
ISMANAM-2019
26th International Symposium on
Metastable, Amorphous and Nanostructured Materials

July 8-12, 2019|Chennai, India

Organized by
Dept. of Metallurgical and Materials Engineering
Indian Institute of Technology Madras
https://mme.iitm.ac.in/ismanam2019

BOOK OF ABSTRACTS



 

1 
 

A NOTE FROM THE ORGANISERS 

 

 

Dear friends, 

 

The organizing team of ISMANAM-2019 is immensely grateful to you for associating with the 26th 

International Symposium on Metastable, Amorphous and Nanostructured Materials (ISMANAM-

2019) to be held during on July 8-12, 2019, organized by the Department of Metallurgical and 

Materials Engineering, Indian Institute of Technology Madras, Chennai, India. 

 

ISMANAM is a prestigious global event ever since its inception in 1993 (Paris). The subsequent 

symposia have been held in Grenoble (1994), Quebec (1995), Rome (1996), Sitges (1997), 

Wollongong (1998), Dresden (1999), Oxford (2000), Ann Arbor (2001), Seoul (2002), Foz do 

Iguaçu (2003), Sendai (2004), Paris (2005), Warsaw (2006), Corfu Island (2007), Buenos Aires 

(2008), Beijing (2009), Zürich (2010), Gijón (2011), Moscow (2012), Turin (2013), Cancún 

(2014), Paris (2015), Nara (2016), San Sebastian (2017) and Rome (2018). ISMANAM-2019 

(Chennai) is the 26th conference in this series, held in India for the first time. The aim of the 

conference was to provide a suitable platform for the exchange of ideas in the areas of metastable, 

nano and amorphous materials. The symposium not only helped the scientific community to stay 

updated with the latest developments, but also enabled discussion on the key scientific challenges 

in the field. 

 

ISMANAM 2019 had 422 participants from 27 different countries. The technical program 

consisted of a Plenary Session on each day with two plenary speakers followed by 4 parallel 

sessions. A total of 48 parallel technical sessions were organised over the period of 5 days, in 

addition to the plenary sessions. These technical sessions had keynote, invited, contributory papers 

presented by active researchers in the field. A total of 245 oral presentations were made in all the 

above sessions. In addition, about 112 posters were presented by the PhD students in 9 different 

poster sessions. The conference covered a wide range of topics including amorphous, nano 

structured and high entropy materials, in bulk, porous, thin films and coating forms. The 

presentations included structural and functional properties of these materials, various processing 

routes, atomistic modelling and structure of nano and amorphous materials, to name a few. 

 

The posters were evaluated by the experts in the field and one best poster award was given in each 

session. The poster awards included a Certificate and gift vouchers for books worthy of 100 Euro 

and 60 GBP from Springer and Royal Society of Chemistry, respectively.  

 

We are thankful to all the Plenary, Keynote and Invited speakers and other participants who have 

spared their precious time for the sake of the conference and making it a grand success. We are 

grateful to the overseas friends, who have taken the pain to travel long distances to be a part of 

ISMANAM-2019. We are also indebted to the Session Chairs and Poster Judges for helping us in 

the conference. We are grateful to all the sponsors and advertisers without whose support this 

conference would not have become successful. We will be failing in our duty if we do not 

acknowledge and appreciate the support from all the members of the local organizing committee 

and the volunteers who have worked hard, day and night, towards the success of the conference.  

 

We sincerely hope that you had enjoyed the conference and had a fruitful exchange of ideas. 

 

N.K. Mukhopadhyay and B.S. Murty 

Co-Chairs, ISMANAM-2019 
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PL-1 

The inverse problem of designing for grain boundary segregation in 

nanocrystalline alloys 
Christopher A. Schuh  
Department of Materials Science and Engineering, Massachusetts Institute of Technology, 

Cambridge, USA 

E-mail: schuh@mit.edu 

 

While grain boundary (GB) segregation is a classical topic in physical and mechanical 

metallurgy, most of our knowledge of it has been cataloged for systems in which it is 

undesirable, e.g., in terms of chemical attack or embrittlement.  By contrast, in nanocrystalline 

alloys the beneficial use of GB segregation has become the primary approach to stabilize 

nanostructure against coarsening, and a variety of new commercial products owe their viability 

to beneficial GB segregation.  This talk will review the science of GB segregation, emphasizing 

the inverse problem of intentionally designing it into nanocrystalline alloys.  The large gap in 

fundamental thermodynamic data for GB segregation in arbitrary binary alloy pairs presents 

substantial opportunities for modeling and computation.  We review simple Miedema-type 

models as well as more accurate atomistic methods as means of developing catalogs of viable 

alloy pairs. Whereas the simplest models consider some ‘average’ grain boundary site energy 

and can provide great insights and successful alloy designs, greater richness and more alloying 

possibilities emerge if a more realistic spectrum of sites is considered in the design process. 

Finally, the talk will point to future opportunities in the development of a fully integrated 

nanocrystalline alloy design effort, incorporating, e.g., ternary effects and processing pathway 

predictions amenable to the development of a stable nanocrystalline structure.  

 

PL-2 

Strain hardening in metallic glasses? 
A. L. Greer 

Department of Materials Science & Metallurgy, University of Cambridge, UK 

E-mail: alg13@cam.ac.uk 

 

Strain hardening is characteristic of the plastic deformation of polycrystalline metals. This 

hardening is desirable for engineering materials as it promotes uniform deformation, imparting 

ductility, and hindering catastrophic mechanical failure.  In metallic glasses (MGs), in contrast, 

it is well accepted that there is strain-softening.  In room-temperature deformation in particular, 

this softening leads to sharp localization of flow into thin shear bands. Shear bands are 

undesirable, leading to premature mechanical failure, unsightly surface markings on 

deformation, and acting as continuing planes of weakness in deformed MGs. Indeed, shear 

banding is the principal impediment to wider acceptance of MGs in engineering applications.  

There has therefore been interest in achieving strain hardening in MGs, thereby impeding shear 

banding, in particular achieving more uniform flow through a higher population of shear bands 

with (for a given overall strain) a smaller shear offset on each one. Progress has been made by 

introducing various heterogeneities into a MG matrix, including prior shear bands. It would be 

of still greater interest, however, to achieve similar effects in a monolithic uniform MG. The 

literature contains several reports of what is usually termed ‘apparent’ strain hardening. These 

are reviewed in detail, with consideration of the possible origins of the observed hardening, 

which include sample-size effects and constraint of flow under triaxial loading. The prospects 

are considered for achieving strain hardening in bulk MGs under simple uniaxial loading, i.e. 

similar to that observed for polycrystalline metals (though necessarily of different origin). 
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KN-1 

Multicomponent and high-entropy alloys 
Brian Cantor 

University of Bradford, West Yorkshire, UK 

E-mail: m.kenyon2@bradford.ac.uk 

 

Conventional strategy for developing metallurgical alloys is to select the main component 

based on a primary property requirement, and to use alloying additions to confer secondary 

properties. This strategy has led to the development of many successful alloys based on a single 

main component with a mix of different alloying additions to provide a balance of required in-

service properties. Typical examples include high temperature Ni superalloys, wrought Al 

alloys and corrosion resistant stainless steels. However, conventional alloy development 

strategy leads to an enormous amount of knowledge about alloys based on one component, but 

little or no knowledge about alloys containing several main components in approximately equal 

proportions. Theories for the occurrence, structure and properties of crystalline phases are 

similarly restricted to alloys based on one or two main components. Information and 

understanding is highly developed about alloys close to the corners and edges of a 

multicomponent phase diagram, with much less known about alloys in the centre of the 

diagram. 

This talk describes a range of other multicomponent alloying strategies, gives a number 

of examples of high-entropy and other multicomponent alloys and discusses their structure and 

properties. 

 

IN-1 

Tailoring microstructure and mechanical properties of multiphase high 

entropy alloys 
P. P. Bhattacharjee 

Indian Institute of Technology Hyderabad, Kandi, India 

E-mail: pinakib@iith.ac.in 

 

High entropy alloys (HEAs) have originally been developed following the novel alloy design 

strategy of mixing five or more elements in equiatomic or near equiatomic concentrations. 

Despite their concentrated alloy chemistry, the HEAs may show simple crystal structures (such 

as FCC, BCC or FCC+BCC) owing to their increased configurational entropy. More recently, 

the definition of HEAs has been expanded to include non-equiatomic multiphase alloys, which 

has opened up the massive composition space for developing alloys with novel compositions 

and properties. Nevertheless, the microstructures of the HEAs need to be tuned for realizing 

superior mechanical properties. In the present talk, we would primarily focus on selected dual 

phase (Al0.5CoCrFeMnNi), eutectic (AlCoCrFeNi2.1) and brittle intermetallic containing 

(CoCrFeNi2.1Nbx) HEAs for achieving superior mechanical properties through microstructure 

control. 

In particular, the (L12+B2) nano-lamellar AlCoCrFeNi2.1 eutectic high entropy alloy 

(EHEA) can be successfully processed by cold or cryo-rolling. The deformation process is 

accompanied by disordering and nano-crystallization of the L12 phase. Upon annealing, while 

the cold-rolled EHEA developed microduplex structure, the cryo-rolled EHEA developed a 

novel heterostructure which offered remarkable strength-ductility synergy. 

Recently, we have investigated a series of CoCrFeNi2.1Nbx HEAs containing different 

fractions of Laves phase. While the as-cast HEAs show poor mechanical strength, annealing 

mailto:m.kenyon2@bradford.ac.uk
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of these alloys leads to precipitation of complex phases. The annealing resulted in an excellent 

combination of strength and ductility. 

In summary, multiphase HEAs offer new opportunities for achieving outstanding 

mechanical properties by way of microstructure control. It is envisaged that further 

understanding of the structure-property relationship will accelerate the potential applications 

of these novel alloys in advanced structural applications. 

 

IN-2 

In search of possible applications for high-entropy alloys 
B. S. Murty 

Department of Metallurgical and Materials Engineering, Indian Institute of Technology 

Madras, Chennai, India 
E-mail: murty@iitm.ac.in 

 
High entropy alloys (HEAs) are a new class of multi-component equiatomic (or near 

equiatomic) alloys, which form simple solid solutions due to their high configurational entropy. 

Processing these exciting materials through mechanical alloying leads to the development of 

nanocrystalline HEAs, which can demonstrate significantly improved properties. Despite the 

excitement that the field has generated, and the large number of studies being carried out by 

many groups, there are many challenges in this field both in terms of fundamental 

understanding and processing. It is important to note that all multi-component equiatomic 

alloys do not lead to the formation of single-phase solid solution in a number of cases. Some 

of the HEAs have shown the formation of intermetallic phases and in some cases phase 

separation of certain elements with high positive enthalpy of mixing with other elements has 

been observed. Understanding the stability, the phases is also a major challenge due to possible 

sluggish diffusivity in these alloys making it difficult to understand whether the phases 

obtained are thermodynamically stable or kinetically stabilized. Processing of the alloys in 

large quantities in various forms for useful applications also remains a major challenge. 

However, there have been attempts to develop these new class of alloys for various potential 

applications. The speaker brings out some of these issues based on the ongoing work in his 

research group. 

 

IN-3 

High pressure torsion as a tool to prepare bulk nanostructured single and 

multiphase high entropy alloy 
R. Sonkusare1, N. P. Gurao1, P. Ghosh2, K. G. Pradeep3 and K. Biswas1 
1Dept. of Materials Science and Engg., Indian Institute of Technology Kanpur, India 
2Erich Schmid Inst. of Materials Science, Leoben, Austria 
3Dept. of Metallurgical and Materials Engineering, Indian Institute of Technology Madras, 

Chennai, India 

E-mail: kbiswas@iitk.ac.in 

 

The production of bulk submicron and nanocrystalline metallic materials by severe plastic 

deformation (SPD) techniques, like equal-channel angular pressing (ECAP), accumulative roll 

bonding, multiaxial forging (MAF), and high-pressure torsion (HPT), offers significant 

property enhancement for conventional metals and alloys. Most SPD techniques, like ECAP 

and MAF, exploit change in strain path to achieve optimum grain refinement. a new property 

space has been made available by the advent of newly developed multicomponent 

multiprincipal high-entropy alloys (HEAs), which are alloys of five or more elements in equal 
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or near equal proportions. Therefore, utilization of HPT in different ways will allow us to probe 

the deformation behaviour of the multicomponent alloys. 

In the present talk, effect of HPT on deformation micromechanisms of HEAs will be 

discussed. The equiatomic FCC CoCuFeMnNi HEA, subjected to high pressure torsion (HPT) 

till five turns, showed a fourfold increase in hardness and three order of magnitude decrease in 

grain size but insignificant change in strain rate sensitivity and activation volume. There is a 

gradual transition from planar slip at low strain to twinning followed with shear banding at 

high strain accompanied with conversion of low to high angle grain boundaries resulting in a 

grain size of 55 nm at the periphery of five-turn sample. Atom probe tomography reveals that 

copper-rich nano clusters present in FCC matrix in the annealed sample underwent partial 

dissolution during HPT to increase the copper concentration from 8.24 ± 3.29 to 17.02 ± 1.51 

atom %, contributing to significant solid solution strengthening in addition to dislocation and 

grain size strengthening (539 to 1941 MPa). Transient instrumented micro and nano-

indentation tests yield activation volume between 12-17 b3 for both samples with three orders 

of magnitude difference in grain size and dislocation density. 

 

CN-1 

Prediction of phases in high entropy alloys via a completely predictive kinetic 

model 
C. Chattopadhyay1, Anil Prasad2 and B. S. Murty2 
1Department of Materials and Metallurgical Engineering, National Institute of Foundry and 

Forge Technology, Ranchi, India 
2Department of Metallurgical and Materials Engineering, Indian Institute of Technology 

Madras, Chennai, India 

E-mail: techchinmoy@gmail.com 

 

A completely predictive model based on kinetics of phase transformation has been constructed 

to forecast the final combination phases in a high entropy alloy (HEA). The basic objective of 

the model is to predict a single phase BCC, FCC, HCP or a combination of two or more 

including intermetallic compound phase (IM) that may form in an equiatomic HEA. The model 

includes the prediction of formation of amorphous phase too. Viscosity of constituting elements 

of HEA is a prime important kinetic aspect for any phase transformation. Hence, the viscosity 

of the HEA is modelled as a function of elemental (constituting) viscosities, the crystal 

structure of final crystalline phase, packing efficiency of the crystal system and variation in 

atomic sizes in elements. TTT diagrams of crystalline phase or IM phase has been plotted 

utilising the modelled viscosity of an HEA. Therefore, the TTT diagram has been constructed 

purely based on elemental properties. An HEA has been studied assuming to form all probable 

lower order unmixing to form crystalline solid solution or IM phase in binary to up to the order 

of the main alloy. The hierarchy of theoretical TTT diagrams have been examined and the final 

single phase or combination of two or more phases have been predicted. All HEAs of 

equiatomic nature found in literature till date have been investigated through the kinetic model 

which have been found to be widely efficient in forecasting the final phase or combination of 

phases. CoCrCuFeNi, CoCrFeMnNi, AlCoCrFeNi AlCuMgMnZn, ZrTiNiCuBe are few 

examples of the HEAs studied. Moreover, the present model can efficiently explain the 

varieties in final microstructures in different cooling rates in many HEAs like AlCoCrFeNi. 

AlCoCrFeNi and CoCrFeMnNi which have been experimentally confirmed in melt spinning 

for their amorphisation behaviours. Experimentally found out final microstructure of HEAs in 

literature match very well and hence prove the model to be correct. 
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CN-2 

High-pressure torsion driven mechanical alloying of CoCrFeMnNi high 

entropy alloy 
A. Kilmametov1, R. Kulagin1, A. Mazilkin1,2, S. Seils3,4, T. Boll3,4, M. Heilmaier3,4 and H. 

Hahn1 
1Karlsruhe Institute of Technology, Germany 
2Institute of Solid State Physics, Russian Academy of Sciences, Chernogolovka, Russia 
3Institute for Applied Materials, Karlsruhe Institute of Technology, Germany 
4Karlsruhe Nano Micro Facility, Karlsruhe Institute of Technology, Germany 

E-mail: askar.kilmametov@kit.edu 

 

For the first time CoCrFeMnNi alloys have been processed directly by HPT-driven mechanical 

alloying of multicomponent mixtures of elemental powders. The powders were prepared in 

equimolar proportions, and subsequently subjected to consolidation and HPT deformation at 5 

GPa using imposed shear strains up to equivalent of 100 rotations. Starting from the elemental 

mixtures, the microstructure evolved into (FCC+BCC) based solid solutions and eventually to 

a FCC single phase with grain sizes in the range of 50 nm. Approximately 5% of precipitates 

of chromium oxide in the size range of 7–10 nm were formed as well. The combination of the 

hardening mechanisms due to the complex alloy and the nanometer-sized grains, the additional 

precipitation hardening resulted in exceptional values of the hardness of about 6700 MPa. It is 

speculated the application of HPT conditions results in accelerated atomic diffusivity, which 

allows to save both time and energy (lower synthesis temperature) and obtain different types 

of HEA microstructures for further studies of stability and mechanical properties. 

 

KN-2 

Shear bands in metallic glasses: Atomic transport, propagation and 

relaxation behavior 
G. Wilde1, 2 
1Institute of Materials Physics, University of Muenster, Germany 
2Herbert Gleiter Institute, Nanjing University of Science and Technology, China 

E-mail: gwilde@uni-muenster.de 
 

Plastic deformation of metallic glasses is mostly localized in plate-like mesoscopic defects, so-

called shear bands. Their propagation often initiates catastrophic failure. Yet, small 

compositional variations (“minor alloying”) as well as structural heterogeneities can affect their 

propagation revealing different interaction mechanisms that are summarized in a qualitative 

mechanism map that categorizes the various processes that may occur in the course of the 

interaction between shear bands and structural heterogeneities. Although the occurrence of 

shear bands is well known and often determines the mechanical performance of the material, 

their actual physical properties remain fairly unknown. Here, experimental data on the rate of 

atomic diffusion within shear bands have been obtained using the radiotracer method on post-

deformed specimens. Additionally, novel TEM-based methods served to experimentally 

determine the local specific volume as well as the local degree of medium-range order and the 

local chemical composition quantitatively. Moreover, local strain fields at shear bands have 

also been analyzed and the impact of shear deformation and relaxation on the low-temperature 

heat capacity anomaly known as the “Boson peak” has been addressed, revealing complex 

dependencies on time, temperature and strain. Relaxation experiments showed an unexpected 

temporal evolution of the shear bands, including so-called cross-over behavior. The 

experimental results are discussed with respect to the underlying mechanism during the early 
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stages of shear band activation and their temporal evolution as well as on the properties 

characterizing these “defects” in deformed metallic glasses. 

 

IN-4 

Application of rapidly solidified magnetic materials for structural health 

monitoring of engineering components  
Amitava Mitra, Rajat Kr. Roy and Ashis Kr. Panda 

CSIR-National Metallurgical Laboratory, Jamshedpur, India 

E-mail: amitra@nmlindia.org 

 

Bulk application of rapidly solidified magnetic materials is in transformer as core materials due 

to their extremely low core loss (<0.2 W/kg). The high permeability coupled with low 

coercivity makes these materials suitable for sensor applications also. A large number of 

sensing devices like stress, current, biomedical sensors using amorphous/nanostructured 

materials are available. In the present paper discussion will be done on development of sensors 

for damage assessment of steel components to prevent catastrophic failure. The wire shaped 

rapidly solidified materials having diameter of the order of 100microns produced by in-water 

quenching technique exhibit large change in impedance in presence of magnetic field. In 

certain composition, the change in magneto-impedance becomes more than 100% when 

operated in the frequency range of 100kHz to 10 MHz and hence they are known as Giant 

Magneto-Impedance (GMI) materials. Extensive work was carried out for optimisation of 

composition and heat-treatment schedule to enhance GMI ratio beyond 100%. Using such 

materials, a sensing device MagSys has been developed for damage assessment of engineering 

components particularly non-magnetic austenitic steels from petrochemical industries where 

carburisation is major cause of concern. Large numbers of components in petrochemical 

industries are made of austenitic stainless steel like SS304, SS321. Such component when 

subjected to high temperature for an extended period for cracking of hydrocarbon, carbon 

defuses into the materials and interact with their alloying elements, resulting in deterioration 

of mechanical properties and susceptible to failure. The effect of curburisation makes the 

component from nonmagnetic to very weakly magnetic. The device MagSys which uses 

nanostructured wire was used to evaluate the extent of carburisation of stainless steel and 

establish criteria for safe use of components.  

Using magnetostrictive amorphous ribbons another device, MagStrics, has been 

developed which has been used for generation of guided wave for pipeline inspection. If there 

is any flaw like corrosion, pin hole in welds or cuts at the outside or inside of the tube, the 

device is able to detect the position of such flaw by monitoring at one end of the tube. Usually 

polycrystalline Fe-Co alloys are used for such devices. The use of amorphous alloy makes the 

system operation in low power level and cost effective. Rapidly solidified bilayer amorphous 

ribbons have also been developed which resulted as suitable materials for bend sensor and will 

be discussed. 
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IN-5 

Vitrification and enthalpy relaxation kinetics versus atomic mobility and 

dynamics in a metallic glass former 
Isabella Gallino 

Chair of Metallic Materials, Saarland University, Saarbrücken, Germany 

E-mail: i.gallino@mx.uni-saarland.de 

 

Bulk metallic glasses are multicomponent alloys with large size mismatch and heterogeneous 

chemical affinity between the constituents, resulting in highly densely packed structures with 

pronounced short and medium range order and highly heterogeneous dynamics. This implies 

that apart from the α-relaxation there exist multiple different atomic motions exhibiting a 

variety of time scales. 

With the Au49Cu26.9Si16.3Ag5.5Pd2.3 composition we have identified them by enthalpy 

relaxation and recovery studies and atomic mobility experiments. The atomic mobility is 

assessed by means of a frequency dependent step response analysis in a fast scanning 

calorimeter (FSC), and with atomic dynamics based on dynamic mechanical spectroscopy 

(DMA) and X-ray photon correlation spectroscopy (XPCS). Moreover, the vitrification 

kinetics is studied in terms of the cooling rate dependence of the limiting fictive temperature in 

FSC. We observe that vitrification kinetics and the α-relaxation are decoupled at relaxation 

time scales greater than 0.1s, corresponding to moderate cooling rates slower than 200K/s. It 

results that the liquid vitrifies at a temperature lower than expected from the α-process. This 

separation is the more pronounced the more deeply the liquid is undercooled, which is in 

agreement with the scenario of a growing length scale for dynamic heterogeneities and it is 

connected to multiple mechanisms involved in the relaxation of the glassy state, which are 

observed to exhibit mild Arrhenius temperature dependence.  

At even lower temperatures, we have observed -based on XPCS and high energy x-ray 

diffraction (XRD) analyses- that this composition can undergo a liquid-liquid transition in the 

ultra-viscous liquid state connected to relaxation times in the order of 1000s of seconds. This 

transition is in competition with vitrification and provides a direct connection between 

polyamorphism and dynamical crossover. 

 

IN-6 

Design and synthesis of novel and metastable oxides: High entropy ceramics 

and alumina glasses 
Ashutosh S. Gandhi 

Department of Metallurgical Engineering and Materials Science, Indian Institute of 

Technology Bombay, Mumbai, India 

E-mail: agandhi@iitb.ac.in 

 

The search for novel oxide materials, with properties that would be otherwise inaccessible, has 

often leveraged metastability of phase constitution and microstructure. Alumina based glasses 

have exhibited interesting behavior, such as large-scale plasticity (Al2O3-ZrO2) and moply-

amorphism (Al2O3-Y2O3). The potentially useful properties of these glasses include the 

combination of high hardness and refractive index. Multicomponent equimolar oxide ceramics, 

popularly termed as ‘high entropy ceramics’ constitute a relatively newer class of ceramics 

with the presence of 5 to 10 different metal ions. There is promise of attractive properties from 

these materials as well. The most important hindrance to the development of these novel 

materials is processing. We have employed chemical synthesis techniques such as solution 

combustion synthesis and reverse co-precipitation to obtain alumina glasses and 
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multicomponent equimolar oxides. The processing goal is to obtain the desired phase in the 

powders, that are sintered without losing that desired phase. The talk will highlight successful 

enhancement of the thermal stability of alumina glasses by selecting a combination of Y2O3 

and TiO2 as alloying additions. Similarly, spinel and perovskite phases have been synthesized 

in multicomponent equimolar compositions with 5 to 10 different metal ions. The phase(s) 

observed are rationalized on the basis of Puling’s rules, tolerance factor, and the relative 

contributions of enthalpy and entropy of mixing. Promising sintering results on the alumina 

glasses and multicomponent equimolar oxides point towards successful strategy of designing 

these novel and metastable materials. 

 

CN-3 

Effect of tensile stress on soft-magnetic and magneto-impedance properties 

of amorphous microwires 
Dhanranjan Kumar1,2, Munchun Kumari1,2, Premkumar M.2, T. K. Das2, R. K. Roy2, A. 

Mitra2, E. Shuvaeva3, M. Churyukonova3, S. Kaloshkin3 and A. K. Panda2 
1Central University of Jharkhand, Ranchi, India 
2NDE & Magnetics Group, CSIR-National Metallurgical Lab., Jamshedpur, India 
3National University of Science and Technology «MISIS», Moscow, Russia 

E-mail: akpanda@nmlindia.org 

 

The influence of composition, tensile stress and annealing treatment on soft-magnetic and 

Giant magneto-impedance (GMI) behaviour of positive magnetostrictive (Fe77.5Si7.5B15), 

nearly zero magnetostrictive (Co68.15Fe4.35Si12.5B15) and negatively magnetostrictive 

amorphous wires (Co80.01Fe4.84Si7B2.37Nb3.7Cr2.08) microwires were investigated.  The 

amorphous and nano-composite structure was characterized by X-ray diffraction studies. The 

magnetic coercivity (Hc) of these positive, near zero and negatively magnetostrictive 

amorphous microwires were 12.3 A/m, 8.75 A/m and 2.38 A/m respectively in as-quenched 

state and softened to 8.7 A/m, 7.8 A/m and 1.6 A/m on heat treatment. The drastic reduction 

of Hc for positive and negative magnetostrictive microwires suggests magnetic softening is 

due to thermal annihilation of quenched-in stresses and subsequently reduction in the magneto-

elastic anisotropy. The Co80.01Fe4.84Si7B2.37Nb3.7Cr2.08 negative magnetostrictive microwires 

exhibit large GMI ratio (∆Z/Z %) of 490 %, whereas the Fe77.5Si7.5B15 nearly zero 

magnetostrictive microwire exhibit lower (∆Z/Z %) of 25 % measured at 2MHz with applied 

AC current of 2mA.  Irrespective of the composition and magnetostriction constant, the GMI 

properties of the amorphous microwires deteriorates with the application of external tensile 

stress. The tensile stress applied on negatively magnetostrictive Co80.01Fe4.84Si7B2.37Nb3.7Cr2.08 

microwire shows asymmetric GMI peak behaviour and the skewness increases with higher 

tensile stress. The variations in the GMI behaviour of three microwires were analyzed in regard 

to their microstructure, magnetic properties and governing anisotropy mechanism. The 

investigation also addresses effect of stress on glass coated microwires. 
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CN-4 

Residual stress determination in oxidized bulk metallic glass using X-ray 

diffraction and FIB/DIC methods 
S. Haratian1, F. Niessen2, F. B. Grumsen1, M. Villa1, T. L. Christiansen1 and M. A. J. 

Somers1 
1Materials and Surface Engineering Section, Mechanical Engineering Department, Technical 

University of Denmark, Produktionstorvet, Denmark 
2Electron microscopy center, Wollongong University, Wollongong NSW, Australia 

E-mail: Sahara@mek.dtu.dk 

 

The presence of residual stresses inside the engineering components generated by local 

inelastic deformation can influence material’s performance considerably during mechanical 

loading. Surface engineering of ZrCuAl-based bulk metallic glasses (BMGs) by low-

temperature (<Tg) gaseous oxidizing is hypothesized to be possible in order to build-up 

compressive residual stresses in the surface region, which then results in decelerating the shear 

band propagation during deformation. In the current study stresses introduced as a consequence 

of ZrO2 (Al2O3) formation on thermochemically oxidized (Zr55Cu30Al10Ni5)98Er2 BMG were 

investigated. For this purpose, conventional X-ray diffraction sin2ψ and incremental core-ring 

focused ion beam (FIB) milling methods have been utilized. The BMG was initially oxidized 

in the controlled gaseous atmospheres imposing an extremely high pO2 at 600 K for 60 hr. The 

residual stress sin2ψ analysis was conducted on (011) reflection of the tetragonal-ZrO2 peak 

where it reveals the existence of compressive stress in ZrO2. Surface strain relief monitored in 

high-resolution SEM imaging of a deposited stochastic pattern during gradual milling and 

measured by digital image correlation (DIC) also indicated the occurrence of compressive 

residual stresses in the surface region of the oxidized BMG. 

 

KN-3 

Caloric effects in magnetic materials 
Hari Srikanth 

Functional Materials Laboratory, Department of Physics, University of South Florida, USA 

E-mail: sharihar@usf.edu 

 

Caloric effects in magnetic materials have generated a lot of interest in the scientific 

community over the years owing to their impact on technological applications such as 

refrigeration, waste heat recovery for power generation, thermoelectric and spintronic devices. 

There are many caloric effects generally related to the coupling of ferroic order parameters to 

external magnetic fields and phase transitions or generation and manipulation of pure spin 

currents through thermal gradients. In this talk we would focus on two such caloric effects 

namely the magnetocaloric effect (MCE) and spin caloric effect (SCE) and present recent 

advances on these topics made in our Functional Materials Laboratory.  

We demonstrate that it is possible to combine thermoelectric and magnetocaloric 

properties for dual functional refrigeration in Eu8Ga16Ge30 semiconducting clathrates. By 

forming composites with EuO we can tune the optimal MCE characteristics, operating 

temperature range and refrigerant capacity. In the other area of spin caloritronics, we emphasize 

the important role of magnetic anisotropy and interface coupling between the magnetic 

insulator (YIG) and metal (Pt) layers through systematic investigations of the anisotropy and 

spin Seebeck effect (SSE). We discuss the exciting possibility of improving the spin mixing 

conductance and enhancing SSE through appropriate choice of buffer layers between YIG and 
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Pt. Overall, we will present an overview based on our research how these caloric effects can 

lead to new and improved thermomagnetic devices.  
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Giant magnetoimpedance effect in soft magnetic ribbons and thing films 
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Amorphous, nanocrystalline and composite magnetic materials have attracted considerable 

research interest owing to their microstructure and soft magnetic character. In these materials, 

the magneto-crystalline anisotropy is randomly fluctuating on the scale much smaller than the 

domain wall width, which results in vanishing anisotropy. Therefore, they offer a new 

opportunity for tailoring soft magnetic materials for AC applications. For example, transition 

metal (Fe, Co and Ni)-based materials exhibit high saturation magnetic induction (BS>1 T), 

low coercivity (HC<1 Am-1) and high permeability (r @1kHz >104). Such properties make 

them suitable for a wide range of high frequency device and sensor materials. The giant 

magnetoimpedance (GMI) phenomenon has been observed in these materials, and exploited 

for the development of low field magnetic sensors. Here we will present our recent results on 

Co-based amorphous ribbons and electrodeposited permalloy thin films. We will discuss how 

transverse anisotropy can be tuned by application of DC magnetic field during Joule annealing. 

A maximum enhancement of MI ~175% with a maximum field sensitivity, 40%/Oe, was 

observed in Co73Fe4.5Nb1.5Si4.2B16.8 ribbon Joule annealed with current density, J = 1.0×107 

A/m2. The GMI effect in distinctly graded amorphous-nanocrystalline composites will be 

presented and from these results we demonstrate that Joule annealing is a germane method to 

tune the microstructure, magnetic anisotropy and hence MI response. 
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The present paper deals with the rapidly solidification of Fe-Zr-B-Cu alloys with varying 

compositions and processing conditions and evaluation of structures and soft magnetic 

properties using X-Ray Diffraction (XRD), Differential Scanning Calorimetry (DSC), 

Transmission Electron Microscopy (TEM), Vibrating Sample Magnetometry (VSM) and 

Mossbauer spectroscopy methods. Fe99-x-yZrxByCu1 alloys with x+y = 11 and x+y = 13 have 

been vacuum melt spun to obtain continuous ribbons at different wheel speed conditions. On 

decreasing the wheel speed, the structure of as spun Fe88Zr7B4Cu1 ribbons, which is mostly 

studied composition changes from completely amorphous to cellular bcc solid solution 

coexisting with the amorphous phase at intercellular regions and then to completely dendritic 

solid solution. Similar structural changes have also been observed when B content was 

increased in Fe99-x-yZrxByCu1 alloy system at the cost of Zr. The glass forming ability, evaluated 

from thermodynamic properties is found to be in agreement well with the experimental 

observations. On annealing, all amorphous ribbons except the Fe88Zr9B4Cu1, crystallize in two 
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stages; first partially to nanocrystalline α-Fe and then to Fe3Zr from residual amorphous phase. 

The amorphous Fe88Zr9B4Cu1 ribbon shows three stage crystallization process; first partially 

to bcc solid solution which is transformed to nanocrystalline α-Fe and Fe2Zr phases exhibiting 

bimodal distribution, and then to Fe3Zr from residual amorphous phase. The stability of 

amorphous, α-Fe and Fe2Zr phases in different alloys can be explained from the molar Gibbs 

free energies (G), calculated as a function of temperature. A detailed phase analysis using 

Mossbauer spectroscopy through hyperfine field distribution of phases has been carried out to 

understand the crystallization behaviour. 
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Positive magnetic entropy change, (ΔSM) often termed as inverse magnetocaloric effect 

(IMCE) has been reported in Ni-Mn-X (X= Sn,In) alloys. The other alloy system, Ni-Fe-Ga 

has been investigated for ferromagnetic shape memory effect, and also has also shown 

magnetocaloric effect. These alloys, like Ni-Mn-Ga, transform from an L12-type cubic 

structure to a modulated or non-modulated martensitic structure on cooling and the 

transformation is reversible on heating. The IMCE in these alloys vanishes at high fields and 

is reported due to the extrinsic effect arising from the coupling between the martensitic twins 

and magnetic domains. This calls for a detailed microstructural investigation to understand the 

martensite structure to correlate with magnetocaloric effect. With this aim, we have 

investigated the martensite structure and the magnetocaloric properties in melt-spun ribbons of 

Ni-Mn-Sn, Ni-Fe-Ga, Ni-Mn-In alloys of similar composition. 

TEM studies revealed 5M, 7M and < 5M modulated martensite structures for Sn, Fe 

and In containing Hesuler alloys respectively. The isothermal magnetization in fields up to 5 T 

in the vicinity of structural-magnetic transformation temperature was measured using SQUID 

to estimate ΔSM and the IMCE values were correlated to the microstructure. The Ni-Mn-In 

having tetragonal martensite (<5M) structure has shown higher inverse magneto caloric effect 

(24 J/kg-k) at 2T. The other two alloys, viz. Ni-Mn-Sn with 5M and Ni-Fe-Ga with 7M 

structures have ΔSM of only 6 and 1.1 J/kg-K respectively. The microstructure and magnetic 

entropy results show that there exists a direct correlation between the modulated martensite 

and the magneto caloric property. We also propose high entropy magneto caloric materials 

concept for enhancing ΔSM further. 
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The nanocomposites based on CdS quantum dots (QDs) attract attention of researchers both 

scientific and practical side due to its applications in optical communication and signal 

transmission, solar energy conversion, laser engineering. In the present work the 

nanocomposites with CdS QDs in the silica-based matrix were prepared. Three different matrix 

used to study the matrix effect on the properties of the nanocomposites. The synthesis of 

nanocomposites by the sol-gel method using tetraethylorthosilicate (TEOS) in two ways 

(mixing the prepared colloidal solution of nanoparticles with TEOS or synthesis of 

nanoparticles directly in the TEOS solution) was carried out. As the simple model dielectric 

matrix, water alkaline solution of sodium silicates Na2O(SiO2)n, or liquid glass, was used for 

the first time. Besides the formation of CdS nanoparticles conducted in a dielectric matrix 

during high-temperature synthesis. The CdS-based composites studied by XRD, optical 

absorption, photoluminescence spectroscopy, SAXS and SEM. The size ranges from 3 to 10.3 

nm depending on the matrix, method of synthesis, and stabilizer. The most high-energy peaks 

of luminescence were found for nanocomposites synthesized by growing nanoparticles directly 

in the matrix matrix - (Na2S + X) + CdCl2, where X = TEOS*, LG. The attestation of 

nanocomposites by the methods of SAXS, SEM, and optical spectroscopy are in a good 

agreement with each other.  It was found, that the matrix and the method of synthesis affect the 

size of the nanoparticles, the intensity and range of luminescence. 
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Sputter-deposited 304 austenitic stainless steel (SS304) coatings on stainless steel substrates 

were characterized in detail using x-ray diffraction and electron microscopy techniques. The 

most important observation was the rapid formation of the sigma phase during the vapor 

deposition. The ferrite was the other phase observed in the coating, without any sign of the 

characteristic austenitic phase of SS304. The energy dispersive spectroscopy (EDS) results at 

the micrometer length-scales in the scanning electron microscopy (SEM) showed that there 

was no significant difference in the composition between the sigma and the ferrite phase 

regions. However, the nano-scale EDS results in the scanning transmission electron 

microscopy (STEM) indicated that there was a conversely coupled fluctuation of Cr and Fe 

concentrations in the sigma phase regions. The microstructural features were studied from the 

perspective of the mechanism of the rapid and unusual formation of the metastable sigma phase 

during the sputter-deposition.  
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Nanostructured materials can be defined as a system in which at least one dimensions is ≤100 

nm and it typically consists of layer-like, wire-like and particle-like structures. These materials 

are attracting increasing interest and excitement in nearly all fields of science and technology 

owing to their potential applications and to the appearance of various phenomenon and 

properties different from those of the corresponding bulk phases. It is important to understand 

various synthesis routes and characterization even at sub-nanoscale. In this study we report 

some of important findings pertaining to ZnO, TiO2, WO3, CuO, CdO, Al2O3, on novel growth 

morphologies and mainly related spectroscopic and optical performance. Moreover, certain 

fundamental concerns on oxide nanostructures pertaining to their preparation and correlating 

the ensuing microstructure with luminescence and other activities have been tackled to resolve 

queries of (i) effect of processing on size and morphologies, and (ii) consequences of 

microstructures on optical performance with fine scale microstructures and potential 

applications. The important tools of electron microscopy and spectroscopy in the 

characterization of nanomaterials will be discussed. A detailed correlation between 

nanostructures, their growth parameters, microstructural characterization and their property 

evaluation will be presented and discussed. 
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Native atomic defects promotion in ZnO nanocrystals (NCs) have immense potential for 

delivering innovative solutions for many challenging societal problems. Hence, our laboratory 

mainly focuses on developing different process chemistry to promote atomic defects in ZnO 

NCs. In this talk, emphasis will be given to our recent innovation in photoprotection by taking 

advantage of ZnO NCs defects associated optical transitions and its surface chemistry to deliver 

a highly effective sunscreen active ingredient with added cosmetic value. Considering the 

application potential and advancement offered in the area of photoprotection, a leading 

speciality chemical industry is associating with us for possible technology transfer. Thus, our 

experience so far in the line of translational research for multifunctional sunscreen active 

ingredient will be shared. 
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The eutectic alloys are popular engineering alloys with widespread applications due to their 

excellent castability and low melting temperature. The presence of alternate lamellae of soft 

solid solution phase and hard intermetallic phases offers tuneable mechanical properties, which 

provides optimum combination of strength and ductility. In the present work, the evolution of 

nano-/ultrafine lamellar FCC+TCP eutectic microstructure in series of CoCrFeNiMx (M = Nb, 

Ta) high entropy alloys has been studied. The phase formation and microstructural 

modification with the adopted cooling rates, annealing and secondary processing technique 

have been explored using X-ray diffraction, scanning electron microscopy and transmission 

electron microscopy. The high strength and large plasticity in CoCrFeNiNb0.5 and 

CoCrFeNiTa0.4 eutectic high entropy alloys are correlated with solid solution strengthening in 

the FCC phase and the presence of hard Laves phase. Furthermore, these results of eutectic 

high entropy alloys will be compared with that of nano-eutectic FCC or BCC + intermetallic 

alloys developed in binary/ternary Ti-Fe-(Sn) and Ni-Zr-(Al) systems. The operated 

mechanisms at micro-/nano-scale such as dislocation movement in the nano-lamellar phases, 

the slip transfer across the lamellae interface and strain hardening in these eutectic alloys, have 

been explored. 
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Amidst the ever increasing list of materials for renewable energy applications, oxides and 

oxynitrides have garnered maximum attention. Oxides qualifying as visible light active 

material possess a narrow bandgap (< 3 eV), together with appropriate band-edge positions and 

photostability. They are also cost effective and stable, but with activity limited to UV region 

of spectra, owing to the O2p levels lying at a potential of ~ 3 eV forming the top of valence 

band. An oxynitride combines the merits of oxides as well as nitrides with better electrical 

conductivity, corrosion resistance, better stability in air and moisture than that of nitrides, and 

a bandgap less compared to oxides. Introduction of N2p energy level above the valence band 

(N being less electronegative than O) and broadening of valence band into forbidden gap leads 

to the reduction in effective bandgap while the conduction band remains more or less 

unaffected. Such photoactive materials find wide applications in degradation of 

organic/inorganic pollutants in water and gas matrices. 

Bandgap engineering of metal oxides, hence, could offer a plausible way to realize 

visible light active compounds. In the present work we adopt materials like brownmillerite 

(A2B2O5) and oxynitrides [1] with multifunctional properties to tap the solar energy for 

sunlight-driven water-splitting and water treatment. The status obtained by ZnO:GaN 

oxynitrides as efficient photoactive material motivates the exploration of oxynitrides based on 
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ZnO with other group III nitrides. The feasibility of using novel ZnO:InN oxynitride for 

efficient water splitting and photoassistive degradation of artificially polluted water has also 

been explored. Besides oxynitrides, oxides such as Brownmillerites possess relatively lower 

bandgaps when compared to regular perovskite oxides due to the orderly arrangement of corner 

sharing FeO4 tetrahedra and FeO6 octahedra [2]. They find multiple applications as photoactive 

material, mixed ionic electronic conductor as well as Carbondioxide capture material. The 

results are reproducible, which is an important criterion for practical application. The role of 

these materials for alternate energy applications will be presented. 
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In the present work, we report on the electrodeposition of CuIn1-xGaxSe2 by a novel step 

deposition process. Initially, near stochiometric CuInSe2 thin films of [Cu/In] ratio 1.15 was 

electrodeposited by single step technique using citric acid-sodium dodecyl sulfate (SDS) 

electrolyte. Preliminary studies revealed that the initial deposition conditions have significant 

influence over the composition, film quality and the addition of SDS in the citrate electrolyte 

enhances adhesion, smoothness and eliminates multinuclear growth. To explore the capability 

of the citrate-sodium dodecyl sulfate (SDS) electrolyte, the CISe thin films deposited at various 

potentials were annealed at 300˚C in nitrogen atmosphere. The structural, morphological and 

compositional properties of the annealed CISe thin films were compared. Finally, CISe thin 

film deposited at -0.65 V/SCE exhibiting the p-type electrical conductivity was confirmed by 

Mott-Schottky (M-S) and photoelectrochemical (PEC) studies. Further, the Ga-Se thin film 

was deposited potentiostatically in tartrate electrolyte to obtain a CISe/Ga-Se bilayer stack. The 

annealed CISe, CIGSe layers were subjected to XRD, FE-SEM and Raman studies to 

understand the structural, morphological, compositional and phase changes. The final 

composition of the annealed CIGSe thin film exhibited a CuIn0.66Ga0.34Se1.66  stoichiometry. 

Further the defect concentration and photo-electrochemical behavior was analyzed.   
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Exploration of low-dose X-ray detectors with superior sensitivity is a focus of many researchers 

due to their increased use in diverse potential applications especially in the medical diagnostic 

imaging and environmental safety. In the direct conversion X-ray detectors, X-rays can be 

directly detected through the semiconductors, which converts into electrical resistance. Binary 

iodides such as PbI2, HgI2 and BiI3 are active materials because of their high radiation 

absorption coefficient. In the present work, tetragonal PbWO4 polycrystals in micro and nano 

dimensions were prepared respectively by using solid-state and wet-chemical double exchange 
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reactions then characterized using XRD, HRSEM, TEM, Raman, FTIR and DRS techniques. 

Further to investigate the X-ray sensing behaviour, thick films on the top of wet-etch derived 

patterned electrodes were prepared by slurry deposition process using aqueous PVA as a 

binder. Stopping power of both micro and nano PbWO4 samples were examined using Suniray-

2 RVG intra-oral X-ray imaging system. Then, interfaced with Keithley 2450 source meter and 

exposed to X-rays using an intra-oral AC 70kV X-ray machine to record photocurrent for 

different exposure durations. The observed photocurrent of both the samples increases with 

increase of exposure durations, but the percentage of sensitivity was found to be superior for 

nanocrystalline PbWO4 sample. The observed grain size effect on X-ray sensing behaviour of 

PbWO4 will be discussed with a suitable mechanism. 
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Nanowires (NWs) exhibit peculiar and unique properties superior to their bulk counterparts 

that can be attributed to the restricted motion of electrons in the confined dimensions of the 

nanostructure (quantum effects). Recent studies suggest that one-dimensional (1D) 

semiconducting nanowires have gained extensive attention due to their novel properties and 

their application in future nanometer-scale electronics devices. Ion beam technology is a very 

promising technology that is capable of producing significant modifications in the properties 

of nanostructures. The advancement in the engineering and exploration of the materials with 

radiation provide immense opportunities to mechanize the benefits of radiation in favour of 

mankind. The ion beam, depending on the energy regime, can play different and significant 

roles in materials science such as synthesis, modification and characterizations. In the present 

study, the effect of low energy ion beams on CdSe nanowires is discussed. The nanowires are 

synthesized with template assisted electro-chemical deposition method using polycarbonate 

track-etched membranes as templates. The implantation of 1MeV Argon ions was done at Inter 

University Accelerator Centre (IUAC), New Delhi, India. Pre- and post- implanted samples 

were characterized for morphological, elemental, structural, optical and elemental analysis. 

Also, the simulation studies were performed using SRIM-TRIM software to better understand 

the underlying processes on implantation. The experimental results showed that implantation 

embody the improved electrical properties without any structural damage that may be attributed 

to the availability of more charge carriers, localized heating and coalescence of grains as a 

result of ion implantation. The better electrical conductivity of nanowires on implantation 

suggests the possibilities for suitable applications in photosensitive devices such as 

photovoltaic cell, heterojunction solar cells without using Si etc. 
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The limited knowledge of the atomic structure is one of the challenges in understanding 

amorphous materials such as metallic glasses or organic composites. Only few experimental 

approaches offer a way to characterize disordered atomic structures. Pair distribution function 

(PDF) is one of the important tools, which describes the probability to find pairs of atoms as a 

function of the atom distance and thus provides short- and medium-range structural 

information. However, traditional diffraction experiments only provide an average over large 

sample areas and lack spatial resolution especially at the nanometer scale. Critical information 

is therefore hidden in the averaged signal. 

We have developed a new scanning transmission electron microscopy based method, 

STEM-PDF imaging, to enable structural mapping of multiphase amorphous materials with 

nanometer resolution. For this approach, we acquire 4D diffraction maps in STEM mode with 

a quasi-parallel nano-beam with a spot size of ~1.5 nm and convert the array of diffraction 

patterns to a 3D data cube of PDFs. The data cube of PDFs can be analyzed by hyperspectral 

analysis, such as multivariate statistical analysis, to obtain a structure based phase map of the 

multiphase amorphous materials. Furthermore, the structure of each phase can be analyzed 

using the corresponding PDFs in terms of bond distance and bond angle. We have initially 

applied PDF imaging to understand the structure of a variety of metallic glasses and 

nanoglasses and more recently extended this approach as low-dose imaging technique to 

polymer composites. With this presentation, we will introduce the technique and illustrate the 

information that can be obtained by looking at multi-layered metallic glasses, nano glasses and 

nanostructured organic composites. 
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Atom probe tomography (APT) is a technique that combines high spatial resolution and 

excellent chemical sensitivity. It uniquely bridges the gap between imaging and analytical 

techniques at the sub-nanometer scale. APT datasets consist of 3D positional information with 

chemical identity assigned to every data point within the analyzed volume. This technique 

provides true 3D chemical and isotopic analysis that is difficult to obtain with projection 

techniques.  

The LEAP® series, and recently released EIKOS™, are the two APT product lines 

manufactured by CAMECA®. The Madison, Wisconsin based company is also fully devoted 

to developing new methodology on sample preparation and data analysis. In this talk, we will 

focus on an overview of how the atom probe collects data and recent applications such as 
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additive manufacturing and emerging applications enabled by advances in atom probe 

methodology and instrumentation.  

Additive manufacturing (AM), also known as 3D printing, presents new materials 

opportunities as well as challenges. Additive manufacturing of metals is an emerging area that 

can provide printed parts on demand for industries such as aerospace, automotive, and 

biomedical. In a process known as selective laser melting (SLM), a powered metal feedstock 

material is sintered to form solid material. The chemical composition and grain boundary 

engineering is critical to the resultant material properties. Atom probe tomography provides 

nanoscale chemical information, enabling alloy processing conditions to be optimized for AM 

materials. Results from several example material systems will be discussed in this talk.  
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Contact Resonance Atomic Force Microscopy (CR-AFM) has been widely used for measuring 

elasticity and energy dissipation (damping) in various materials quantitatively at scales below 

a few tens of nanometers. Energy dissipation at the nanocontact takes place due to the combined 

effect of sliding friction at the interface and internal friction in the specimen. The spatial 

distribution of the local damping factor of amorphous PdCuSi metallic glass and its crystalline 

counterpart measured through CR-AFM indicated dramatic difference as expected from the 

consequences of the potential-energy landscape picture and the distribution of the Young’s 

modulus. Recently, we have also reported on friction measurement on a La0.6Sr0.4MnO3 

(LSMO) thin film and fused silica using CR-AFM. The contribution to the damping of the 

cantilever oscillations caused by micro-sliding of the cantilever tip on the surface of the 

specimen decreases with temperature parallel to the increase in resistivity of the thin film. The 

behavior of the cantilever damping constant demonstrates a direct coupling between 

mechanical friction and mobility of the electrons in the LSMO film. Various manifestations of 

the stick-to-sliding transition of the tip-sample contact in CR-AFM was further studied through 

drop in the resonance amplitude and nonlinearity in CR curves under small contact forces and 

large excitation amplitude conditions. 

 

IN-16 

Atomic scale phase separation tendencies in nanostructured copper alloys 
C. H. Liebscher, T. Meiners, C. Freysoldt and G. Dehm 

Max-Planck-Institut fuer Eisenforschung, Duesseldorf, Germany 

E-mail: liebscher@mpie.de 

 

A promising approach to increase the mechanical strength of metallic alloys is to reduce their 

grain size. Such nanostructured materials exhibit outstanding mechanical properties and grain 

sizes in the range of several tens of nanometers. One major issue of these materials is their 

intrinsically unstable grain structure, while being exposed to elevated temperatures. Alloying 
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with immiscible elements has a great potential to increase their structural stability and 

mechanical strength at high temperatures. 

In the present contribution, we will first show a strategy to stabilize nanocrystalline, 

metastable copper (Cu)- chromium (Cr) alloys by thin film deposition. Besides summarizing 

the influence of Cr on the microstructural evolution and mechanical properties of the films, we 

will also focus on a nanoscale phase separation that occurs in a film with 33 at. % Cr. This 

material is stabilized in the body centered cubic (bcc) crystal structure and advanced 

transmission electron microscopy (TEM) establishes a nanoscale phase decomposition. Its 

influence on the microstructural stability and strength of the material will be discussed. 

In the second part, we will present a systematic study on the effect of tantalum (Ta) and 

zirconium (Zr) segregation to grain boundaries in copper. Both elements have shown to be 

promising candidates for stabilizing the grain structure in nanocrystalline Cu alloys. Here, we 

establish the atomic scale origins of segregation induced structural transitions at defined Cu 

grain boundaries through alloying with Ta and Zr. In the case of Ta, we observe the formation 

of nanometer sized Ta particles, which impede grain boundary motion. Whereas Zr is causing 

a disordering of the grain boundary structure and induces confined structural transitions. 
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Machining represents a process where high-speed deformation is present. Such a condition has 

a big influence on the dynamic response of the material and on the subsequent matter’s micro-

structure. In the present work, after cutting pearlite-ferrite steel, attention has been paid to the 

characteristics of the material in frictional contact with the rake surface of a cutting tool. The 

material affected by that friction presents a unique microstructure as a consequence of a 

recrystallization process. The evaluation of microstructure morphology, effects density, 

mechanical properties and chemistry revealed an extreme refinement of the grain size, well 

under the typical sizes found after industrial recrystallization. This microstructure, which 

resembles the hallmark aspects of both hot and cold severe forming, has demonstrated a 

particular mechanical behaviour, including an uncommon reduction of the elastic modulus and 

enhanced strength. Measurements of such strength gave values three times over that of the 

original material. These findings are discussed in the context of structure refinement. We argue 

that typical mechanisms of bulk plasticity are hampered by two factors: (i) a microstructure 

broken down into grains of 70 nm and (ii) a force dissolution of pearlitic carbon into a 

supersaturated ferrite. Since typical dislocation-based plasticity would be limited, some new 

characteristics of emerge, like a reduced young modulus and enhanced mechanical strength, 

points observed in out measurements. 
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Magnetic data storage devices are controlled by magnetic fields generated using electric 

currents. This involves significant power dissipation by Joule heating effect. To optimize 

energy efficiency, manipulation of magnetic data with lower magnetic fields (i.e., lower 

electric currents) is desirable. This can be accomplished by reducing the coercivity of the 

actuated material by, for example, an externally applied DC voltage (i.e., electric field). A new 

material concept to enhance magnetoelectric effects (i.e., control of magnetism with voltage) 

and improve energy efficiency is presented in this work. The investigated material consists of 

an ordered array of Co-Pt micro-disks, in which nanoporosity and partial oxidation are 

introduced during the synthetic procedure to synergistically boost the effects of electric field. 

The micro-disks are grown by electrodeposition from an electrolyte containing an amphiphilic 

polymeric surfactant. The bath formulation is designed to favor the incorporation of controlled 

amounts of oxygen in the form of cobalt oxide. A pronounced reduction of coercivity (88%) 

and a remarkable increase of Kerr signal amplitude (60%) are observed at room temperature 

upon subjecting the micro-disks to negative voltages through an electrical double layer. These 

large voltage-induced changes in the magnetic properties of the micro-disks are due to: (i) the 

high surface area-to-volume ratio with ultra-narrow pore walls (sub-10 nm) that promote 

enhanced electric charge accumulation and (ii) magneto-ionic effects, where voltage-driven 

O2- migration promotes a partial reduction of CoO to Co at room temperature. The reported 

approach can be extrapolated to other magnetic systems to foster electric-field control of 

magnetism in technologically relevant applications such as spintronics and magnetic actuators. 
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Size- and surface effects on the behavior of nanoscale objects – such as nanowires – are of 

interest from a fundamental science point of view; they also provide new handles for materials 

design towards technologically interesting functionality or mechanical behavior. While 

isolated nanoscale objects are readily synthesized, it remains challenging to assemble them into 

nano materials, that is, aggregates that can be upscaled to macroscopic dimensions and that 

support shaping into engineering parts. Networks made by 3D lithographic techniques are 

under consideration, yet the number of microstructural elements that can be assembled (in the 

order of 1000) fall well short of the 10 15 objects per mm 3 that are required for a nanomaterial 
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with 10 nm structure size. This emphasizes the power of dealloying, a controlled corrosion 

process that provides uniform network of struts or “ligaments” with a well-defined size in the 

low nanoscale regime in the form of monolithic, mm- or cm sized bodies. Making 

nanomaterials by dealloying thus underlines once more the versatility of a key strategy of 

materials science, namely exploiting the thermodynamics and kinetics of metallurgical 

microstructure evolution for shaping materials properties in essentially scalable processes. Yet, 

while the geometry of designed and lithographically made networks is known by construction, 

that of dealloying-made metal networks is a priori unknown and requires advanced 

characterization approaches. Recent studies of the mechanical behavior reveal that the classic 

set of parameters of porous solids, namely solid fraction and the characteristic microstructural 

length scale (ligament size) does not provide a sufficient basis for understanding strength and 

stiffness. Instead, the topology of the networks – and specifically a scaled topological genus – 

is important. This property evolves systematically during synthesis and processing, with 

profound ramifications for the mechanics. The talk will address selected aspects of the state-

of-the- art in microstructure evolution during dealloying and during ageing of dealloying-

derived microstructures, with an eye on their impact for the effective mechanical materials 

behavior. 
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Nanoporous Cu and Au has recently been studied in view of different applications in catalysis 

or biosensing, and as an interesting nanomaterial in itself. Thiols, selenoles and other surfactant 

molecules readily adsorb on alloys based on Au and Cu - forming often self-assembled 

monolayer films which inhibit corrosion and dealloying reactions. While then protecting the 

used alloys up to higher applied potentials, the corrosion reaction on inhibited surfaces 

proceeds in a more dangerous, localized, pitting-type process instead of a homogeneous mode. 

Due to a volume change of nanoporous fractions cracks can occur within the pits which may 

serve as nucleation point for crack propagation and lead to failure under load. The detailed 

behavior critically depends on the surface orientation and the surface morphology. While on 

atomically flat and single inhibitor-covered surfaces always cracks appear, these cracks can be 

avoided by using an inhibitor mix and laterally structured adsorption domains. 

Different means, including microcontact printing, can be employed to create 

inhomogeneous or laterally structured adsorbate inhibitor films leading to locally different 

dealloying behavior. Next to furthering our understanding of corrosion processes and 

illustrative insight in the working mechanisms of adsorbate inhibitors, the resulting laterally 

heterogeneous dealloying reactions can as well be employed to create hierarchical nanoporous 

films. Studying the mechanisms of the local failure of nanomaterials is an important 

contribution as well to understanding the stability of nanostructured materials. 
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Dealloying associated with selective dissolution of an element from binary or ternary alloys 

has emerged as a new technique for the synthesis of nanoporous as well as nanomaterial. Till 

date, various types of catalysts, like electrocatalyst, photo catalyst, etc., have been prepared 

using this technique. However, the electrolyte used for dealloying can contain heavy metal 

ions, like Zn, Mn, and Ni after the completion of dealloying and this electrolyte can be 

considered as “dealloying waste” posing hazards to the environment. Present work reports the 

synthesis of different textures of nano-sized ZnO either using remaining electrolyte after 

making nano-porous Ag from Ag-Zn alloy powder in acidic medium or by dealloying Ni-Zn 

alloy powder in basic medium. The recovery of Zn ions from the remaining solution in the first 

instance is in the form of ~50 nm nano-cuboids of ZnO. Hence, the complete strategy of 

synthesis and recovery makes this technique a “green approach” for nanomaterial’s synthesis. 

However, in the second instance, flowerets consisting of nanorod petals of ZnO having a mean 

aspect ratio 8 (length = 356 nm and diameter = 42), supported on micron sized Ni-enriched 

particles of size in the range of 1–4 m and subsequently, free-standing pure ZnO nanorods from 

mechanically alloyed Ni-Zn powder particles via selective leaching in NaOH solution. The 

mechanism and reaction chemistry of different nano-textured ZnO formation and growth have 

been explained. The as-prepared flowerets show the photocatayltic activity towards the 

degradation of Methylene Blue (MB) dye. 
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Carbon is a very versatile element that can crystallize in the forms of diamond or graphite. 

There are many noncrystalline carbons, known as amorphous carbons. An amorphous carbon 

with a high fraction of diamond-like (sp3) bonds is named diamond-like carbon (DLC). Unlike 

diamond, DLC can be deposited at room temperature. Furthermore, its properties can be tuned 

by changing the sp3 content, the organization of the sp2 sites, and the hydrogen content. This 

makes DLC ideal for a variety of different applications. I will overview the main properties, 

preparation approaches and application areas for graphene and related materials in relation to 

the development of amorphous and diamond like carbons from the initial studies to their 

widespread application in a variety of technology areas. I will consider in particular protection 

layers for the food and hard disk industries, as well as applications in wearable and flexible 

electronics, composites, coatings and optoelectronic devices.   
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In all solidification processes, different parts of the solidifying mass cool at different rates 

which has a bearing on the structure of the undercooled liquid. In other words, crystals forming 

in the different parts of the mass actually solidify in liquids of different structures; the 

difference being subtle or large. The structure of super cooled liquid in the form of glass has 

been studied in much more detail with far higher comprehensive understanding as compared 

to the structure of liquid. A complete understanding of the structure of the under-cooled liquid 

will entail information about short range order (SRO), medium range order (MRO) and 

information about the open space. The interrelation between these three also needs to be 

understood. New tools like fluctuation electron microscopy and angstrom beam diffraction 

have been used along with the traditional imaging and diffraction tools for understanding all 

aspects of the structure. In a bulk glass rod, the glass and the crystals in the central region, pre-

peripheral and peripheral region have been examined.  The structure of glass has been probed 

in these three regions with all the aforementioned tools and the differences in structure has been 

brought out to delineate the effect of cooling rate on the structure.  The structure of glass next 

to the crystal at the crystal/glass interface and its structure away from the interface have been 

examined. The effect of structure of supercooled liquid/glass on the morphology of the crystals 

has been probed. It could be clearly seen in these studies that he structure of glass is different 

at the crystal/glass interface as compared to the one away from the interface and the medium 

range order in the glass increases with decreasing cooling rate. The cooling rate was found to 

have a significant effect on the structure of the undercooled liquid and the structure of super-

cooled liquid/glass influenced the formation of the crystals.  
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The low-frequency vibrational spectra of glasses exhibit universal characteristic features not 

found in their crystalline counterparts. This anomaly which represents an excess of modes in 

their low-frequency part of the vibrational density of states g(ω), with respect to the Debye ω2 

law, appears as an asymmetric broad peak in inelastic light and neutron scattering experiments 

and is termed as the Boson peak. This is a signature of the presence of medium-range 

correlations in glasses. The short-range structure of glasses is well-represented by high-

frequency Raman bands corresponding to the vibrations of the atomic polyhedra. Bulk elastic 

properties, such as, Youngs’ modulus, bulk modulus and shear modulus, can be extracted from 

Brillouin scattering spectroscopy. Hence, a combination of these techniques can provide a 

better understanding of the glass structure at various length-scales. In this study, low-frequency 

and high-frequency Raman scattering and Brillouin scattering techniques have been employed 

to understand the alkali-cation dependence of the Boson peak, polyhedral vibrations and 

acoustic modes for the glass-forming tellurites, 0.12M2O:0.88TeO2 (M = Li, Na, K, Rb and 
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Cs).  The network-polyhedral stretching vibrations at ~ 680 cm-1 and 775 cm-1 red-shifted with 

increasing mass of alkali cations. Similar effect was observed for the Brillouin modes and the 

Boson peak. This indicates that the heavier mass of the alkali cations not only reduces the 

elastic modulus of the glass, but also weakens the intra-molecular interactions in the glass 

network. The medium-range correlations estimated from the position of the Boson peak 

indicates an increase with increasing cation size. The increasing size of the cation from Li+ to 

Cs+, while preserving the charge of the alkali ion, helps distribute the same electric charge on 

larger number of anionic structural groups of the network, and may thus, increase the 

correlations. 
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Nano-structured Bainite is formed at a very low transformation temperature leading to a highly 

refined structure (20-40nm ferrite lath thickness). Thus, it is possible to obtain a notable 

strength of ~2.3GPa with a ductility of ~30%. The austenite retained between the layers of 

bainitic ferrite accounts for the TRIP effect and hence the high ductility. The carbon rejection 

from ferritic laths and austenite stabilization are the major factors controlling the kinetics of 

phase transformation.  

Although ausforming is known to increase the rate of transformation in case of upper 

bainite, it did not have the same effect on low temperature bainite. For every ausforming 

temperature there was a critical strain above which the mechanical stabilization of austenite 

took place, retarding the decomposition of austenite into bainitic ferrite. The value of this 

critical strain decreased with an increase in the deformation temperature. Further the 

accumulation of dislocation debris gave rise to thinner bainitic ferrite plates with lower final 

volume fraction of bainite. 3D Atom Probe Tomography was recently employed to understand 

the effect of ausforming on defect formation and carbon redistribution at the nano-scale. 
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In recent years, research on nanocrystalline ceramics prepared by mechanical treatment, in 

particular high-energy ball milling, has considerably increased. One of the reasons is that 

mechanochemistry has been recognized as an efficient approach to tailor energy storage related 

materials with improved structural and ion transport properties. 

We review work from our and other laboratories. Emphasis is on lithium-ion conductors 

which serve both as model systems for fundamental studies and as potential battery materials. 

Investigations in particular by solid-state nuclear magnetic resonance and impedance 

spectroscopy techniques on Li ion dynamics and diffusion are presented. 
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The examples include ion conductors in crystalline, nanocrystalline, nanoglassy and 

glassy forms. Whereas nanostructuring of microcrystalline materials by ball milling generally 

leads to a substantial increase of the diffusivity, that of glassy samples, resulting in nanoglasses, 

induces a decrease. In systems which form both a glass and a crystal a convergence of the 

respective Li diffusivities with progressive ball milling has been observed as a generic feature. 

Similarities and differences between nonmetallic and metallic nanoglasses are to be discussed. 
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In this work, nanosized Mg substituted hydroxyapatite and nanosized Mg and F co-substituted 

hydroxyapatite are synthesized by microwave synthesis method. Mg substitution is expected 

to improve the bioactivity of the hydroxyapatite (HA) and F substitution is known for 

improving the chemical and thermal stability of the HA. The synthesized powders are 

characterized by XRD for phase analysis and by STEM detector associated with the FESEM 

for particle size and morphology. The XRD analysis of the as synthesized powders clearly 

shows that the synthesized powder is a single phase hydroxyapatite (HA). The Mg substituted 

HA and Mg-F co-substituted hydroxyapatite particle sizes observed to be around 50-60 nm. 

The thermal stability of the synthesized powders are assessed by heat-treatment at 900℃ for 2 

h.  After heat-treatment at 900℃ for 2 h the HA powders decomposed into HA and β-tricalcium 

phosphate (β-TCP). The amount of TCP phase found to be less in F co-substituted Mg 

hydroxyapatite as compared to the Mg substituted hydroxyapatite. This clearly indicates that 

the F co-substitution improved the thermal stability of the nanosized Mg substituted 

hydroxyapatite. 
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Room temperature multiferroics are technologically relevant class of materials with their 

applications in diverse areas such as novel sensors, multiple-state memory elements and more 

recently in new generation solar photovoltaics. However, they are not nature-abundant and only 

few compounds demonstrate tangible effect at temperatures suitable for commercial 

applications. Thus, designing and developing new multiferroics with room temperature or 

close-to-room-temperature effect is a challenging area of research for materials engineers. The 

present work shows that nanostructured transition metal oxides can demonstrate novel crystal 

symmetries favourable for multiferroism. Using ab-initio electronic structure calculations 

together with hydrothermal synthesis and subsequent characterization, the evolution of room 

temperature multiferroism in gallium ferrite nanoparticle and strontium manganate nanowire 

is studied 
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With the rise of nanotechnology and the advances in interdisciplinary research, two 

dimensional (2D) nanomaterials, such as graphene, have received intense global interest due 

to their unique physical and chemical properties over traditional materials. The mechanical 

properties of graphene based nanomaterials are characterized using density functional theory, 

molecular dynamic simulation as well as theoretical predictions. Atomistic molecular 

dynamics (MD) models will be constructed for the in-plane mechanical properties of surface 

functionalized and planar hybridized graphene. The effect of grain boundary on mechanical 

properties of polycrystalline 2D materials will also be addressed in this project by the stress 

contour analysis using MD simulations and modified dislocation theory. Surface 

functionalization and in-plane hybridization are investigated for the manipulation of 

mechanical as well as thermal properties of 2D graphene structures. Investigations about the 

principle and mechanism for the mechanical properties and behavior of graphene based 

nanomaterials are critical to its functional design and application in flexible devices and next 

generation electronics. 
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The structural Al alloys have been developing to get high strength and ductility, since structural 

metals require high strength for safety and high ductility for easy fabrication or high reliability. 

However, nearly all of fabrication ways for increasing strength inevitably sacrifice ductility. 

For practical application of Al alloys, many alloys should be under went the thermomechanical 

treatments including solution treat, aging and the plastic deformation like a cold and hot 

working to acquire appropriate properties including the strength, ductility and toughness. The 

general morphology attained by conventional fabrication method, the total sum of trade off 

relation, here, strength and ductility is not increased. During plastic deformation, for example, 

hot working over the recrystallization temperature could not show effective strengthening, 

while, the cold working under the recrystallization temperature must show the drastic decrease 

of ductility. While conducting the studies on aging and deformation behavior of Al alloys, we 

found that cold worked specimens at room temperature had higher strength and ductility than 

as-aged counterpart. This is extremely unique phenomenon since ductility drop is inevitably 

accompanied with cold working. For this, we deliberately utilized the non-conventional 
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microstructure of discontinuous precipitate, which later turned into nano-lamellar precipitate, 

by over-aging. The nano-lamellar phase in Al matrix is aligned and plastically elongated along 

the deformation direction during working showing simultaneous increasing strength and 

ductility, even though, plastic deformation was carried out at room temperature. The 

microstructure evolution during plastic deformation was observed by high resolution image 

and its behavior was analyzed by first principle calculation and finite element method. 
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Nano-oxide dispersion strengthened (n-ODS) Fe-18 Cr steel, fabricated using the powder 

metallurgy route, is characterized by sub-micron grain size and dispersoids in the size range 3 

to 5 nm. Further, the grain size remains stable up to a temperature as high as 1273K since the 

dispersoids effectively pin the grain boundaries. Additionally, the dispersoids do not coarsen 

even up to a temperature of 1473 K. Hence, the n-ODS Fe-Cr steel are expected to exhibit 

outstanding creep resistance. The objective of the presentation is to evaluate the creep 

behaviour over a range of stress (150 to 400 MPa) and temperature (923 to 1023 K) and 

understand the behaviour utilizing the concept of threshold stress modified to take into account 

the dislocation detachment from the dispersoids. 
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Electropulsing (EP) or application of high density electric current pulse on metals has recently 

gained its importance. Most of the EP experiments conducted for grain refinement are given 

pre-deformation to enhance dislocation density. The additional dislocations so created get 

mobilized under the influence of the electric pulse of high current density and rearrange 

themselves to give rise to new boundaries that have high angle of misorientation and refined 

or recrystallized smaller grains. Severe plastic deformation of low carbon steel using equal 

channel angular pressing (ECAP) route, produces ultrafine-grains with high dislocation 

density. ECAP of Low carbon steel up to εvm=6 was subjected to EP at ambient temperature. 

The current density was 14 kA/mm2 for a time period of 358µs. EBSD and TEM studies 

confirm that some high angle grain boundaries produced during ECAP have converted into low 

angle grain boundaries with an increase in average grain size. TEM results also confirm that 

there is a migration of grain boundaries and rearrangement of dislocations produced during 

ECAP process to form low angle grains. From (110) peak of X-ray diffractions it is confirmed 

that crystallite size increases, strain decreases, and dislocation density decreases after EP 

treatment. The decrease in strain and dislocation density is also reflected in decrease in the 

hardness value measured. High velocity electrons or electron wind force exerts force on certain 
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grain boundaries through which they can get easy free path. A mechanism is proposed to 

explain the resulting microstructure. 
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Light amplification by stimulated emission of radiation (laser) can act as a coherent, 

monochromatic and directed energy heat source capable of delivering sufficient power/energy 

density to heat, melt or vaporize almost all solids in air, under controlled atmosphere or under 

any other fluid medium with unparalleled precision and accuracy. Laser is equally suited from 

large scale conventional to diverse, sophisticated and precision manufacturing applications 

either for tailoring only the surface or layer by layer direct manufacturing of the entire 

engineering component. Ultrafast heating/cooling accompanying transient melting and 

solidification under large thermal gradient allows development of completely metastable or 

non-equilibrium microstructure and phase aggregate either layer-wise or on the surface and 

hence offers a unique advantage over conventional material processing. However, integration 

of each small melt pool created either by a short pulse or interaction time into a three-

dimensional body or over large surface area is a challenge both in terms of evolution of 

mechanical properties and microstructure and phase aggregate.  

In the present talk, an interesting set of examples of laser assisted surface engineering 

and bulk manufacturing of selected metallic alloys and composites will be presented with an 

attempt to correlate the microstructure-property-process parameters of the concerned systems 

or components. Interesting features governing the metastability of microstructure and phase 

aggregate and related mechanical properties will be discussed. Finally, challenges and utility 

of some of the on-going studies on developing compositionally and functionally graded 

materials and components for futuristic aerospace application will be highlighted. 
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The severe plastic deformation (SPD) is one of the most effective methods to improve the 

functional properties of Ti-Ni shape memory alloys (SMA). It allows formation of an ultrafine-

grained structure which is characterized by the best combination of the SMA functional 

properties. Development of SPD methods are concluded in a searching for thermomechanical 

procedures which allow producing bulk samples with a nanocrystalline structure. SPD of Ti-

50.9 at.%Ni SMA for medical use was carried out using the multi-axial deformation MaxStrain 

module of the Gleeble system at 330-350°C with accumulated true strain from e=6.6 to 9.5. 
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Kinetics of martensitic transformations were studied by DSC method, the structure features 

and crystallographic texture development using X-ray diffractometry and TEM. The 

recoverable strain was studied using a bending mode for strain inducing. A mixed 

nanocrystalline and nanosubgrained structure with average grain/subgrain size below 100 nm 

has been formed as a result of SPD. The resulting nanostructure provides an obvious advantage 

in the completely recoverable strain as compared to reference treatments (conventional 

quenching or non-severe deformation) 
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Additive (Layer) Manufacturing Process (AM, ALM) became an established and popular 

process in recent years. Precisely, this technology is as old as any general electric or gas 

welding technique. However, in today's major understanding, a 3D-printing or 3D-printing-

like process is the goal which insofar includes also net-shape forming with practically finished 

surface quality under fully automated and computerized control of materials flow. In fact, this 

concludes and represents one of the political key drivers for so called Industry 4.0. 

For the above, the potential number of candidates in functional materials is limited to 

those, that among other, provide powder or powder-in-slurry properties for a precise transfer 

into the "particle by particle" small forming focus of e. g. an ink-jet-head or to a corresponding 

thin layer powder bed. Thus, particularly powder materials are required that provide a 

controlled fine and spherical shape and in dry utilization with a low adhesion/agglomeration 

tendency. 

If it comes to HKP, this "High Kinetic Processing" technique represents the major route 

for reducing materials grainsize and nanostructural materials design in large volume at 

economic manufacturing and cost capability where the “nanostructure-making-equipment”, the 

Simoloyer® is well-known including technology and key advantages. 

This paper is seeking answers, if, how and to what extent, HKP-materials can be utilized 

in the AL/ALM-process since HKP most frequently results not in spherical but equiaxial and/or 

flattened particle shapes e. g. such as ductile metal flakes (DMF). 

One example given is from the ongoing Nanotune3D-project (EU-H2020 grant 

agreement No. 685952) where a novel dispersion strengthened Ti-6Al-4V-0,5dps powder/bulk 

(PM2019) targets ALM for consolidation. Dispersoids (dps) are Y2O3, SiC and core-shell 

SiC@TiO2. Enroute, the nanostructured powder composites are "pre-consolidated" by HIP and 

HP and subsequently atomized by EIGA to be commercialized in SLM and EBM processing. 

Second example is given from the revitalization of former Plansee PM2000 (19YAT) 

at Zoz with the mission of on-shelf material and on-developing to ODS 20YAl as well as 

14YWT nanostructured ferritic alloy (NFA). First 19YAT-product is available since Mai 2019! 
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The ball-milling has been extensively used for synthesized pure metallic and alloy 

nanomaterials. Most of the room temperature ball milling results in micron size particles 

aggregates consisting of nanosized grains. The direct ink printing, additive manufacturing, and 

other advanced materials processing techniques require well-separated nanoparticles colloidal 

of metal and alloy in large quantity with high purity. The in-house developed cryomill (KC0) 

has been used for synthesizing a different class of materials (metal: Cu, Zn, Fe, Mn etc; 

ceramic: ZnO, ZnS, NaCl, CsCl etc; polymer circuit board). The cryomilling technique offers 

significant advantages as compared to ball milling at room temperature; environmentally 

friendly nature, cost effectiveness, rapid grain refinement, less contamination and large-scale 

production capability of various nanomaterials. Scientifically, it exhibits several distinct 

material related phenomena; suppression of recovery and recrystallization, predominant 

fracturing over cold welding, significantly low oxidation and contamination, leading to rapid 

grain refinement. The materials processed using low-temperature milling does not need the use 

of process control agent (PCA) that can contaminate the powder with carbon and oxygen. 
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composites by combined use of mechanical alloying and spark plasma 
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N. F. Shkodich1, K. V. Kuskov2, A. A. Nepapushev2, I. D. Kovalev1 and Yu. B. Scheck1 
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Combination of refractory metals with low-melting electro/heat conducting Cu opens up a way 

to designing novel materials for various applications in modern engineering. Such Cu-based 

metal matrix composites, also called pseudo alloys, possess excellent mechanical, electrical, 

and thermophysical properties for high-temperature high-current applications. Fabrication of 

high-quality Cu-based pseudo alloys requires that initial components should be intermixed on 

a nanoscale level. In other words, refractory nanoparticles must be uniformly distributed over 

a Cu matrix. However, it's complicated because low mutual solubility, high difference in 

melting points and densities, and high wetting angle; and these difficulties cannot be overcome 

via conventional melting and casting methods, but potentially can through the use of 

mechanical alloying (МА). 

In this work, we report on fabrication of nanostructured Cu–Cr–W pseudo alloys with 

different W content by combined use of MA and spark plasma sintering (SPS). XRD and SEM 

results have shown that the Cu–Cr–W composite prepared by processing in a high-energy ball 

mill “Activator 2S” for 150 min represents the Cu matrix uniformly doped with nanograins of 

W (20–100 nm) and Cr (20–50 nm). It is worth noting that the Cu–Cr–W structures formed 

during HEBM are retained after SPS-consolidation. The Vickers microhardness of thus 

produced Cu–Cr–W pseudo alloys exceeds that of Cu, Cr, and W by a factor of 30, 9 and 3, 

respectively. MA leads to a fivefold increase in the microhardness of consolidated Cu–Cr–W 

pseudo alloys compared to the alloys derived from non-activated powders. The maximum value 
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of Hv (9.5 GPa) was attained for composites obtained at 900 rpm and consolidated at 1000℃. 

Electrical conductivity of our Cu–Cr–W composites is higher than 25% of IACS, which is 

tolerable for its use as an electrical contact material. 
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Novel NiCx carbide with ZnS-sphalerite type structure 
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The nanoscaled (up to 20 nm) NiCx carbide has been synthesized from elemental nickel 

powder and the carbon nanotubes (CNTs) by mechanical alloying of the Ni:CNT (3:1) charge 

in a high energy planetary ball mill at room temperature. The NiCx phase with fcc lattice 

(a=0.35467(3) nm) forms in a charge after 60 min of milling, and its lattice parameter a steadily 

increases up to 0.35492(4) nm with further milling (270-360 min). According to the XRD 

crystal structure calculations NiCx phase crystallizes in the ZnS-sphalerite type structure (F-

43m space group, four Ni atoms are placed in 4(a) 0 0 0 and C atoms are placed in 4(c) 0.25 

0.25 0.25 positions). In addition, the value of occupation factor ranges from 0.11 (for 120 min 

of processing) to 0.33 (for 270 min). Powder obtained demonstrates interesting magnetic 

features, namely, the enhanced values of the Curie temperature (740 K) and the paramagnetic 

moment per Ni atom (~ 3 mB). Then the milled powder was sintered by HT-HP method (8 

GPa, 1200 and 1500℃) to study the mechanical characteristics of material obtained. Sintered 

samples contain NiCx carbide phase mainly (a = 0.3543-0.3548 nm, ZnS-sphalerite type 

structure, the occupation of 4(c) position by the carbon atoms varies from 0.33 to 0.44). The 

hardness values obtained from nanoindentation measurements for sintered NiCx carbide (x = 

0.33) reach 6.9-7.2 GPa while that for pure bulk Ni is equal to 0.638 GPa. 
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Metallic biomaterials are the best choice for load-bearing applications such as orthopedic and 

dental implants. Titanium and its alloys are widely tried for load-bearing medical implants due 

to its good biocompatibility, high corrosion resistance and high strength to weight ratio. 

However, the bioactivity of titanium, i.e., ability to form a hydroxyapatite (HA) layer, similar 

to the mineral phase of the bone on its surface in biological environment is still poor. On the 

other hand, magnesium and its alloys have the favorable properties for degradable materials 

targeted for temporary implants in cardiac and orthopedic applications. But, controlling the 

degradation rate is still the crucial issue in developing magnesium-based implants. As cells live 

in a nano-featured environment of a complex mixture of pores and fibers of extracellular 

matrix, there is a great interest in the formation of ultrafine/nano grain materials to enhance its 

bio-functionalization. Severe plastic deformation (SPD) processes have the potential for 

achieving considerable grain refinement, typically to the sub micrometer or nanometer level. 

The application SPD processes to develop fine grain titanium and magnesium-based materials 

for implant applications seems to be a promising strategy in developing new generation 

metallic biomaterials. For titanium, increased mechanical properties and bioactivity are the 
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benefits achieved with nanostructuring. However, for magnesium, controlled degradation due 

to higher biomineralization with enhanced tissue response are the advantageous of grain 

refinement. A comprehensive summary of the progress achieved using SPD processes in 

developing ultra-fine grain structured titanium and magnesium for implant applications will be 

presented. Role of submicron to nano grain size in enhancing the bio-functionalization will 

also discussed. Overall, the feasibility of commercial production of nanostructured metallic 

implants will be highlighted. 
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Kinetics of corrosion plays decisive role in the service life of engineering structures, which is 

intimately connected to atomic, microscopic and macroscopic constituents of engineering 

alloys. In fact, in order to significantly raise life of engineering structures it is imperative to 

understand temporal corrosion processes at submicroscopic and atomic levels. As engineering 

alloys are microscopically complex having multiple “corrosion defects” and they are not 

amenable to resolve the role played by each of them. Amorphously alloys being chemically 

homogeneous and having the ability to introduce phases of interest are versatile materials to 

resolve these issues. Using Al-based metallic glasses as cases, this talk will highlight the role 

of (a) coordination of atoms, (b) selective diffusion of alloying elements to the surface and (c) 

depletion or enrichment of active/passive/corrosion resistant alloying elements in the matrix or 

the precipitates and (d) size effect of precipitates on the passivity and localized corrosion 

resistance of metallic alloys. 
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Adhesion of bacteria on various biomaterial surfaces 
Fahad Alam1, Arindam Raj2 and Kantesh Balani3 
1Masdar Institute of Technology, Abu Dhabi, UAE 
2Yale University, New Haven, USA  
3Indian Institute of Technology Kanpur, India 

E-mail: kbalani@iitk.ac.in 

 

Post-surgery bacterial infection becomes very traumatic for patients. Thus, selection of 

antibacterial materials in eliciting enhanced resistance to bacterial adhesion is the major 

concern. In this work, attachment of S. Aureus gram positive bacteria on various substrates i.e. 

metallic (316L stainless steel and Ti-6Al-4V), polymeric (ultra-high molecular weight 

polyethylene, UHMWPE), and ceramic (hydroxyapatite, HA) is analyzed. The adhesion 

strength of bacterium is evaluated by gluing S. Aureus on the cantilever of tip-less atomic force 

microscope. Lowest adhesion strength of bacterium observed on UHMWPE surface contrast 

with conventional results of lowest colony forming units (with most %dead bacteria on HA 

surface. Computational modelling has been utilized to visualize the adhesion of bacterial 

surface proteins with biomaterial surfaces. Further, Ag, and ZnO antibacterial agents have 

shown a reduction in the adhesion strength (down to 2.6-3.2 nN) when compared to that of 

UHMWPE (~4.0 nN). For assessing tribological damage, fretting damage has elicited 

enhanced damage with ZnO reinforcement, whereas Ag elicited reduced damage tolerance in 
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pin-on-disc wear. Nonetheless, ZnO has observed to be an agent to enhance bioactivity, 

whereas Ag emerges as a more potential antibacterial agent. Thus, an optimal Ag/ZnO 

combination has elicited an enhanced tribological resistance, and enhanced bioactivity while 

providing antibacterial efficacy in UHMWPE matrix. 

 

KN-13 

Heterogeneities in metallic glasses: Atomistic computer simulations of 
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Heterogeneities in metallic glasses, ranging from intrinsic structural fluctuations to crystalline 

secondary phases, affect the mechanical properties and an understanding of their nature and 

behavior is required for deriving proper structure–property relations. In single-phase glasses, 

intrinsic heterogeneities are often discussed in terms of soft spots or geometrically unfavorable 

motifs (GUMs), which can be considered to be mechanically weaker, defective regions of the 

glass. 

By means of molecular dynamics simulations we investigate the relation between these 

motifs and the boson peak, an anomaly in the vibrational spectrum of all glasses, and analyze 

various amorphous and partially amorphous samples as well as high-entropy alloys. Then we 

investigate composites ranging from low crystalline volume fraction up to systems which 

resemble a nanocrystalline metal and derive a mechanism map for composite systems. Finally, 

we study the influence of glass-crystal interfaces on the mechanical response under 

conventional and elastostatic loading conditions and reveal the role of rejuvenation effects. 
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Magnesium is one of the most abundant and non-toxic element available in planet earth 

including its hydrosphere making it sustainable in a diverse spectrum of applications.  It is the 

lightest metallic element capable of structural applications and weight reduction in movable 

and portable devices/systems and hence can be instrumental in significantly mitigating 

greenhouse gas emissions and enhancing human comfort. However, unlike currently used 

neurotoxic aluminum-based materials, the number of magnesium-based materials is limited 

thus limiting its use in widespread applications. Intense research on developing new 

magnesium-based materials is being carried out for almost two decades focusing on enhancing 

the properties through processing, composition and heat treatment controls and through the use 

of composite technology. In the context of composite technology, the presence of 

reinforcement at nano-length scale is being particularly instrumental in improving an array of 

physical, mechanical, thermal and biological response of magnesium. The present talk will 

accordingly focus on highlighting the fascinating and unexpected response of magnesium 

matrix in the presence of nanolength scale reinforcement particles. 
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The shear band multiplication process, a necessary requirement to distribute the strain over a 

large volume, is the key to develop metallic glasses with improved ductility. However, the 

complex dynamics of shear banding remains rather unclear because of the spatial and temporal 

confinement. Using molecular dynamics simulations, we provide an atomistic description of 

the shear band multiplication mechanisms in a heterogeneous metallic glass consisting of two 

distinct amorphous regions with different amounts of free volume and degrees of short-range 

order. The structural differences and elastic fluctuations encountered by the developing shear 

band while crossing the interface between the two regions alter the autocatalytic activation of 

the shear transformation zones and, subsequently, lead to shear band branching. The two-unit 

STZ-vortex mechanism is used as a diagnostic to highlight the fundamental characteristics of 

shear band branching and to derive an atomistic description of the shear band multiplication 

mechanism in metallic glass heterostructures. 
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The Ni2Si intermetallic compound was known to have semiconducting property and is used in 

the form of nano fiber for the interconnector, the ohmic contact and the gate material in 

integrated circuit. One dimensional nanometer sized intermetallic compound cannot be made 

by the conventional method including drawing or extrusion. However, if the very small size of 

intermetallic compound were produced by conventional processing including drawing or 

extrusion which is accompany by plastic deformation, it would be a breakthrough or good 

suggestion for making nano sized intermetallic compounds. In this study, we demonstrate that 

nano fibers of Ni2Si intermetallic compound can be fabricated by the “conventional way” of 

room temperature mechanical drawing of bulk Cu-Ni-Si alloy matrix which is undergone 

simple heat treatment to precipitate the fiber-like Ni2Si intermetallic compounds. The 

prolonged aging of Cu-Ni-Si alloy encouraged the discontinuous precipitation of Ni2Si 

intermetallic compounds with several tens of nanometers in diameter. The Cu matrix 

containing the fibers of Ni2Si intermetallic compound was then plastically deformed by a 

drawing process at room temperature to produce uni-directionally aligned Ni2Si fibers of 

several nanometers in diameter and several microns in length. The unique phenomena that the 
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very brittle Ni2Si intermetallic compound were plastically elongated even after room 

temperature working was elucidated by the high-resolution image analysis and first principle 

calculations-based density functional theory. 
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My way to high-entropy materials 
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Nano-materials often exhibit attractive properties. Church stained glass and precipitation 

hardening alloys are famous examples of nano-materials. “High-entropy materials (HEMs)” 

have become a new emerging field. They possess four core effects. Many potential applications 

are possible. However, it is inspired by my nano-materials research. In my research career, I 

have experienced a trip from nano-materials to high-entropy materials. I developed stained 

glasses having yellow or orange color from nano-colloidal color centers for yellow windows 

of lithography yellow rooms and for yellow cat-eye road studs installed on the road for traffic 

safety. In addition, I also developed multi-colored glass products called chalcedonia glass by 

use of nano-colloidal color centers. In parallel, I researched precipitation-hardenable 7000-

series Al alloys for my master and PhD thesis. After graduation, in order to improve both 

strength and toughness, I invented rapid solidification technique called twin-disk method to 

produce bamboo-like flaky powder under a cooling rate of 106~9 K/s for fabricating 

nanostructured aluminum alloys. I further invented reciprocating extrusion technique to obtain 

nanostructured Al and Mg bulk alloys under large accumulated deformation like that in equal 

channel angular process. However, both invented thermal and mechanical routes are not 

practical and have their own commercial limitations. To break through these limitations, I 

finally invented high-entropy alloys (HEAs) via compositional route in 1995 and explored the 

unknown world afterwards. I also extended HE composition concept to HE ceramics and 

composites from 2003 and thus HEMs are activated. Medium-entropy alloys (MEMs) and 

medium-entropy materials (MEMs) are also brought out consequently. Thus, HE and HE-

related materials construct a huge materials space for people to find new opportunities for 

academic study and advanced applications. Now, driven by HE composition concept, multi-

element and trans-element designs will make the elements of periodic table become fully 

active. We might expect HEMs to solve the bottlenecks of conventional materials. 
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Nanotechnology and smart wearables 
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Nanomaterials, nanotechnology manufacturing, and circular economy vision are symbiotically 

related to the materials innovations.  Together they enable better living – clean air, water and 

energy, health and wellbeing, smart living and transportation, safety and security, and 

sustainability.  Electrospinning has been developed as a viable manufacturing method for 

producing a range of nanofibers and nanoparticles of polymers, metals, ceramics, carbon, and 

their hybrids for demanding applications.  It has also evolved into a 3D printing method, and 

preparation of new types of feedstock for 3D Printing. Functional nanomaterials by 

electrospinning enable advances in air filtration, water purification, clean energy generation 

and storage, controlled drug delivery, tissue engineering, regenerative medicine, food 
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packaging, high performance apparel, electronic-skin, wearables, and light-weight, damage 

tolerant materials for transportation, electricity transmission, buildings and construction. They 

also enable self-cleaning, super-hydrophilic, super-hydrophobic, and anti-microbial surfaces. 

This lecture provides an overview and discusses emerging opportunities 
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The state of the art of the tracer diffusion measurements in high-entropy alloys (HEAs) is 

presented with a focus on the CoCrFeNi and CoCrFeMnNi alloys. A radiotracer technique is 

applied to determine the true tracer diffusion coefficients of all constituent elements in the 

CoCrFeNi and CoCrFeMnNi alloys. Both bulk and grain boundary diffusion contribution are 

recognized and evaluated using the tracer diffusion measurements in single- and polycrystals. 

Origin of the ‘diffusional’ high-entropy effect is analyzed by precise diffusion measurements 

in fcc CoxCrxFexMnxNi100-x alloys. 

Furthermore, diffusion-couple experiments following a pseudo-binary approach are 

combined with the radiotracer measurements and composition-dependent tracer diffusion 

coefficients are determined. An application of a mixture of the isotopes to the contact (internal) 

and external surfaces is shown to provide fundamentally new insights into the appearance of 

up-hill diffusion phenomenon in HEAs. It is shown that the tracer diffusion in high-entropy 

alloys cannot be a priori considered as sluggish and the diffusion behaviour depends strongly 

on the crystalline structure. 
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The mechanical properties of high entropy alloys (HEAs) are expected to be strongly affected 

by solid solution strengthening. Varvenne et al. developed a theory for describing the solid 

solution strengthening in fcc HEAs [Acta Mater. 118 (2016), 164] which uses the atomic size 

difference δ as a measure for the extent of lattice distortion. Due to its simplicity, we 

investigated if the δ-concept could also be applied to describe solid solution strengthening in 

bcc HEAs. Providing single-phase microstructures, dislocation mediated plasticity and varying 

atomic size differences in a wide range, NbMoCrTiAl and its derivatives are well-suited for 

studying the impact of δ on solid solution strengthening in concentrated bcc substitutional solid 

solutions. The extent of lattice distortion was varied systematically, adjusting the Cr and Nb 

concentration in above quinary system. Thus, it was possible to effectively suppress competing 

secondary intermetallic phases. Alloys were arc-melted and homogenized to attain a single-

phase microstructure. 
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Since BCC metals and alloys exhibit strongly temperature-dependent mechanical 

properties, nanohardness and yield strength were studied in the range between room 

temperature and 1200°C. Thereby, the relevance of Vickers hardness tests as a fast-screening 

method for the complete alloy series was discussed. Additionally, the athermal mechanical 

properties, i. e. nanohardness and yield strength at 400°C and 600°C, respectively, could be 

determined. The mean interatomic spacings of the alloys were determined by X-ray diffraction 

and used to recalculate the atomic radii for the individual elements within the alloy series. The 

contribution of lattice distortion to solid solution strengthening was revealed by correlating 

atomic size difference with the corresponding microhardness and athermal mechanical 

properties. The impact of varying elastic moduli is found to be minor without obvious 

correlation corresponding mechanical properties. 
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Bulk metallic glasses have attracted increasing attention in the past due to their excellent 

properties which are not achievable for the conventional crystalline materials. These properties 

are sometimes enhanced by suitable heat treatment. Bulk metallic glasses possess a unique 

combination of strength and toughness. The ability of this material to store a high amount of 

elastic energy has made it a potential spring material. High elastic limit and strength of high 

interest made them suitable for golf clubs or penetrators. Metallic glasses also exhibit desirable 

properties for bio-medical applications i.e. low modulus of elasticity resulting in stress 

shielding effect and good wear resistance to minimize wear debris formation along with 

corrosion resistance to withstand harsh in-vivo environments. 

The present paper deals effect of chlorides ions concentrations on corrosion and 

passivity of newly developed Zr42Cu50Ag8 BMG in various artificial physiological solutions 

such as artificial blood plasma (ABP), Hank’s, artificial saliva, Ringer's and phosphate buffered 

saline (PBS) solutions using potentiostat attached with impedance. The corrosion rate of 

samples in various physiological fluids were calculated and found to be least in ASS and PBS 

solutions with corrosion rate of 1.806 and 1.282 mpy as compared to increasing corrosion rate 

of 2.321, 5.620 and 7.482 mpy in ABP, Hank’s and Ringer’s solution respectively. The 

polarization resistance was observed about 48633, 95325, 135093, 39221 and 45006 ohms.cm2 

in the solutions of Hank’s, artificial saliva, phosphate buffered saline, artificial blood plasma 

and Ringers respectively. The lowest passivation tendency of newly developed BMGs was 

found in artificial blood plasma solution due to presence of high aggressive of chlorides and 

other ions as compared to other physiological environment. 
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The Al8Co17Cr17Cu8Fe17Ni33 compositionally complex alloy is a completely homogeneous 

alloy, after a correct homogenization treatment (1250℃ - 1 h, Ar atmosphere) and subsequent 

quenching, and crystallizes in a disordered fcc structure. Investigation through extended X-ray 

absorption fine structure (EXAFS) spectroscopy determined differences in the local 

environment of each element in the alloy. Mean interatomic distance and static disorder 

(“Debye-Waller” factor) values will be presented for the Al8Co17Cr17Cu8Fe17Ni33 alloy treated 

at different annealing temperatures (1100℃ - 1 h, 950℃ - 1 h, 910℃ - 1 h), compared amongst 

each other and related to the homogenized & quenched state. EXAFS measurements were 

carried out in different synchrotrons and at different temperatures (T = 295 K, T = 20 K): 

transition metal atoms data were collected at the ESRF (Grenoble, France) and at the BESSYII 

(Berlin, Germany), while Al was investigated at the PSI, (Villigen, Switzerland). Low 

temperature measurements were carried out in order to substantially reduce the dynamic 

disorder. A few of the pre-cursor alloys, binary (e.g. FeNi), ternary (e.g. CoFeNi, CrFeNi), 

quaternary (CoCrFeNi), quinary (Al4Co24Cr24Fe24Ni24) and pure metal references are included 

in the comparison in order to get a clearer picture and understanding of the more complex 

Al8Co17Cr17Cu8Fe17Ni33 alloy. Refinements on EXAFS data collected for the 

Al8Co17Cr17Cu8Fe17Ni33 alloy annealed at 1100℃, 950℃ and 910℃ allow to gain first insights 

on the formation of the secondary γ‘phase, which forms when annealing below T = 900℃, by 

comparison with micro/nano-hardness measurements. 

 

CN-25 
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There have been over 150 kinds of composition about refractory High-Entropy alloys (RHEAs) 

published since 2010. The first two pioneer works were MoNbTaW and MoNbTaVW. These 

two RHEAs have the excellent elevated-temperature yield strength which are around 400 MPa 

at 1600℃. However, until now, no other RHEAs could top them. Therefore, in this study, 

equiatomic MoNbTaWX, X = Cr, Hf, Ti, V and Zr were designed through solid-solution 

strengthening calculation and the melting point estimated by rule of mixture. Finally, the 

Hf0.5MoNbTaW and HfMoNbTaW alloys were chosen and analyzed by XRD, SEM, EDS, 

hardness, room-temperature and high-temperature compression test. Better elevate strength 

than MoNbTaVW was achieved. The reasons are discussed. 
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In the present study, a novel lightweight nanocrystalline AlFeCuCrMg1.5 high entropy alloy 

(HEA) synthesized through mechanical alloying followed by spark plasma sintering (SPS). 

Microstructure and phase analysis of powder and SPSed specimens were performed using 

XRD, SEM, and TEM. Formation of natural oxide on the surface of air exposed HEA, after 

seven days, was analyzed by X-ray photoelectron spectroscopy (XPS) technique. The 

elemental identification and quantification of an oxidized surface were obtained from a survey 

scan and quantification of survey spectra respectively. The result shows various oxides such as 

Al2O3, MgAl2.2O4.75, MgAl2.2O4.9, MgAl2O4 are present at the surface. Furthermore, depth 

profiling performed on the HEA, through argon ion sputtering up to 597 min in order to 

understand the natural oxide film growth behavior in detail. 
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Fe based nanocrystalline soft magnetic materials such as (Fe-Si-B-Cu and Fe(Co)-Zr-B-Cu 

alloys) exhibit excellent soft magnetic properties due to their dual microstructure consisting of 

nanograins of Fe3Si/Fe(Co) phases embedded in the amorphous matrix. However, they were 

developed from conventional crystalline alloys such as pure Fe, FeSi steel and FeCo alloys. 

Similarly, FeNi based crystalline alloy (permalloy) also possess excellent soft magnetic 

properties, however, few reports are available in the literature on the FeNi based 

nanocrystalline alloys. Hence an effort is undertaken to develop FeNi based nanocrystalline 

alloys by substituting Ni for Fe in (Fe1-aNia)88Zr7B4Cu1 (a = 0, 0.1, 0.2. 0.3......... 1.0) alloys. 

All alloys were melt spun at different wheel speeds (17 to 47 m/s) to evaluate its glass forming 

ability. The ribbons prepared at the wheel speed of 47 m/s were annealed at different 

temperatures and characterized using X-Ray Diffraction (DSC), Differential Scanning 

Calorimetry (DSC) and Transmission Electron Microscopy (TEM).  

The complete amorphous phase formation takes place only for a = 0, 0.4 and 0.5 alloys 

at the highest wheel speed (47 m/s) condition. Remaining ribbons are partially crystalline and 

the crystalline phases are bcc solid solution (bcc-SS) for lower Ni concentration up to a = 0.2 

and fcc solid solution (fcc-SS) beyond a = 0.5. Ribbons annealed after 1st exothermic peak 

observed in DSC (450/500℃) show formation of bcc-SS at low Ni concentration (up to a = 

0.4) and fcc-SS at higher Ni concentration (beyond a = 0.6), whereas a = 0.5 ribbon show the 

formation of both bcc-SS and fcc-SS. Ribbons annealed after 2nd exothermic peak observed 
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in DSC (620/750℃) show the formation of Fe3Zr at low Ni concentration up to a = 0.3 and 

Ni5Zr from a = 0.4. 
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Among various shape memory alloys (SMAs), Ti-Ni based alloys have attracted much attention 

because of their superior shape memory property. On the other hand, due to low workability, 

the conventional way for producing Ti-Ni based SMA is confined to thermomechanical 

processes such as forging, rolling and drawing. Recent study shows that such low formability 

of SMA can be overcome by using metallic glass precursor exhibiting glass transition, i.e. 

thermoplastic forming of amorphous alloy in the supercooled liquid state followed by 

crystallization into nanocrystalline structure exhibiting superior superelastic property. 

In the present work, with an aim to develop proper glassy alloy precursor for SMA, 

glass forming ability, crystallization behavior and subsequent superelastic property in 

quaternary Ti-Zr-Ni-Cu alloys are investigated. The result shows that the GFA exhibiting a 

critical thickness larger than 100μm can be obtained by increasing both liquid stability and 

resistance to crystallization. The glassy Ti-Zr-Ni-Cu alloys with proper alloy composition are 

polymorphically crystallized into B2 structure, and the grain size after crystallization decreases 

significantly by accelerated nucleation process, leading to enhancement of the stability of 

austenite. Thus, the critical stress for slip deformation increases, improving the superelastic 

recovery. Considering both glass forming ability and superelastic property, the 

Ti35Zr15Ni35Cu15 alloy is confirmed to be the most suitable alloy satisfying wide supercooled 

liquid region (~40 K), large maximum thickness for amorphous alloy formation (~100μm) and 

excellent superelasticity after crystallization (~7.2 % remnant depth ratio). 
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Oxygen is a well recognized contaminant in many bulk metallic glasses (BMGs). This element 

is very difficult to avoid due to high oxygen affinity of most metals. There are two obvious 

ways of oxygen pollution: impurity of raw materials and preparation procedures (melting). 

Oxygen mainly influences the glass forming ability (GFA) of bulk metallic glasses, although 

mechanical properties are usually significantly affected as well. Such a strong detrimental 

effect has been already reported for many Zr-based alloys, some Fe-, Ti-based and even Pd-

based BMGs. However, there are some reports of oxygen beneficial influence on the GFA of 

some Zr- and Fe-based alloys. 

In this talk we will briefly review some literature and own studies results of oxygen 

content detrimental effect on BMG’s GFA. We will show significant changes of both critical 
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diameter (Dc) and thermal indicators (based on alloys characteristic temperatures) caused by 

oxygen impurities. Oxygen content qualitative influence on the Dc. The importance of oxygen 

level measurements will be discussed in the view of various GFA results comparison. 
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Metallic glasses and their composites demonstrate a unique combination of properties and 

processing ability. Some of these amorphous alloys promise a combination of strength and 

fracture toughness unseen in conventional structural materials. Novel multi-scale 

manufacturing of these materials has been utilized for a range of applications in energy 

conversion and storage. There is limited understanding of surface degradation behavior in these 

alloys in terms of corrosion and wear, the mechanisms for which will be discussed for several 

canonical examples. Site-specific deformation and electrochemical response of these alloys 

will be presented for a mechanistic understanding of their bulk behavior. 

 
IN-27 

Engineered multilayers on glass for aesthetics and solar protection 
Soumyadeep Misra 

Saint Gobain Research India, IIT Madras Research Park, Chennai, India 

E-mail: soumyadeep.misra@saint-gobain.com 

 

Glass façade is now being extensively used in commercial buildings as well as in residential 

sites. Use of glass façade in a building not only improves aesthetics of the building but also 

helps in cutting heat. Depending on the type of glass and functional coating on the surface it 

can control the amount of heat entering the building. For example, solar control glasses 

selectively block heat component (infra-red radiation) allowing visible light to pass through 

enabling better thermal comfort and allowing more natural light into buildings. Further, it 

reduces the work load on the heating, ventilation and air-conditioning system saving energy. 

Energy saving can be significant for large buildings, especially the commercial ones where 

window to wall ratio is considerably higher. Functional coating on glasses not only provides 

better thermal comfort but also reduces glare and helps comply with green building norms. 

These solar control functional coatings are accomplished using a multilayer stack 

having different material composition containing metal or metallic nitrides, often referred to as 

functional layers, deposited on glass using magnetron sputtering. Functional layers are 

normally sandwiched between two protective dielectric layers and based on the complexity and 

the application multiple functional layers can also be used. Typically, the performance of a 

coated glass is evaluated based on level of light transmission, solar factor, emissivity, reflection 

and transmission color. During the multilayer stack design, thickness and sequence of each 

layer are carefully adjusted such that each of the above requirements are individually 

addressed. 

In the presentation a general overview will be given about state-of-the art solar control 

glasses and it will be shown using optical simulation how a multilayer stack can be engineered 

to satisfy performance and aesthetics requirement. 
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The Fe-based amorphous alloys shows good soft magnetic properties and have acquired 

interest in energy sectors due to their potential applications in cores of distribution 

transformers, motors of electric vehicles etc. The aim of this research is to understand the 

variation of structural, thermal and magnetic properties of same alloys with their geometrical 

size variation.  The alloys with nominal compositions of Fe76B18Nb6 (A1) and Fe74B18Nb8 (A2) 

are prepared in the form of as-cast bulk rod (diameter 2mm) and melt spun thin ribbon 

(thickness 60µm). The presence of broad hump of XRD pattern confirms the amorphous 

structure of ribbons, whereas the multiple sharp peak indicates the crystalline nature of rod 

samples. This structural change of rods and ribbons occurs because of different cooling rate 

occurred in different casting techniques and size variation. There are no transition peaks in the 

DSC thermograms of rods due to its crystalline nature.  In contrast, ribbons show temperatures 

for glass transition and onset of primary crystallization peaks at 468 and 493℃, respectively 

for alloy A1 and 519 and 560℃ respectively for alloy A2. The activation energy (ET) of alloys 

A1 and A2 for primary crystallization, calculated by Kissinger equation are found 375.46 and 

419.kj/mol, respectively. The higher value of ET for alloy A2 shows the enhancement of 

thermal stability with increasing Nb content in the alloy.  The rods show minor hysteresis loop 

at lower magnetic field (H) and its coercivity increases with increasing H. While ribbons A1 

and A2 show a coercivity of 23 and 10 A/m, respectively. Higher saturation magnetization of 

rods (1.43 and 1.3 T) than ribbons (1.1 and 0.93 T) is due to the large volume fraction of 

ferromagnetic α-Fe phase. 
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The liquid fragility, which describes how rapidly the viscosity of a material increases as it is 

cooled toward the glass transition, reflects the bonding nature of atoms in the liquid. Moreover, 

the viscous flow becomes more sluggish as the atoms in the glass forming liquids forms much 

denser packing with a reduction in free volume. To deeply study the underlying nature, we put 

forward an idea of the onset viscosity of crystallization [η(Tx)] upon heating which can be 

calculated for a variety of glass forming systems depending on the definition of m and VFT 

expression. The results show that η(Tx) of the MGs display system-specific, and each system 

starts to crystallize at one neighboring viscosity except a few cases which are attributed to the 

different precipitated crystals and/or special crystallization preludes. In addition, the viscosity 

variation interval (∆lgη) upon the supercooled liquid region is put forward to be useful to 

predict the thermoplastic formability and describe the kinetic stability of MGs. The wide ∆Tx 

and broad ∆lgη should be an improved description of high stability of metallic glass. A simple 

estimation of ∆lgη merely based on the thermodynamically characteristic temperatures is 
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proposed. Meanwhile, the correlation of supercooled liquid region breadth (∆Tx) with the 

reduced glass transition temperature (Trg), critical cooling rate (Rc) and liquid fragility index 

(m) for metallic glasses (MGs) are also analyzed, among which the solid relation between ∆Tx 

and m is confirmed. 
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Nanoporous metals are advanced materials constituted by ligaments and pores which size can 

range from tens of nanometers up to microns. This imply a wide variety of properties that can 

allow their use in different applications ranging from catalysis, biosensors and substrates for 

surface-enhanced Raman scattering (SERS). In this work, a continuous Fe70Pd30 layer 

(thickness ranging in the interval 50-200 nm) is deposited by rf-sputtering. Pd-rich nanoporous 

thin films were produced by dealloying a polycrystalline solid solution of Fe70Pd30 (at. %) by 

free-corrosion at room temperature in a aqueous solution of 2 M HCl. During this process, the 

Fe less noble atoms were partly dissolved in the electrolyte leaving a nanoporous film enriched 

in the Pd noblest atoms. The evolution of the morphology, stoichiometry and crystal structure 

was investigated. The roughness of the films increases increasing the dealloying time. After 2 

hours of dealloying, the sample developed a hierarchical structure of pores and ligaments. The 

room-temperature hysteresis loops were measured by magnetometry. Removing the iron from 

the alloy results in a noticeable decrease of the magnetic moment and in the development of a 

paramagnetic phase. Moreover, the mechanism for the rotation of the magnetization and the 

value of the coercive field are affected by the nanostructuring process which takes places 

promoted by the dealloying process. 

Meso- and nanoporous materials show a noticeable SERS effect, which is one of the 

most promising methods for the detection of small concentration of organic molecules and 

nanoparticles. In order to investigate the presence of SERS effect in the aforementioned 

samples, we use as a probe molecule bipyridine in ethanol with different concentration. Indeed, 

a SERS enhancement was found, and the detection limit was estimated for a bipyridine 

concentration of 10-12 M. 
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It is believed that supercapacitors could replace 50% of lithium-ion batteries by 2030. Metal 

oxides are known to possess various functionalities and potential materials for charge storage. 

A few transition metal oxides are found to be good charge storage materials, RuO2 being the 

most prominent one. In this context, active metal oxides, sulphides and their composites are 

being investigated currently as supercapacitor electrode materials. It is important to synthesize 

nanoscale oxide materials with different morphologies to enhance the energy storage and 

cycling stability. Our search for efficient nanostructured oxide materials to improve the energy 
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storage led to the investigation of various simple and mixed metal oxides, graphene based-

oxide composites and sulphides with exotic morphologies. An overview of the synthesis 

strategies and the influence of nanostructures of metal oxides on charge storage properties will 

be discussed. 
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While it is a widely -known that size variation on the scale of nanometer greatly influences the 

magnetic and ferroelectric states of materials, that size can be an influential parameter even on 

a very large length scale (microns) in determining the crystal structure and ferroelectric 

properties of ferroelectric/multiferroic systems is relatively less known. From our own research 

on wide ranging ferroelectric systems, we present two case studies to demonstrate the great 

influence of size variation on scale of microns in dramatically affecting the structure and 

properties. First, we take an example from the multiferroic alloy system BiFeO3-PbTiO3 and 

demonstrate a coupled magneto-ferroelectric transformation (from a paramagnetic-tetragonal 

ferroelectric to an antiferromagnetic-rhombohedral ferroelectric state) when size is reduced to 

~ 0.5 micron. The second example is taken from our recent work on Na0.5Bi0.5TiO3-based lead-

free piezoceramics wherein we demonstrate that size variation in the range of 1 – 30 microns 

can considerably alter the nature of the ferroelectric distortion perceived on the global sale. We 

have exploited these new findings to provide a coupled microstructure-crystal structure 

mechanism which for the first time explains the mechanism behind the tailoring of 

depolarization temperature in this class of piezoceramics from a fundamental structural 

perspective.   
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The successful extraction of graphene from Graphite by Andre Geim and Konstantin 

Novoselov opened up new areas in the realm of materials science. The subsequent 

investigations led to the discovery of new 2D materials namely hexagonal boron nitride (h-

BN), transition metal dichalcogenides (TMDs), layered transition metal oxides, inorganic 

graphene analogues such as silecene, germanene and phosphorene etc. One attribute of all the 

above materials is that they are layered in their bulk form wherein the individual layers are held 

together by van der Waals forces of attraction. This is considered a precursor to the 

development of van der Waals (vdW) solids. Exfoliating atomically thin layer from non-

layered precursors was not attempted much as evident from literature. We embarked on an 

investigation into extracting atomically thin layers from their non-layered precursors. In this 

talk, we will discuss the exfoliation of two new 2D materials namely Hematene and Ilmenene 

from their naturally occurring ores. The talk will also cover some of the recent investigations 

that we have carried out on their applications especially on their magnetically ordered ground 

state as well as fabrication of a heterojunction with Titania nanotubes for enhanced visible light 

photo electrolytic water splitting. These results will be presented here.   
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Coherently embedded Ag nanostructures were fabricated using Ge and SiOx reaction at the 

interface of Ag and single crystalline Silicon. The nanoparticles have been imaged with 

transmission electron microscopy and are used towards the applications so as to detect 

nanomolar concentration of bio-molecules. The SERS signal strengths and hence sensitivity 

for detection has been studied as function of various shapes of Ag nanostructures. In another 

set of studies, MoOx layers are grown both in CVD method and in MBE methods, resulting in 

α-MoO3 and β-MoO3 respectively. These nanostructures have been used to study field emission 

properties and other applications. This talk would deal with growth, structure determinations, 

and physical properties of variety of Nanostructures. 

 

CN-31 
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Thermoelectrics have gained increasing recognition as the sustainable source of electric energy 

that can be able to meet a wide range of applications. The energy conversion efficiency of the 

thermoelectric (TE) materials is determined by the dimensionless figure of merit (ZT), which 

depends on the thermal and electrical conductivity, the Seebeck coefficient and the temperature 

gradient. But the major barriers to mainstream the use of TE devices in the practical application 

are their low ZT and high cost.  

Because of the flexibility of fabrication and cost effectiveness, filled CoSb3 

skutterudites are considered as promising thermoelectric (TE) materials with the objective of 

using them in TE devices for waste heat recovery at 573 K - 773K temperature range in 

automotive applications. The cages present in the skutterudite lattice can be filled with heavy 

atom, which acts as rattlers and reduces the lattice thermal conductivity. In this work, we have 

investigated a series of n-type filled skutterudite (Dy0.4Co4-xNixSb12 (x=0, 0.1, 0.2), Te0.4Co4-

yNiySb12 (x=0, 0.3, 0.5) and Ba0.4Co4Sb12 (with the dispersion of oxide nanoparticles)) samples 

processed by powder metallurgy route. It is found that the samples are of nanostructure in 

nature. With increase of doping concentration, substantial decrease of electrical resistivity and 

thermal conductivity are observed in the filled skutterudites. Power factor > 5 mW/mK2 is 

achieved in the Ni doped Dy filled sample (Dy0.4Co3.2Ni0.8Sb12). Ni doping in Dy0.4Co4Sb12 

sample reduces the lattice thermal conductivity to ~ 0.3 W/mK at 773 K, that arises due to the 

enhancement of the phonon scattering from the lattice mismatch and nano size impurity 

scattering centres. As a result, higher ZT ~ 1.5 at 773 K is achieved in Dy0.1Co0.8Ni0.2Sb3, the 

highest ZT in single element filled skutterdites reported so far. Detailed investigations of the 

co-relation of the doping and nanostructuring effect on the enhancement of thermoelectric and 

mailto:manjusha.battabyal@gmail.com
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thermomechanical properties in filled skutterudites will be discussed within the scope of the 

presentation. 
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Magnetic nanofluid, commonly known as ferrofluid, containing surfactant coated magnetite 

nanoparticles (having mean size 11 nm) uniformly dispersed in water are synthesized by 

chemical co-precipitation method. The rheological properties of magnetic nanofluid at 

different concentrations of nanoparticle loading have been investigated by varying different 

parameters including the magnetic field strength. Shear thinning is observed in the non-

Newtonian magnetic nanofluids under the application of magnetic field. The observed increase 

in yield stress (calculated by fitting the Herschel and Bulkley model) with the applied magnetic 

field and concentration of dispersed nanoparticles confirm the formation of large aggregates 

that restrict or prohibit the flow characteristics of the otherwise Newtonian magnetic nanofluid. 

The hysteresis observed during the application and withdrawal of magnetic field suggests that 

the chain or column like structures fail to relax within the allowed measurement time interval. 

Besides external magnetic field, shear rate, time and hysteresis of magnetization also 

considerably influence the rheological properties. 

While studying dynamical properties of ferrofluid over an inclined Teflon coated 

hydrophobic glass substrate by applying an appropriate external magnetic field with or against 

gravity, it is noted that individual droplets may undergo deformation, distortion and tearing 

into satellite droplets (pearling) depending on the combined effect of strength and velocity of 

the magnet, concentration of dispersed nanoparticles, inclination angle, capillary number and 

magnetic bond number.  
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Industries are progressing towards product miniaturization in order to facilitate the product 

usage in terms of its compactness, portability, energy-efficiency and performance. 

Microforming has emerged as an effective micro-manufacturing technique to address the 

current rising demand of micro-components in the fields of consumer electronics, avionics and 

biomedical equipment. The production rate and yield of micro-components via microforming 

is potentially much higher than other established micro-manufacturing processes. However, 

effective material deformation in microscale remains a big challenge, which limits the wide 

industrial practice of microforming. The difficulty arises when the specimen size become 

equivalent to the grain size of the material. This causes fewer numbers of grains to be present 

in the deformation zone and thereby leads to deviation from the expected trend in the 

deformation and increased scatter. Therefore, a possible solution to tackle the size-effect is by 

increasing the number of grains in the deformation zone of the micro-samples. This can be 

achieved via suitable microstructural modification and engineering ultrafine grained (UFG) 

and nano grained microstructure in the material. However, the microforming capability of UFG 

has rarely been investigated. The underlying micro-scale deformation mechanism of the UFG 

materials has not been fully understood. Research in this area can have a profound impact on 

the future quality and cost of the micro-components and in turn into the devices that uses these 

micro-components. For this purpose, a systematic investigation of microstructure-

microformability correlation on Al alloys have been studied in the present work. This includes 

studying the micro-scale deformation behaviour and microformability of materials with 

varying grain sizes ranging from nano/ultrafine to coarse and alloy chemistry. This knowledge 

bank can be further broadened to encompass microforming of various geometry, materials and 

strain paths.   
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Defects in materials at nanoscale seem to play important role in structural transformations. It 

will be shown that defects are important for structural phase transformations as well as for 

manipulation of functional properties of materials. Former will be illustrated through 

experimental studies on Au-Cu alloy nanoparticles whereas latter will be substantiated through 

magnetic transition in Mn and Fe doped MoS2. It will be argued that size of the system needs 

to be incorporated in studies of thermodynamics of phase equilibria at nanoscale. Examples 

from our recent experiences on Au-Cu alloy nanoparticles with the help of nano-beam electron 

diffraction will be presented to corroborate above claims. The Au-Cu nanoparticles displayed 

several intermediate phases through heat-treatments in solution as well as in solid state. They 

have been understood through invoking defects (viz. vacancies and/or chemical ordering) in 
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the system. Defects are also shown to influence magnetic transitions in Mn and Fe doped MoS2 

synthesized hydro-thermally. 
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Two-dimensional graphene-based nanocomposites are emerging as a new class of materials 

with excellent electrical, thermal, optical and mechanical properties, leading to their potential 

application in different areas, such as photovoltaics, sensors, batteries, photocatalyst and 

nanoelectronics.  The study of decorating the graphene sheets with inorganic functional 

materials such as metals, metal oxides and metal sulfides is now becoming a promising and 

challenging area of research.  In this study, reduced graphene metal-oxide composites with 

SnO2, CeO2, RuO2, V2O5, Co3O4, MoS2 and CdS have been synthesized by homogeneous co-

precipitation method. Multi-layered composite structures with 1 D carbon nanotubes integrated 

with 2 D graphene structures with the addition of 3 D bulk nanoparticles have been prepared. 

The electrochemical properties of Graphene-metal oxide composites reveal that these materials 

can be effectively used as electrodes for supercapacitor application with improved specific 

capacitance, higher power density and cyclic stability.  Flexible free standing reduced graphene 

oxide (rGO) papers have been fabricated by evaporation induced self-assembly process.  

Functional devices like bimorphic actuators, flexible solid-state supercapacitors and solar cells 

have been fabricated using the rGO papers. 
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Extended X-ray Absorption Fine Structure Spectroscopy (EXAFS) measurements at the 

Advanced Photon Source synchrotron source was used to study the local composition and 

structure of a model, bi-phasic nanoglass with nominal stoichiometry Cu55Nb45. Three-

dimensional atom probe data suggested a nanoscale-phase-separated glassy structure having 

well defined Cu-rich and Nb-rich regions with a characteristic length scale of the order of 3nm. 

However, EXAFS analysis of Cu and Nb edges indicated subtle differences in the local 

environments of Cu and Nb. While the Cu atoms displayed a strong tendency to cluster and 

negligible structural order beyond the first coordination shell, the Nb atoms had a larger 

fraction of unlike neighbors (higher chemical order) and a distinctly better-ordered structural 
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environment (higher topological order). This provides the first direct evidence for metallic 

glass formation due to frustration arising from the competition between chemical ordering and 

clustering. Our study indicates that these nanoscale phase-separated glasses are quite distinct 

from the single phase nanoglasses (studied by Gleiter and others) in the following three 

respects: (i) they contain at least two structurally and compositionally distinct, nanodispersed, 

glassy phases, (ii) these phases are separated by atomically sharp inter-phase boundaries, and 

(iii) thermally induced crystallization occurs via a complex, multi-step mechanism. Such 

materials therefore appear to constitute a new class of disordered systems that may be called a 

composite nanoglass. 
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Cuprous oxide (Cu2O) nanoparticles are synthesized by aqueous precipitation method. The 

phase, morphology, composition, structure and optical properties of as-prepared Cu2O were 

characterized by X-ray diffraction (XRD), Field emission scanning electron microscope 

(FESEM), transmission electron microscope (TEM), and UV-vis spectrophotometer. X-ray 

diffraction pattern reveals a single-phase cubic structure of Cu2O nanoparticles. FESEM and 

TEM studies have shown that as prepared Cu2O nanoparticles are spherical. The studies on 

SEM and TEM show that the size of these nanoparticles is approximately 36 nm. The Cu2O 

nanoparticles show an absorption band at 560 nm. This synthesis procedure of monodispersed 

Cu2O nanoparticles should allow further examination of their various properties as a function 

of particle sizes. 
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Although it is widely believed that dynamical behavior is linked to the atomic structure of the 

liquid, this has been difficult to demonstrate experimentally. While the viscosity of the liquid 

changes by orders of magnitude with temperature, changes in the structure static structure 

factor, S(q), or pair correlation function, g(r), are almost negligible. However, the recent 

development of containerless processing methods and the introduction of intense X-ray and 

neutron sources have enabled these changes to be accurately measured in equilibrium and 

deeply supercooled liquids. Some of the key results are discussed here. 

Molecular dynamics (MD) and experimental studies of the viscosity identify a 

crossover temperature near to the liquidus temperature. The MD studies suggest that this marks 
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the onset of cooperative atomic behavior in shear flow. Inelastic neutron scattering data are 

presented that partially support this. Additional results are presented that confirm a general 

correlation between dynamics and structure in metallic liquids. They also point to a 

microscopic origin for liquid fragility, with the atomic potentials for stronger liquids having a 

steeper repulsive part and less anharmonicity. Fragility and the reduced glass transition 

temperature are widely believed to correlate with glass formability. It will be shown that both 

quantities can be accurately calculated from properties of the high temperature liquid. A new 

method for predicting glass formation that uses a combination of these liquid data and the liquid 

structure will be presented and discussed. 
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Poisson’s ratio is commonly used as a criterion to gauge the brittle-ductile transition in glasses. 

However, our data, as well as results in the literature, are in conflict with the concept of 

Poisson’s ratio serving as a universal parameter for fracture energy. Our correlative theoretical 

and experimental data reveal that the fraction of bonds stemming from hybridised states 

compared to the overall bonding can be associated with damage tolerance in thin film metallic 

glasses. 

Utilizing a similar computational approach, we have systematically studied the effect 

of transition metal valence electron concentration (VEC) of amorphous T0.75Y0.75B14 (a 

T0.75Y0.75B14, T= Sc, Ti, V, Y, Zr, Nb) on the elastic properties, bonding, density, and electronic 

structure using ab initio molecular dynamics. It is shown that the presence of oxygen impurities 

disrupts the strong B network causing a concomitant decrease in molar density and Young’s 

modulus. 

In an effort to merge the above discussed research areas amorphous (Co7.7Ta)1-xBx 

covering the B concentration range between 1.7 and 92.2 at. % B were investigated 

theoretically and experimentally. A B concentration of 55 at. % appears to mark the transition 

from predominantly metallically bonded amorphous borides to primarily covalent bonded 

amorphous borides. 
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It is widely reported that oxygen has a detrimental effect on the glass forming ability of Zr 

based BMGs. In the meantime, Zr like Ti can readily absorb oxygen during melting processing. 

Due to these, many of the laboratory based Zr based alloys were developed based on high grade 

and costly crystal bar Zr, which prohibited the wide application of Zr based BNGs. Here we 

report our systematic study on the effect of oxygen on the glass formation and mechanical 

properties. We have found that better glass formers with better mechanical properties can be 

obtained in the Zr based alloys with high oxygen content. Our findings provide an important 

insight into the mechanism of the oxygen on glass formation. Armed with these findings, we 
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have designed new BMGs with low-grade materials and low processing cost for their industrial 

applications, which are even better than high grade materials. 
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Although mechanical properties of crystalline materials can be well described by defect based 

microstructure, a well-defined structure feature which dominates the mechanical properties of 

metallic glasses is still missing. Here we report that nanoscale spatial heterogeneity of metallic 

glasses is the inherent structure feature and has an intrinsic correlation with the strength and 

flow behaviour. The strength and Young’s modulus of metallic glasses can be well defined by 

the function of inverse square root of the characteristic length of spatial heterogeneity. 

Moreover, the stretching exponent of strain relaxation can also be quantitatively described by 

the characteristic length. Our study provides compelling evidence that the spatial heterogeneity 

is a feasible structural indicator for portraying mechanical properties of disordered metallic 

glasses. 
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Atom probe tomography (APT) is a powerful tool for three-dimensional chemical mapping of 

solids with near-atomic spatial resolution. To date, most APT analyses have been performed 

on bulk or thin-film materials and only a few methods have been proposed for the investigation 

of nanoparticles by means of APT. The fabrication of APT samples from nanoparticles poses 

a great challenge, where two main issues must be overcome. First, nanoparticles must be well 

embedded in a matrix suitable for APT analyses without any nano- or micro-voids. The latter 

can cause premature fracture during APT analyses and artifacts in APT data reconstruction and 

should therefore be avoided. Second, structure and composition of the nanoparticles should be 

preserved as well as possible during the embedding process to acquire meaningful data, which 

can be related to the original freestanding nanoparticles. 

In this work, we present a novel approach for preparing APT specimens from Pd and 

Pt electrocatalyst nanoparticles. This method is based on electrophoresis of nanoparticles on a 

substrate followed by electroplating of a metallic layer. Using transmission electron 

microscopy (TEM) we could observe that particle shape and size were well preserved after 

these two process steps. We could routinely prepare APT specimens from the deposited 
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nanoparticle/metal films using focused-ion-beam milling (FIB). Using APT we were not only 

able to map the elemental distribution within the nanoparticles but also the distribution of 

surfactants, i.e. stabilizing and shape-controlling agents, used in the synthesis of the 

nanoparticles. 
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With the advances in nanoindentation measurement instrumentation and the associated testing 

methodologies, high speed indentation mapping with indents that take less than a second to 

perform, is now possible. This enables mapping large areas with thousands of indents within a 

few hours which is extremely useful to measure the local mechanical properties of multi-phase 

alloys, coatings and small volumes of materials. The combination of high-speed mapping 

techniques and the continuous push towards understanding the mechanical properties of small 

volumes of materials, has now put greater emphasis on the minimum spacing of indents. In this 

work, a critical assessment of the minimum spacing of indents is performed by a combination 

of extensive indentation experiments (~ 50000) and finite element simulations. It was found 

that a minimum indent spacing of 10 times the indentation depth is sufficient to obtain accurate 

results for a Berkovich indenter.  This is less than half of the commonly followed criteria of 

spacing the indents three times the size of the indent, which for a Berkovich indent, is 

approximately 20 times the indent depth. Similar results were also found for other indenter 

geometries. The current results contradict the well accepted notion of non-overlapping plastic 

zones to determine indent spacing and are rationalized by simple indentation energy arguments 

and strength-based approach unlike the convectional plastic strain-based approach.  These 

results have significant ramifications for indentation mapping wherein the indents can now be 

placed much closer than what was traditionally accepted, which enables high resolution 

mechanical property mapping for effective coupling of mechanical properties and 

microstructure-based modeling within an Integrated Computational Materials Engineering 

(ICME) approach. Select case studies of the implications of the current work for multiple 

materials systems will also be presented. 
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Fe-based metallic glasses and nanomaterials exhibit excellent soft magnetic properties which 

makes them attractive from the application point of view. Thus, they can be used in high-

frequency high-power conversion. In order to design novel soft magnetic materials with 

required structure, it is important to understand the crystallization process of α-Fe crystallites. 

For this purpose, in-situ transmission electron microscopy experiments at various conditions 
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were performed. Fe67Co20B13 ribbons were fabricated by melt-spinning from previously casted 

ingots. The main part of the investigation was focused on transmission electron microscopy 

observations. In-situ experiments were carried out at wide temperature range of 25 – 600℃ 

using various heating rates. The thin foils for transmission electron microscopy measurements 

were prepared by electropolishing technique using an electrolyte of perchloric acid (20%) and 

methanol. The first in-situ experiment was performed with heating rate of 20℃/min and was 

divided into four steps, after each electron diffraction, high resolution observations as well as 

chemical analysis were carried out. Based on differential scanning calorimetry measurements 

the temperature of 388℃ was reported for the transition from amorphous to crystalline α-Fe 

phase. However, the first crystallites were formed at temperature close to 340℃. With the 

further increase of temperature, the crystalline volume increases. Thus, after second step at 

420℃, the grains identified as α-Fe located in amorphous structure were found. Further heating 

leads to appear of Fe2B phase which has negative influence on magnetic properties. The in-situ 

experiment performed with heating rate of 200℃ shown different behavior proving the 

dependence of ribbons structure on the heating conditions. 
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The Fe-Co-B soft magnetic materials exhibit a unique structure consisted of α-Fe grains with 

the size of dozen nanometers surrounded by remaining amorphous phase of a few nanometers 

in width. The type, distribution and volume fraction of both crystalline and amorphous phases 

affect on magnetic properties of these materials. In this work, we have examined the influence 

of heat treatment temperature on the structure and magnetic properties of Fe67Co20B13 ribbons. 

The alloy was prepared by induction melting followed by melt-spinning. The temperatures of 

annealing (370℃, 410℃, 485℃) were selected based on differential scanning calorimetry and 

were located within the first crystallization peak corresponding to primary crystallization of α-

Fe grains. The structural features of alloys were investigated by Transmission Electron 

Microscopy while magnetic properties were studied by Physical Properties Materials System. 

Based on transmission electron microscopy results, it was found that the melt-spun ribbon was 

almost fully amorphous with a few crystalline regions. Moreover, High Resolution Electron 

Microscopy observations allow to reveal a fine area of local ordering in amorphous matrix 

pointing the existence of middle-range ordering and consequently quasi-amorphous structure. 

The structure of ribbons annealed at 370 and 410℃ were composed of nanocrystalline α-Fe 

grains and amorphous matrix while the amount of α-Fe phase increases with the increase of 

annealing temperature. The alloy annealed at 485 α-Fe was almost fully crystalline, which 

negatively influences on magnetic properties. To sum up, the conditions of annealing ensuring 

the optimal soft magnetic properties were found to be 410℃/30 s. 
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Study of amorphous and nanocrystalline materials using X-ray diffraction experiments have 

been traditionally done using Pair Distribution Function (PDF) analysis using synchrotrons. 

Total scattering or pair distribution function analysis provides structural information from 

disordered materials by using the complete powder XRD pattern (Both the Bragg scattering, 

and the underlying diffuse scattering are determined). 

 Since the local structure of material can be scanned at atomic scale, it is particularly interesting 

for new age materials. Present study reports such a study performed by multi-purpose 

laboratory diffractometers. With high energy Ag (λ=0.0561 nm) and Mo (λ=0.0710 nm) X-ray 

sources and advanced GaliPIX3D detector (100% efficiency for higher energy radiations) on an 

Empyrean multipurpose diffractometer, PDF analysis can be performed at ambient and non-

ambient temperature. Some case studies of amorphous and nanomaterials will be discussed.  
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Atomic Realization of half-metallicity in low dimensional materials is a fundamental challenge 

for nano spintronics, which is a critical component for next-generation information technology. 

Using the method of generalized Bloch theorem, we show that an in-plane bending can induce 

inhomogeneous strains, which in turn lead to spin-splitting in zigzag graphene nanoribbons and 

results in the highly desired half-metallic state. Unlike the previously proposed scheme that 

requires unrealistic strong external electric fields, the obtained half-metallicity with sizeable 

half-metallic gap and high energetic stability of magnetic order of edge states requires only 

relatively low-level strain in the in-plane bending. Given the superior structural flexibility of 

graphene and the recent experimental advances in controllable synthesis of graphene 

nanoribbons, our design provides a hitherto more practical approach to the realization of half-

metallicity in low dimensional systems. 
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Owing to superior photocorrosion resistance, nontoxicity, and suitable band-edge positions, 

TiO2, both in rutile and anatase, appears as a promising material for gas adsorption. In this talk, 

through atomistic modelling, we shall examine the adsorption ability of TiO2 facets for 

different gases like CO2, NO2 etc. By blending the quantum mechanical phenomena and 

conventional chemical bonding mechanisms we will present futuristic designs where nanoscale 
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control of gas flow direction and surface orientation can lead to an analytical tuning of gas 

adsorption. For example, we will see how on one of the TiO2 surfaces, the adsorption energy 

for CO2 can be manipulated in an energy window of 1.5 eV by changing the gas flow direction. 

At the same time by changing the facet we will see chemisorption turns into physisorption for 

this molecule. As a corollary, we will discuss the possible applications of these designs in the 

area of energy harvesting and sensing. 
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We developed a method called motif extraction to determine characteristic short-range 

structures from metallic glass models using techniques in machine learning and applied to 

Zr50Cu45Al5 and Pd82Si18 models synthesized by molecular dynamics quenching. The models 

can be decomposed into a hierarchy of motifs with different coordination number, many of 

which are dense-packed Frank-Kasper polyhedra. In Zr50Cu45Al5, motif extraction shows that 

most of the clusters with icosahedral topology (<0 0 12 0> Voronoi indices) also have 

icosahedral geometry as determined by motif extraction, but that a significant fraction of the 

quasi-icosahedral topologies (<0 2 8 2>, <0 2 8 1>, <0 1 10 2> and <0 3 6 3>) are not 

geometrically icosahedral. 

In Pd82Si18, motif extraction uncovers a new cluster with bicapped square antiprism 

(BSAP) geometry which plays a key role in the glass transition. Like icosahedra in Zr-based 

glasses, the BSAP motif in Pd82Si18 exhibits preferentially slow dynamics in the liquid state 

and increases in concentration through the glass transition. However, it shares the <0 2 8 0> 

topology with another cluster with exactly the opposite behavior (fast dynamics and decreasing 

concentration), which mask its importance. These results suggest that a preferred local structure 

with slow dynamics may be a general feature of the glass transition in metals and emphasize 

the utility of structural analysis depending on geometry rather than topology. 
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Multicomponent systems and High Entropy Alloys show a significant potential for discovery 

of metastable phases and intriguing phase transformations pathways, especially due to sluggish 

diffusion kinetics. Phase selection in TiZrHfAl alloys was investigated using a combination of 

in-situ high energy x-ray diffraction, single-crystal x-ray diffraction and an electronic-

structure-based thermodynamic approach within the framework of the density functional 

theory. A range of composition was synthesized and characterized, with varying Al content 
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and modeled computationally in order to ascertain the composition dependent phase selection. 

The equiatomic TiZrHfAl composition was especially interesting, with a disordered bcc 

superstructure being observed, which was found to be stabilized by the presence of defects. In 

this paper, we highlight the significance of defects on structure selection in the TiZrHfAl 

system and discuss the mechanism of structural stabilization using the electronic-structure-

based thermodynamic approach. In addition to studying the energetics of phase selection, we 

have also assessed the effect of temperature and cooling rates on phase selection using in-situ 

synchrotron radiation. 
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Advanced nanobiomedical applications require sophisticated nanostructures to develop 

controlled local therapies with minimum side effects. Moreover, the capacity to combine 

different properties within the nanostructures offers the possibility to merge diagnostic and 

therapeutic applications. Here we present novel magneto-plasmonic (MP) nanodomes for 

multimodal imaging and efficient photo-thermal therapies. The MP nanodomes are composed 

of Fe/Au bilayer semi-shells on 100nm diameter polystyrene nanospheres, which are produced 

and functionalized using a cost-effective and scalable combination of bottom-up and top-down 

fabrication processes. The variation of the Fe/Au ratio enables tuning both the optical and 

magnetic properties of the nanostructures. The MP nanodomes exhibit very high absorption 

efficiency in the near infrared, whereas nanoparticles with single domain or vortex magnetic 

behavior can be achieved by tuning the Fe thickness. The MP nanodomes have an excellent 

optical heating efficiency with low toxicity in the range of concentrations useful for photo-

thermal therapy. In vitro photo-thermal treatments combining low nanodome concentration (10 

g/mL), short incubation time (3h), and mild near infrared laser intensity (5 W/cm2), have shown 

a virtually 100% decrease of cell viability after irradiation. Furthermore, MP nanodomes with 

high iron ratio offer several important advantages. The iron layer provides strong magnetic 

manipulation capabilities via magnetophoretic forces and very high T2 contrast for magnetic 

resonance imaging (MRI), which is substantially higher than that of commercial iron oxide 

nanoparticles. The combination of high photo-thermal efficiency and T2 MRI contrast at 

similar particle concentration range, together with the strong magnetic manipulation, highlights 

the potential of the MP nanodomes for theranostic applications. 
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Deformation behavior of a new series of plasma sprayed Fe-based (Fe-10Cr-4B-4P-2C wt.%) 

amorphous/nanocrystalline composite coating was investigated by carrying out multi-scale 

indentation and tribological tests. The effects of plasma power on the morphology and the 

phase content of the coatings were systematically investigated. The coating with optimized 

spraying parameters exhibited excellent mechanical properties in terms of higher 

nanohardness, lower sliding friction coefficient (COF) and sliding wear. Decrease in both 

coefficient of friction and wear rate of the coatings with increasing plasma power was observed 

from dry sliding wear test, which also helped in understanding the wear mechanism in the 

coatings. Nanoindentation studies were carried out at various peak loads and loading rates to 

understand surface deformation behavior of the coating. The coating displayed loading rate 

dependent “pop-in” events on load-displacement curves and strain sensitivity model was 

applied to understand the effect of free volume concentration. Further investigation of coating 

deformation response in a tribological contact was evaluated by nano-scratch, which exhibited 

shear band formation along the nano-wear track. 
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Nano-crystalline High Entropy Alloys (HEA) with equi-atomic compositions were synthesized 

through mechanical alloying followed by Spark Plasma Sintering (SPS). Alloys with nominal 

compositions of TiAlNiCr, TiAlNiFe, TiAlNiCo, TiAlNiCrCo, TiAlNiCrFe, TiAlNiCoFe and 

TiAlNiCrCoFe were prepared. The microstructure, hardness and room temperature 

compressive strengths of the alloys were studied. Alloys containing Cr showed 2 BCC phases 

while alloys without Cr showed a mixture of BCC and B2 phase along with TiCx nano-

precipitates and small amount of TiO2 dispersed uniformly in it. Sub-micron grain size was 

observed for the alloys. Segregation of Cr was observed in the alloys. The alloys exhibit good 

hardness of more than 700 HV1.0 and a compressive strength more than 2.5 GPa. Thermo-

mechanical processing studies were carried out using Gleeble to understand the effect of high 

temperature deformation on the stability of the microstructure and measure high temperature 

mechanical properties. The alloys without Cr were found to be stable after thermo-mechanical 
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processing.  The TiAlNiCoFe alloy is found to have good mechanical properties and oxidation 

resistance. 
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High entropy alloy (HEA) has now made its mark, because of its huge potential. Mechanical 

alloying followed by sintering, has been one of the widely used method for producing HEA. 

This new alloy system has also brought new challenges and several fundamental issues are yet 

to be fully addressed or understood. Sintering studies on variety of HEA powders are available 

in literature; however, sintering mechanisms of high entropy alloy powders have not yet been 

fully understood so far. Major hurdle in this direction, has been the complex diffusion 

behaviour of HEA or its constituent elements, which are yet to be resolved. The present work 

aims to determine the sintering mechanisms of some FCC based, nanocrystalline high entropy 

alloy powders such as CoCrFeNi, and CoCrFeNiMn alloys, prepared through mechanical 

alloying. Extensive dilatometric sintering experiments have been carried out, under 

pressureless condition, to record dimensional changes throughout the sintering cycles, at 

different temperatures and isothermal periods. It is well known that the sintering is controlled 

by different diffusion mechanisms. To evaluate the shrinkage data, conventional sintering 

models were employed to estimate the coefficient of diffusion as well as activation energy for 

different mechanisms (grain boundary diffusion and volume diffusion). Results indicate, initial 

condition of the powder also affects the densification behaviour. As milled powders were found 

to exhibit complex and mixed sintering mechanisms, i.e. both grain boundary diffusion as well 

as volume diffusion contribute. When the powders were annealed prior to sintering, they 

exhibit completely different behaviour. Sintering was found to be controlled by volume 

diffusion mechanism alone. Efforts have also been made to understand, behaviours of 

constituent elements of alloy on sintering, however, at this stage clear conclusion could not be 

drawn.  
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Recent years, multicomponent nonequilibrium alloys have attracted steady interest for the last 

three decades since the first synthesis of bulk metallic glass by copper mold casting in 1989. 

In particular, a number of bulk metallic glasses have been developed and Zr- and Fe-based bulk 

metallic glasses have been used as structural and magnetic materials. The multicomponent 

nonequilibrium alloys can be classified to the following four groups, namely, (1) bulk metallic 

glasses (BMGs), (2) equiatomic (high entropy) BMGs since 2002, (3) high entropy crystalline 

alloys since 2004, and (4) pseudo-high entropy BMGs since 2011. The pseudo-high entropy 

BMGs synthesized most recently have a new alloy component definition of five elements or 

more, major element content of 40-65 at%, solute element content of 3-15 %, and the existence 

of at least one atomic pair with positive heat of mixing among the solute elements. The pseudo-

high entropy BMGs have been prepared in a bulk form up to 12 mm by casting and exhibit 

high strength of 1520-1630 MPa and excellent compressive ductility above 50 % in strain. The 

extremely high ductility has been presumed to originate from the formation of nanoscale 

cluster-dispersed glassy structure. It has further been confirmed that the cluster-dispersed 

structure is formed in the boundary composition range near the formation range of icosahedral 

phase. Besides, the cluster seems to be composed of icosahedral-like atomic configuration. The 

clustered structure alloys can be also synthesized upon annealing for 1 to 4 h in a wide 

temperature range of the first-stage crystallization temperature (Tx1) to Tx1+70 K and do not 

show the first exothermic peak. The high stability of the clustered structure is presumably due 

to the difficulty of atomic rearrangement and mobility caused by multicomponent effect and 

the coexistence of repulsive atomic pairs with large atomic size mismatches. The high glass-

forming ability, high thermal stability and good mechanical properties for the clustered BMGs 

indicate the possibility that the pseudo-high entropy BMGs are promising for a future 

development as a new type of functional nonequilibrium bulk metallic alloys. 
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Significant progress has been made in recent years in how to optimize processing conditions 

for bulk glass and composite formation, net-shape forming and property rejuvenation. 

However, the details of the correlation between composition, atomic structure, defects and 

thermo-mechanical treatments employed for structure modification and their impact on shear 

band nucleation, propagation and failure mechanisms for achieving macroscopic ductility are 

still not well understood. Recent work suggests that not only the intrinsic properties of metallic 

glasses and composites are strongly affected by the details of short- and medium-range order 

cluster motifs but also their response to external fields like mechanical deformation or 
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temperature cycling largely depends on often complex local atomic rearrangements triggered 

by or causing heterogeneous stress and strain variation on different length-scales. 

This talk explores the diversity that can be achieved in metallic glasses and composites 

considering structure changes, recovery and rejuvenation mechanisms, as well as phase 

separation or nanocrystallization phenomena when the materials are subjected to different 

casting conditions, mechanical deformation, thermo-mechanical cycling or net-shaping. The 

findings from experiments and simulations will be discussed with respect to short- and 

medium-range order modulation, local stress and strain states, defect generation and 

annihilation, and precipitation of secondary phases. The structure changes will be correlated 

with plastic deformability and failure mechanisms, and the effectiveness of composition tuning 

and thermo-mechanical processing for plasticity improvement will be discussed to derive 

guidelines for property optimization. 
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Complex concentrated alloys (CCAs) extend the compositional paradigm shift of high entropy 

alloys (HEAs) to new microstructural opportunities. CCAs provide opportunities for tunable 

performance by manipulating deformation mechanisms. Fe-Mn-Co-Cr-Si alloys exhibit 

potential for a combination of phase transformation and twinning. These alloys give greater 

flexibility for tailoring transformation-induced plasticity (TRIP) and twinning-induced 

plasticity (TWIP), which have guided design of next-generation steel alloys over the last 20 

years to a new level. For TRIP CCAs, the ductility can be extended to as high as 50% while 

maintaining a strength exceeding 1 GPa. The Fe-Mn-Co-Cr-Si alloys show extensive gamma 

(f.c.c.) to epsilon (h.c.p.) phase transformation followed by additional twinning in the epsilon 

phase. Design of non- equiatomic CCAs provides a vast, and vastly unexplored compositional 

space for developing new alloys with tunable properties. This “Microstructural Flexibility” in 

alloys can be very useful for overcoming the conventional strength-ductility paradigm that 

limits current dynamic performance of metals. Although these alloys exhibit large uniform 

ductility, the non-uniform ductility is quite limited. The non-uniform ductility represents strain 

for growth of voids and ductile fracture. These aspects will be reviewed and the differences 

from conventional deformation and ductile fracture will be highlighted. Key opportunities for 

enhanced fatigue limit in TRIP CCAs will be presented. 

 

IN-43 

Improving ductility and oxidation resistance for refractory high-entropy 
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Refractory high-entropy alloys (RHEAs) emerge as promising candidate materials for 

ultrahigh-temperature applications. One critical issue to solve for RHEAs is their balanced 

oxidation resistance and mechanical properties, mainly room-temperature ductility for the 
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latter. Recently, it was found that existing ductile RHEAs are subject to catastrophic 

accelerated oxidation, also known as pesting. In this work, both alloying and surface coating, 

are applied to enhance the oxidation resistance of ductile RHEAs, with the focus on surface 

coating using the pack cementation method and more specifically, aluminizing. The oxidation 

resistance of two RHEAs, Hf0.5Nb0.5Ta0.5Ti1.5Zr, one recently identified ductile RHEA which 

pests in the temperature range of 600 to 1000℃, and Al0.5Cr0.25Nb0.5Ta0.5Ti1.5, the newly 

designed ductile RHEA which does not pest but embrittles after oxidation, are studied after 

aluminizing at 900℃ using three different pack components. Aluminizing, if using the 

appropriate pack cementation parameters, can avoid pesting in Hf0.5Nb0.5Ta0.5Ti1.5Zr and 

improve the oxidation induced embrittlement in Al0.5Cr0.25Nb0.5Ta0.5Ti1.5, and holds the 

promise for further improving the RHEAs as potential ultrahigh-temperature materials. 
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In the present study, the high-temperature mechanical behavior of additively manufactured 

eutectic HEA (AlCoCrFeNi2.1) has been investigated and correlated with the microstructural 

features. Eutectic HEAs tend to show unique and intriguing high-temperature behavior, hence 

there has been a need to study the high temperature mechanical behavior of such class of alloys. 

Further, additive manufacturing has been a very promising route for the fabrication of 

components from HEAs, it is furthermore desirable to study the high temperature mechanical 

behavior of additively manufactured HEAs. In the present study, the material was 

manufactured through laser engineered net shaping (LENS). Microstructural study revealed a 

two-phase eutectic structure consisting of ordered FCC (L12) and ordered BCC (B2) phases. 

The phase fraction of L12 is more across build (X face) and presence of more B2 along build 

(Z face). Both these phases have nickel as the base element and L12 was deficient in Al, while 

B2 is Al-rich and Cr deficient. Phase stability of L12 was supported by near equiatomic 

distribution among Co, Cr, and Fe. EBSD mapping showed clear K-S orientation relationship 

between ordered FCC and BCC among all the variants, along and across the build. Further, 

strain partitioning was observed to be more in B2 than in L12 which was confirmed through 

Kernel average misorientation (KAM) and Taylor factor. Anisotropy in hardness was observed 

along Z and X faces which further resulted in yield strength anomaly during compression test 

at room temperature. High-temperature compression study has been explored in the 

temperatures range 400-800℃. Yield strength tends to increase from room temperature to 

400℃ and starts dropping till 800℃. Yield strength anomaly can be attributed to the presence 

of ordered intermetallic phases L12 and B2, where thermal activation of additional slip systems 

plays a major role. 
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An equiatomic high-entropy alloy CrMnFeCoNi has been severely deformed by high pressure 

torsion at room and liquid nitrogen temperature (RT and LNT). The microstructure and texture 

has been analyzed by X-ray diffraction (X-ray line profile analysis and X-ray microdiffraction, 

respectively). It is shown that at a certain shear strain a steady state domain/grain size in the 

nanometer range and a dislocation density of the order of 1016 m-2 is reached, while the twin 

density at RT goes over a maximum at this strain. At LNT above a certain hydrostatic pressure 

HPT deformation is accompanied by phase transformation from face-centred cubic (fcc) to 

hexagonal (hcp). The amount of hcp phase increases with increasing pressure. The texture 

developed is typical for sheared fcc metals with a weak brass-type shear component 

dominating. Moreover, microhardness tests have been applied. Analysis of the strength 

suggests a Taylor-type hardening. The results will be discussed with regard to the mechanisms 

of deformation, including dislocation slip, twinning, martensitic transformation and grain 

boundary sliding. 
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Degradation of bio-implants by wear and corrosion is one of the major causes of their 

premature failure. Moreover, the release of wear debris and metallic ions into human body 

causes severe complications and allergic reactions. Development of advanced materials with 

greater resistance to corrosion and tribo-corrosion can significantly enhance their reliability. 

High entropy alloys (HEAs) are a new class of structural materials with outstanding properties. 

Recently, certain HEAs have shown promising results for bio-implant applications. However, 
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being a multi-component system, limiting elemental segregation is a major challenge in HEAs. 

Further, HEAs are relatively insensitive to annealing treatments due to their limited diffusivity. 

In this work, we have utilized a novel processing technique, stationary friction processing 

(SFP), for minimizing elemental segregation in Mo-Nb-Ta-Ti-Zr HEA and evaluated its 

corrosion and tribo-corrosion behavior. For comparison, we also processed HEA using 

conventional friction stir processing (FSP). Stationary processing was performed at constant 

rotational speed of 380 rpm for a period of 15 minutes while FSP was performed using same 

rotational speed and 20 mm/min translational speed. Interestingly, the microstructure after 15 

minutes of stationary processing was found to be similar to 168 hour annealed sample at 1273 

K. The corrosion behavior of as-cast and both the processed specimens was obtained in 

simulated body fluid (SBF). SFP sample showed significant enhancement in corrosion 

resistance, even better than FSP sample. Further, the tribological behavior of all samples was 

evaluated in dry as well as wet (SBF) conditions. In this case also, SFP proved to be 

significantly better. The superior degradation resistance of SFP HEA was attributed to 

microstructural refinement following processing. 
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Single and bilayer thin films of two medium entropy alloys (AlCoCrFe and CoCrFeNi) were 

synthesized using direct current magnetron sputtering. Thin films with a thickness of 1 µm 

were deposited on Si substrate at room temperature and at 300℃. Thin films were characterized 

using X-Ray diffraction, TEM/HRTEM and spectroscopy techniques. Single layer thin film of 

AlCoCrFe and CoCrFeNi were found to have bcc and fcc structure, respectively at both 

depositing temperatures. The bilayer thin film consisting of AlCoCrFe and CoCrFeNi with 

each 1 µm thickness were especially studied for their interfaces. Bilayer was found to have a 

distinguishable interface at room temperature, however, a diffused interface was present at 

300℃. The crystallographic texture and thermal stability of these bilayers were addressed. 
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During isothermal annealing at temperatures lower than the crystallization onset temperature, 

Tx, that is measured during continuous heating, metallic glasses undergo a period of delay time 

(τ) before the crystallization reaction. The delay time for plays an important role in the 

understanding of the transport and nucleation behavior. Previously, τ was usually determined 

from the nanocrystal number density vs. annealing time plot through tedious TEM 
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measurements. Now, a more effective approach to measure τ has been developed by analyzing 

the Tg shift via high rate differential scanning calorimetry (Flash DSC). For Al-based metallic 

glasses, with the increase of annealing time (ta), Tg shifts to higher temperatures in the Tg vs. ta 

plot and there appears a break point in slope. Before this break point, no Al nanocrystals could 

be detected by TEM, but after this break point, Al nanocrystals were identified by TEM. Thus, 

the break point time corresponds to the delay time for primary crystallization. The underlying 

mechanism is unveiled through the crystallization enthalpy analysis by Flash DSC and matrix 

composition measurement by energy dispersive spectroscopy. The analysis reveals that before 

the break point, Tg shifts solely due to a relaxation process. After the break point, the 

precipitation of Al nanocrystals induces a composition change in the amorphous matrix so that 

Tg shifts to higher temperatures because of both the relaxation and the composition change 

effects. A similar behavior was observed for the shift of Tx following annealing and has a 

similar origin in both structural relaxation and composition change. As a further application of 

the new method, the effect of a 1 at.% substitution by Cu on the delay time of Al88Y7Fe5 was 

investigated to determine the effect of minor alloying on the glass formation ability. The 

significant changes in Tx were demonstrated to be directly related to the corresponding changes 

in the delay time. The results indicate that minor alloying that is designed to increase the delay 

time is an effective strategy to enhance the glass formation ability. 
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Long wavelength longitudinal phonons can propagate in liquids, but whether transverse 

phonons exist in liquids has been debated since the 1970s. The classic hydrodynamic theory 

refutes the existence of the latter because the transverse current fluctuation does not directly 

couple with the density fluctuation and the Brillouin zone is not well-defined. However, such 

arguments fail to describe the viscoelastic response of liquids and glasses. Recently, we have 

developed a viscoelastic hydrodynamic theory by incorporating both viscoelasticity and 

anisotropy. As a result of the breaking of time-reversal and isotropic symmetries, transverse 

density fluctuations emerge in liquids and manifest in glasses. This approach provides a unified 

framework to examine closely related phenomena such as Boson peak, beta-relaxation, 

fragility, Arrhenius crossover, Ioffe-Regel localization, dynamic heterogeneity, and the 

breakdown of Stokes-Einstein relation. We will also show evidences from coherent inelastic 

neutron scattering measurements and MD simulations. 
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Despite intense interest, identifying the structural origin of glass forming ability in metallic 

alloys remains a challenge due to the difficulty of describing the evolution of the long-range 
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disordered structure from the liquid. Here, we report the cluster variance in the liquid as a 

potential parameter to predict glass formation based on our investigation of the structural and 

clusters evolution using molecular dynamics simulations. The glass forming ability is greatest 

where the variance in cluster fraction in the liquid is minimized. This correlation is evident in 

multiple systems. The predicted glass forming compositions are then verified and optimized 

experimentally using a laser deposition-based high-throughput alloy processing technique, and 

variations in mechanical behavior as a function of composition are investigated using 

nanoindentation. Correlations of these properties with the simulated structures and glass 

forming ability will be discussed.  
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Icosahedral ordering, which has forbidden five-fold symmetry, is related to extraordinary 

properties in metallic glasses. For example, icosahedral short-range order (ISRO) is known to 

stabilize supercooled liquid and constitute main building blocks of amorphous solid. Moreover, 

icosahedral medium-range order (IMRO) in metallic glasses, the atomic model of 

interpenetrating icosahedra, significantly affects mechanical properties such as plasticity. 

Many experimental approaches and simulations show the relationship between IMRO and 

plasticity in metallic glasses. However, there is little research that sheds light on the complex 

relationship among microstructural variation with different degrees of icosahedral ordering, 

glass-forming ability and mechanical responses through systemic changes of composition. In 

the present study, we will report the variation of quasi-glass forming ability and mechanical 

responses of Ti-Zr-Ni alloys by systemically controlling Be contents. As a result, we can infer 

that addition of Be enhances the quasi-glass forming ability because increment of Be content 

increases packing density and decomposes icosahedral medium range order (IMRO) in metallic 

glasses. We then carry out statistical analysis of shear avalanches through nanoindentation to 

bulk compression and clarify that decomposition of IMRO makes smaller shear deformation 

unit which is homogeneously distributed in the amorphous matrix. This leads to easy activation 

of shear transformation zones (STZs) and results in the relatively large plasticity (~12%) in 

bulk samples. Based on this result, we can propose a novel strategy for enhancing both glass-

forming ability (GFA) and ductility in bulk metallic glass (BMG)-forming alloys.  
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The report by Schroers et al. (2005) of bulk glass-forming ability for the composition 

Au49Ag5.5Pd2.3Cu26.9Si16.3 (at. %) opened up a significant research field. Gold-based metallic 

glasses are of interest for jewellery, providing scratch resistance combined with exceptional 
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formability, and for many other potential applications. Crystallization in such systems is 

important for understanding the glass-forming ability, the stability of the glass once formed, 

and the prospects for generating useful (nano/micro) structures by partial or full transformation 

of the glass. Crystallization of Au-based glasses has been widely studied by differential 

scanning calorimetry (DSC), both conventional and ultrafast (i.e. ‘Flash-DSC’, FDSC). In 

FDSC, these compositions can be melted in-situ and then rapidly quenched back into the glassy 

state. The present work builds on these earlier studies by using in-situ transmission electron 

microscopy (TEM) to elucidate the sequence of phase transformations on heating melt-spun 

ribbon of Au49Ag5.5Pd2.3Cu26.9Si16.3 glass. These studies are integrated with FDSC studies, and 

they help to resolve the uncertainties left by earlier studies based on X-ray diffraction of 

samples after annealing. We conclude that, on heating, the first crystallization is polymorphic. 

Subsequently Au-rich and Cu-rich crystals are formed, with a Pd-Ag-Si phase at grain 

boundaries, and ultimately a network of nanosized silicides. Finally, we consider the 

implications for the development of engineering applications of gold-based bulk metallic 

glasses. 
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For many people studying metallic glasses (MGs), oxidation is what they strongly dislike. 

Reasons include deteriorating glass formation, embrittling materials and rendering undesired 

surface coating. However, for people studying pyrotechnics, the fact that many metallic glasses 

are affin to oxygen are in fact good news. Good pyrotechnic performance requires sparkling 

appearance in burning and thus the materials, normally containing Al or Mg, need to have large 

combustion heat and high combustion efficiency. The current improving strategy is to 

minimize the particle sizes as low as ~10 nm. Despite the better outcomes, the drawback of this 

method is huge: they are unstable and may aggregate or burn if unconsciously stored. So, are 

there other ways that can inject more energy yet maintain stability in metals? Rejuvenation of 

MGs, as to increase the stored energy, can be induced by many thermo-mechanical methods 

while the metastability of the rejuvenated materials can be maintained and the raw materials 

are not limited by sizes. In this work, we made a series of MG ribbons, each with different 

amount of stored energy, and investigated their ignition properties. We found that when ignited, 

the as-prepared ribbons always have the brightest illumination and many sparks whereas when 

the energy is reduced, like in annealed or crystallized samples, the light becomes dimmer and 

the sparks are disappeared. Similar trend can also be seen in thermal gravity analysis where the 

as-prepared, which is the most rejuvenated one, is oxidized at lower temperature and burnt 

more completely than other low-energy counterparts. Recent studies on oxygen diffusion also 

show that the melt-spun MG ribbons are more akin to oxidation than their annealed and 

crystallized counterparts. All these results demonstrate that energy control is crucial in 

pyrotechnic materials and therefore the rejuvenated MG may be considered as a potential 

candidate for such applications. 
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One-dimensional nanostructures present opportunities for carrying out fundamental studies on 

the effect of size and dimensionality in addition to their wide-spread applications. While it is 

relatively easy to grow 1-D structures of anisotropic crystals with uniaxial anisotropy, growth 

of 1D crystals of high symmetry crystals (with an FCC lattice, for instance) is challenging. We 

have developed template-less method to grow 1D nanostructures of Au and Pt and used these 

wires as templates to grow alloy nanowires. The first part of the talk will focus on the synthesis 

and mechanisms of growth of such structures. The second part will focus on the use of Te 

nanowires as templates to grow axial and radial heterostructures of tellurides. Detailed 

mechanism of growth using electron microscopy investigations will be presented.  
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Spectroscopic imaging is a potential technique for studying the properties of nanostructures 

without the use of nano-manipulator, which is a time-consuming process involving expensive 

techniques. Optical microscope based conventional techniques, however, is limited by sub-

diffraction limit where maximum dimension of the nanostructure to be studied is approximately 

half of the excitation wavelength. 

The role of the evanescent wave using plasmonics in surmounting the sub-diffraction 

limit will be discussed. Raman spectroscopic techniques coupled with multi-probe surface 

microscopy are demonstrated to achieve the sub-diffraction limit. Phonon imaging using 

Raman spectroscopy of inorganic semiconductor nanostructures and issues involved with 

different polarizability is mainly presented for one-dimensional (1D) systems of a single Si, 

GaN nanowire, AlN nanotip and 2D layers of dichalcogenide heterojunctions using plasmon 

assisted tip-enhanced Raman spectroscopy (TERS). 
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Carbon nanotubes (CNT) from the two known synthesis techniques; plasma arc discharge and 

chemical vapor deposition (CVD), differ significantly in their morphology. Plasma arc 

discharge CNTs are characterized with straight structure with smooth surface morphology, 

whereas CVD CNTs are coiled individually and mutually entangled. Due to these 
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characteristics, the behaviour of these two varieties of CNTs also differ. This is realized with 

the free vibration analysis of their nanocomposites in epoxy matrix. Vibration damping 

characteristics of the nanocomposite reinforced with straight CNT are higher than that with 

coiled CNT. The extent of damping obtained from the two nanocomposites is compared and 

correlated with differences in structure and morphology of the two varieties of CNTs. A 

mathematical model based on the physical geometry of CNTs is proposed and discussed. 
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Oxide dispersion strengthened (ODS) steel is a candidate material for next generation fast 

breeder reactors. They have excellent high temperature creep strength resulting from blockage 

of mobile dislocations by fine dispersoids in the ferrite matrix. In addition, these dispersoids 

also resist ferrite grain growth during high temperature consolidation process by Zener pinning. 

Thus, the ferritic martensitic (F/M) steel does not have to depend on carbide precipitates for 

strengthening. But these dispersoids are non-equilibrium entities in the steel matrix and cannot 

be added more than 1 vol. %. Therefore, it is essential that the dispersoids remain in fine sizes 

(2 – 10 nm) and are uniformly distributed in the matrix. Secondly, the choice of F/M steel is 

dictated by the radiation environment in the core of nuclear reactors wherein the ferritic steels 

are inherently resistant to void swelling. In this presentation, the step by step developmental 

process leading to the fabrication of thin walled clad tubes will be discussed in detail. Initially 

model ODS alloys were prepared and characterised. Based on the knowledge gained the 

extrusion conditions, pilgering process and final heat treatment were finalised. As 

crystallographic texture plays an important role in determining Hoop’s strength in tubes, an 

analysis of texture on the clad tubes will also be presented.  
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There are several techniques for depositing the graphene coating over large-scale area. 

However, severe complexities, compromised properties and highly expensive nature of these 

protocols restricts in tapping the full potential of graphene. This work aims to deposit graphene 

coating by adopting a technique that is being used in industries from past several decades. A 

novel procedure has been developed to deposit graphene using traditional plasma spraying 

technique, which can bring a revolution in commercial sectors. Graphene nanoplatelets were 
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spray dried into spherical agglomerates and coating was deposited over wide range of surfaces. 

Continuous monitoring of temperature and velocity of in-flight GNP was done using a 

diagnostic sensor. Deposition of graphene coating was the result of the striking of quasi-2D 

melted graphene with higher velocity (~200 m/s) towards the substrate. Post characterizations 

confirmed that GNPs did not collapse even after exposing to harsh environment in plasma. 

Instead, the high temperature proved to be beneficial in purifying the commercial GNPs. A 

proof-of-concept was established by carrying out preliminary corrosion and anti-friction tests. 

Outstanding reduction of ~3.5 times in corrosion rate and 3 times in coefficient of friction was 

observed in GNPs deposited coating. It is envisaged that, graphene coating by plasma spraying 

can bring a revolution in commercial sectors. 
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ODS RAFM steels are being developed for back up plates of fusion reactors due to high 

temperature strength, increased resistance to creep and irradiation. The high temperature 

properties are due to dispersion of fine nano meter sized (2-5 nm) Y-Ti-O complex oxides, 

which act as obstacles for dislocations, grain growth and boundary sliding and sinks for 

neutrons. ARCI has embarked on a program to develop ODS 9Cr RAFM steel powders for 

further processing into plates by hipping and rolling. ODS-9Cr RAFM steel with a nominal 

composition Fe-9Cr-0.1C-1.2W-0.55Mn-0.22V-0.08Ta-0.2Ti-0.35Y2O3 is produced by high 

energy milling of pre-alloyed atomized 9Cr RAFM steel powder and nano yttria under argon 

atmosphere followed by hot extrusion. Various characterization techniques are used to 

optimize the milling conditions to get fine and uniformly distributed nano Y-Ti-O oxide 

particles in the matrix. The extruded samples were heat treated to get equiaxed grain structure. 

This paper discusses about the microstructure, size and structure of dispersoids and high 

temperature tensile properties. 
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Synthetic antiferromagnets (SAFs) composed of two ferromagnetic layers separated by a thin 

non-magnetic transition metal spacer are receiving renewed attention in many fields including 

spintronics and biotechnology. For diagnostic and therapeutic applications, perpendicular 

magnetized SAFs microdiscs prepared by top-down lithographic approaches have been 

recently proposed as a valid alternative to the most investigated superparamagnetic particles 

synthetized by chemical routes. They fulfill all the key criteria required for biomedical 
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applications while allowing a significant degree of control and tunability of the magnetic 

properties. SAFs are also key component in spintronic devices and a significant attention has 

been recently paid on the preparation of such devises on flexible substrates, which provide 

wide advantages over their conventional rigid-substrate counterparts, such as the ability to bend 

and adjust the shape of a device, a light-weight and low costs. 

Thin film stacks consisting of multiple repeats of single [Co/Pd]N/Ru/[Co/Pd]N SAF 

units with perpendicular magnetic anisotropy were prepared with the aim of fabricating free-

standing SAF microdiscs by using lithographic processes. The samples fulfill all the key 

criteria required for biomedical applications together with the ability to vary the total magnetic 

moment without significantly affecting any other magnetic features. The same stack was used 

to build giant magneto-resistive heterostructures on flexible substrates by exploiting a transfer-

and-bond approach. The stacks were successfully transferred from a rigid substrate to an 

adhesive tape, without compromising the magnetic and magneto-transport properties, thus 

confirming the proposed approach can be pursuit to obtain complex spintronic heterostructures 

on flexible substrates. 
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Components made from soft magnetic nanomaterials have an enormous range of applications, 

e.g., electrical machines, magnetic cooling, electromagnetic shielding and absorption etc. 

There is an urgent unmet need for soft magnetic components with graded magnetic and 

mechanical properties. Such graded components can be produced by additive manufacturing 

(AM). However, while there is substantial activity in AM of structural alloys, there is only 

limited effort on AM of functional alloys, such as magnetic materials. Hence, we carried out 

AM of soft magnetic alloys using the laser engineered shaping (LENS) process, a directed 

energy deposition technique. We employ a feedstock consisting of a blend of elemental 

powders. An advantage of the LENS technique is that combinatorial synthesis of 

compositionally graded structures can be carried out. Rapid screening of these graded 

structures to identify novel compositions with exciting magnetic and mechanical properties 

leads to accelerated materials development.  Compositionally graded nanostructures of 

Permalloy type Ni-Fe-V and Ni-Fe-Mo alloys as well as Fe73.5Si13.5B9Nb3Cu1 Finemet alloys 

were produced by AM. Such structures exhibited graded functional and structural properties. 

The most promising composition, structure and properties were rapidly identified, enabling 

accelerated materials development of soft magnetic nanomaterials. Our results can also be 

highly beneficial to the development of novel near net shape, complex geometry, “permeability 

engineered” components with superior graded properties. 
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Nowadays, the development of new advanced technologies in the field of information storage 

and electronic devices requires a great effort in improving the performance of magnetic 

materials that are at the basis of the device’s functioning. Among the magnetic materials, 

chemically ordered binary alloys (L10) are of significant interest due to the peculiar atomic 

arrangement within the crystallographic cell, which induces in the material, through the spin-

orbit interaction, a high magnetocrystalline anisotropy. 

In this work, the degree of chemical order within different magnetic alloys has been 

investigated by X-ray Absorption Spectroscopy (XAS) to understand the influence of specific 

process conditions (growth and annealing temperature, addition of a third element) on the 

transformation from the chemically disordered state (fcc-A1) to the chemically ordered 

structure (fct- L10). Among the characterization techniques applied to investigate the structural 

properties at the local-scale, XAS is an effective tool to probe the chemical environment around 

an absorber element, and to get information on the average structural features of the materials, 

thus being complementary to conventional X-ray diffraction (XRD) techniques. 

Due to its peculiar characteristics, i.e. selectivity and high sensitivity, Extended X-ray 

Absorption Fine Structure (EXAFS) analysis represents the main technique to investigate the 

local properties in many systems whose behaviour is strongly affected by the atomic 

arrangement, as in the case of the L10 or L12 chemically ordered alloys, where the degree of 

chemical order influences significantly the magnetocrystalline anisotropy. In particular, the 

main results obtained from experiments carried out on thin films and nanoparticles will be 

presented, illustrating the great versatility of the technique in characterizing a variety of 

magnetic system under different experimental conditions. 
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Amorphous alloys are famous for a long time and attract attention due to their outstanding soft 

magnetic properties, combining high permeability with rater high magnetization. Such 

properties are acquired through relaxation and partial nanocrystallization of amorphous 

structure. The ribbon-shaped and microwire samples on the base of Fe-Co were studied. 

Relaxation processes of amorphous phase by annealing were studied by DSC measurements: 

Curie temperature of magnetic transformation is very sensitive to relaxation and crystallization 
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processes of amorphous structure. Decomposition of amorphous phase and redistribution of 

components between amorphous phase and growing nanocrystals affect the shape and position 

of the DSC peak at Tc. Relaxation of atomic structure of amorphous phase during annealing 

usually is accompanied with an increase of the Curie temperature, while the nanocrystallization 

leads to reduction and disappearance of Tc. The systematic data on shift of the Tc peak by 

annealing allows to study kinetics of relaxation process and estimate the apparent value of 

activation energy. Magnetic properties were measured in a quasistatic and dynamic mode. In 

the quasistatic mode, hysteresis loops and magnetization curves are obtained in fields up to 

1000 A / m. The following properties were determined: the coercive force, the maximum 

magnetic permeability and the hysteresis loop squareness coefficient. Dynamic magnetic 

hysteresis loops with different amplitudes of the magnetic field and, accordingly, magnetic 

induction were obtained, from which the coercive force of the individual hysteresis loops and 

the specific magnetization reversal losses were determined. 
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The influence of the process parameters in Laser Beam Melting (LBM) on the element 

distribution and magnetic properties of permalloy (Ni78.5Fe21.5) is studied. Iron and nickel 

powders are mixed in the respective proportions to build twenty-five permalloy samples. The 

process parameters for each sample are varied to achieve different volume energy densities. 

An increase of the saturation magnetization MS up to 14% of the samples with respect to the 

initial powder blend is found. For a volume energy density of 428 (J/mm³) we detect a stripe-

like segregation of iron and nickel in the uppermost layer.  In the volume a homogeneous 

element distribution is found. The segregation at the surface leads to a sizable uniaxial magnetic 

anisotropy. The typically small one of permalloy is determined in the volume. In general, for 

samples processed with higher energy a more homogeneous element distribution is observed. 

When using parameter combinations resulting in similar volume energy densities, we observe 

different surface morphologies depending on scan speed and laser power. The implications for 

creating tailored magnetic anisotropy directions on surfaces of additively manufactured in Fe-

Ni soft magnets are discussed. 
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With the advent of electric vehicles in automotive industry, there is an increasing demand for 

high performance soft magnetic materials as an alternative to Si steel leading to upsurge in the 

research activities. We have developed Fe-P(Si) based soft magnetic alloy as a potential 

replacement to non-oriented Si steel. The magnetic properties of the newly developed alloy has 

been published.  It is observed that the magnetic properties in these alloys are influenced by 

the nanoprecipitates of Fe3P dispersed in the α-Fe matrix. Hence, it is an interesting study to 

understand the aging kinetics and its effect on the magnetic, mechanical and microstructural 

properties of Fe-P-Si alloy. Fe-P(Si) ingot was prepared by vacuum induction melting, hot 

forging and rolling up to a final thickness of ~0.5 mm sheets. The rolled sheets were 

solutionized to form a supersaturated solid solution of P in Fe-matrix. P-rich nanoprecipitates 

were nucleated during the isothermal aging (500 – 700℃) of solutionized Fe-P-Si alloy. The 

variation of hardness with aging shows a typical precipitation hardening behavior where 

hardness is increased up to peak aging and start decreasing after attaining a peak hardness. A 

similar trend was also observed in the case of saturation magnetization. The coercivity was 

found to lower for under aged sample. On the other hand, the electrical resistivity value was 

maximum for the sample which was peak aged (500℃/2h). Transmission electron microscopy 

studies reveal the presence of 2 – 5 nm precipitates dispersed in α-Fe matrix. In this 

presentation, we will discuss in detail, the observed variation in magnetic, electrical & 

mechanical properties and correlate it to the microstructure change especially size and 

distribution of the P-rich nanoprecipitates. 
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Metastable materials and systems are frequently characterised by small length scales: the 

limitations of the fabrication process may result in small sample volumes, ribbons or thin films. 

Then again, material systems such as protective coatings and welded or irradiated zones are 

graded in composition or microstructure and evolve in service. For such systems, bending 

offers an alternative to tensile tests that offers site-specific properties, is simple to execute, 

though more complex in loading. 

In this presentation, we illustrate the use of the above technique to study creep through 

the bending of cantilevers. In creep, the non-linear relationship between stress and strain rate 

leads to a redistribution of stress so that strain remains linear across the section. Under these 

circumstances, the deflection rate of the cantilever can be uniquely related to the stress 



 

80 
 

exponent under steady state conditions. By using digital image correlation (DIC), it is possible 

to extract creep parameters over a range of stress from a single sample. Other interesting effects 

that emerge include the strengthening of beams at small sizes (e.g., less than 2 mm thickness 

in aluminium) which is believed to be due to strain gradient effects. This effect is opposite to 

the weakening seen in uniaxial creep that arises from the limited number of grains across the 

section. Finally, in-situ measurements of strain along the length and cross section using DIC 

lead to the possibility of using numerical techniques to take the vast amount of data generated 

as a function of stress, strain and time to deduce primary creep behaviour from a single sample. 

These and other insights into the use of bending creep will be illustrated with examples from 

commercial purity aluminium, boiler steels, additively extended beams, lead and superalloys. 
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Coatings are extensively used in aircraft industry to impart aesthetic and functional properties 

to the aircraft components.  Global aerospace coating market is expected to be USD 2.53 billion 

by 2025.  Some of the important coatings that require indigenous development are: aircraft 

paint coating system, wear and lubricant coatings, self-cleaning and deicing coatings, thermal 

barrier coatings / environmental barrier coatings and refurbishment coatings.   The recent trend 

has been to develop coatings with nanometric scale microstructure, which exhibit extremely 

fascinating and useful properties due to small grain size, and consequent large volume fraction 

of atoms in or near the grain boundaries. At CSIR-NAL, a large number of activities on 

nanoscience and nanotechnology are being pursued. The most significant amongst these are: 

nanolayered/ nanocomposite coatings for tribological applications, supertough and solid 

lubricant coatings for high speed machining of difficult-to-machine materials, nanostructured 

coatings for renewable energy applications, nano-dimensional magnetic thin films for 

aerospace/engineering applications, superhydrophobic coatings for aerospace applications, 

carbon nanotubes and graphene for radar absorbing applications, transparent conductors for 

electronics and space applications.  This talk will cover a summary of the latest developments 

on these activities.   
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Alkali treated discontinuous jute fibre based chemically modified ZrO2 dispersed hybrid 

polyester composites with 5, 15, 25, 35 and 45 wt. % as filler loading were fabricated by 

compression moulding technique. The structural characterization was performed using X-ray 

diffraction technique and scanning electron microscope. The bulk mechanical properties viz., 

tensile, flexural and impact were estimated for the fabricated composites. The mechanical 

characterization at micro/nano scale was observed by micro and nanoindentation technique. 

The significant effect of the fillers dispersion within the polymeric matrix with respect to 
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mechanical properties at microstructural length scale was observed in detailed. The maximum 

mechanical properties were examined with a filler loading of around 35 wt. % followed by 

trivial deterioration beyond the same. An attempt was also made to investigate the influence of 

fillers incorporation within the matrix through various nanoindentation derived parameters viz., 

elastic recovery, indentation creep as well as nano DMA. 
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Distinct from conventional coarse-grained materials, nanocrystalline materials offer the 

combination of exceptional high strength, fracture toughness and ductility in both metals and 

ceramics. The deformation mechanisms are also predicted to radically different as plasticity at 

the nanoscale may mediate mostly by grain boundary (GB) deformation processes. Unlike in 

metals, the dislocations in ceramics are immobile because of rigid structures arising from the 

covalent bonding (expect at high temperatures). Thus, atomic level understanding of precise 

deformation mechanisms in superhard ceramics is of extreme important for tailoring the 

materials properties. In this presentation, I will demonstrate the direct evidence of grain 

boundary sliding in superhard nanocrystalline boron carbide (n-B4C) and silicon carbide (n-

SiC) ceramics. For this work, we combined experimental state of the art aberration corrected 

scanning transmission electron microscopy (STEM) and reactive molecular dynamics (RMD) 

to determine the atomic level deformation mechanisms of n-B4C and n-SiC. Our experimental 

observations showed intergranular amorphous GB phase due to GBs sliding in nanosize grains 

(~20 nm) under indentation experiments. We performed RMD simulations on finite shear 

deformation of grain boundaries with grain size from 5 to 20 nm and found reverse Hall-Petch 

relationship in nanosized grains in which the deformation mechanism is dominated by GB 

sliding. These findings in both experimentally and theoretically underline the importance of 

nanostructure and may pave a new way to design brittle ceramics with improved toughness, 

plasticity and engineering strength. 
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Zr based bulk metallic glasses (BMGs) and their composites are unique category of materials 

due to their high shear sensitivity as compared to the conventional crystalline alloys. Their 

propensity to form highly localized shear bands can induce self-sharpening phenomenon and 

enhance the penetration capability, if such BMGs are employed for special applications. 

However, when subjected to dynamic loading, BMGs behave as typical brittle materials. In 

this study we perform finite element simulation (through LS-DYNA tool) of drop weight 

impact test on BMG Vitreloy 1 (Zr41.2Ti13.8Cu12.5Ni10Be22.5) laminate with various impactor 

geometries, and velocities to probe the intricacies of macroscopic damage evolution during 

impact events. Energy-time response, load-time response and damage patterns for the different 

impactor cases on the laminate are analyzed and the results are discussed.  
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Our world is getting smaller. Reduction in size of materials results in an efficiency 

improvement in information technology and allows for new properties. This in turn allows for 

communication at an ever-increasing quality level from continent to continent. One 

prerequisite for reliable operation, as well as tuning of materials properties is the possibility of 

characterizing materials, even if the materials volume becomes very small. When investigating 

films thinner than one hundred nanometers, X-ray diffraction at synchrotron sources has been 

the method of choice in order to achieve a reasonable signal level. When films, however, 

exhibit a nanocrystalline microstructure and consist of light elements also diffraction reaches 

its limits. Here we provide case studies on reflection anisotropy spectroscopy that is sensitive 

to elastic distortions of the lattice or the symmetry breaking of a crack pattern. Thin films only 

start reflecting less than their bulk counterparts, when their thickness reaches several tens of 

nanometers and thus experiments can be extended to the single digit nanometer thickness 

regime. The case studies presented focus on plastic deformation and fracture on the phase 

change media, colored and noble metal thin films for applications in wearable electronics and 

an outlook to strain-engineered semiconductors. In addition, the properties of multiple metals 

additively manufactured close to the nanometer regime will be presented and optically 

analyzed. 
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Strain variation within nanoparticles plays a crucial role in defining important properties 

related to their applications. Transmission electron microscopy (TEM) based imaging 

techniques are mostly used to determine strain variation within nanoparticle and supporting 

amorphous carbon film induced artefacts in measured strain variation and the artefact increases 

with increasing supporting carbon film thickness. Without removing the artefacts, 

interpretation of strain within nanoparticle introduces severe error which in turn will affect the 

tunability of desirable properties for different applications.   In this present work, an algorithm 

is reported which is capable of removing supporting film induced artefacts from measured 

strain variations within nanoparticles. The effectivity of the algorithm was tested using 

simulated TEM results which proves that the algorithm works satisfactorily down to 𝑡𝑝/𝑡𝐴𝐶  

ratio of 0.25, where 𝑡𝑝 and 𝑡𝐴𝐶 defines the thicknesses along the electron beam of nanoparticle 

and supporting amorphous film respectively. These simulations also reveal that changing the 

atomic number of atoms within the nanoparticle, or the density of the amorphous carbon does 

not affect the algorithm’s effectiveness. When the algorithm was applied on experimental TEM 

results of a TiO2 nanoparticle, it even worked well for 𝑡𝑝/𝑡𝐴𝐶 below 0.25, i.e. a relatively thick 

layer of amorphous carbon.      
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Additive manufacturing being a near-net shaped manufacturing process, offers the possibility 

of producing complex shaped components suitable for wide range of applications. The process 

however, involves non-equilibrium processing conditions resulting in the formation of 

metastable phases encapsulated in novel microstructures that are at times distinctly different 

from materials produced by conventional methods. Hence, there is a need for comprehensive 

characterization of additively manufactured materials to understand both the crystal structure 

of nano-sized phases and their actual chemical constituents. In order to address the above 

mentioned requirements, this talk presents the novel method of correlative microscopy 

combining transmission Kikuchi diffraction, scanning transmission electron microscopy (both 

in SEM) and atom probe tomography to understand the phase formation and properties of 

additively manufactured materials containing nano-scale features. 
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The microstructural features of, in principle, all most all the alloys/composites can be refined 

to nano scale using ball milling. However converting these milled powders into bulk objects 

with simultaneous retention of the finer microstructural features is still a grand challenge. This 

has been a major drawback of these novel materials while measuring the mechanical properties 

in a reasonable manner. In our work we have prepared Al, Al-Pb, Al-W, Al-Pb-W multi-phase 

alloys using ball milling and consolidation was done using either spark plasma sintering or in-

situ consolidation. Detailed structural/microstructural investigations were performed by X-ray 

diffraction and electron microscopy based techniques. Mechanical properties were evaluated 

by microindentation and depth-sensing nanoindentation. Strain rate sensitivity and activation 

volumes were also calculated by performing nanoindentation at various loading rates and peak 

loads, to understand the deformation kinetics. High strain rate sensitivity coupled with strain 

hardening capacity has been used conventionally to assess the ductility of engineering alloys. 

However, nanostructured materials are known to possess little or no strain hardening capacity 

because of decreased presence of dislocation activity at these smaller length scales. In addition, 

these materials can’t be made into bid enough samples required for conventional testing as per 

ASTM standards.  In such a scenario, it is proposed here that strain rate sensitivity may be used 

to have an understanding on the probable ductility possessed by these materials. The current 

presentation discusses more details in this regard by considering different combinations of 

multi-phase nanostructured materials developed in the author’s laboratory. This work was 

financially supported by the Department of Science and Technology, Government of India. 
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The CrFeCoNi equiatomic compositionally complex alloys (CCA) form a single phase FCC 

solid solution and also show plastic deformation behaviour similar to the well known 

CrMnFeCoNi quinary alloy. Notably, the slip systems of the quinary alloy are similar to FCC 

pure metals. However, a low value of stacking fault energy often promotes deformation 

twinning. The aim of the current project is to investigate the small scale deformation behavior 

of the CCAs by deformation of thin films. CrFeCoNi thin films magnetron sputtered on Si and 

c-sapphire substrates were investigated for phase analysis, thermal stability and the texture 

evolution under repeated thermo-mechanical loading. Our results show that thin films with a 

homogenous composition consist predominantly of the fcc phase. However, the presence of a 

small fraction of Cr rich Sigma phase is observed, that is attributed to a finer microstructural 
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length scale of thin films. Results indicate that at nanoscale, phases present are extremely 

sensitive to the Cr content of the thin film. Composition could be controlled during deposition 

to form a single phase fcc solid solution. Initially strong {111} fiber texture was found to 

weaken on thermo-mechanical loading to several hundred thermal cycles between 373 - 773K. 

Preliminary results are consistent with those reported in the literature for fcc metal thin films. 

Possible consequences on the understanding of equilibrium phases of HEA/CCAs and the 

deformation of the CCA thin films compared to pure metal films is discussed. 
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The central premise of biomaterial design has evolved from the exceptional capacity of 

biological systems to respond to topographical characteristics or chemical stimulus, which has 

led to the emergence of next-generation smart-biomaterials for medical applications. In vitro 

studies have recognized defined nanoscale features as potent regulators of cellular behavior for 

modulating cell-material interactions and associated cell signaling. Our results have 

demonstrated that specific nanoengineered topographic cues can provide potent regulatory 

signals that dictate cell morphology, adhesion and proliferation of vascular endothelial and 

smooth muscle cells. Additionally, cellular response to a defined nanotopography was found 

to be cell-type specific. This in turn modulated the in vivo behaviour of implants with 

characteristic nanoscale surface topography. This talk would focus on the recent developments 

concerning the role of nanoscale engineering on predefined structural features of nanoscale 

dimensions for mediating cellular response in cardiovascular and orthopaedic implants.  
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The average life span of humankind has increased by 20 to 30 years as a result of advancements 

in the health care system. This has indirectly imposed a major challenge to the hip and knee 

prostheses. The service period of an orthopedic implants on an average is 15 to 20 years and 

with the current increase in young and ageing population who are in need of medical implants, 

the expected life time is more than 30 years. The cost of revision surgery and time for healing 

after failure of implants after 15 years leads to huge mental trauma to patients. Especially Asian 

countries like China and India spends enormous amount as they import implants from West 

and European countries.  Hence, there is an urgent need to develop indigenous technologies to 

manufacture implants with high life span. The major challenge to biomaterial researchers is to 

develop an appropriate material that will mimic the human bone in all aspects to prevent failure. 

Bone is a composite with micron, submicron and nano features. With advancements in 

manufacturing technologies, the bulk properties of metallic /ceramic and polymeric implants 

have been improved drastically. However, the surface of the implants which plays a key role 
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in determining the interactions of the implant with the surrounding tissues, needs more 

attention to improve the life span of an implant. Improved Wear and corrosion resistance, 

osseointegration and antibacterial properties of an implant can be achieved through 

micron/nano modifications on the surface. However, the selection of the right technique to 

achieve the above that can be translated to clinic poses the greatest challenge to the material 

scientist. 

Our group focuses on the development of an appropriate feature on the surface that will 

induce the right pathways for the bone to integrate with the implant and prevent bacterial 

infections. Further, the modified surfaces are tested for their wear and corrosion behavior to 

ensure their safety on usage. Effect of surface modifications techniques such as laser texturing, 

anodization, SMAT, plasma treatment on physiochemical and biocompatibility of two 

important materials Ti and Mg alloys will be presented in this talk. 
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Martensitic stainless steel grades such as 16 Cr-5Ni and 13Cr–4Ni are extensively used in 

hydro turbines due to their superior corrosion resistance and better mechanical properties. In 

hydro plants utilizing silt-laden water for power generation, these steels suffer from high 

velocity particle impact erosion as well as the flow induced cavitation. In order to mitigate the 

erosion damage, the critical components such as Guidevane, Runner, Labyrinth seal, Liner 

plates etc. are hard coated using a number of techniques.  The hydro plants utilizing silt-laden 

water for power generation suffers from severe metal wastage due to both particles induced 

erosion and cavitation.  The 86WC-10Co4Cr based thermal spray coating prepared through the 

High Velocity Oxy-Fuel (HVOF) technique is widely used on critical hydro plant components 

for achieving superior erosion resistance.  During the HVOF spraying of WC-CoCr, the intense 

heating occurs in the oxygen atmosphere, the spray particles are expected to get heated up to a 

stage of decarburization and promote the formation of brittle W2C phases. The technology of 

hard coatings processed through High Velocity Oxy-Fuel process (HVOF) is quite matured 

and key advancements in terms of coatings processed through lower spray temperatures and 

higher velocities such as High Velocity Air Fuel (HVAF) and warm/cold spray coating 

processes are being attempted. The comparatively higher particle velocity and lower spray 

temperatures in HVAF technology, gives dense and substantially non-oxidized coating.  

In the present study, the WC-CoCr hard composite coatings were deposited on the 

hydro turbine steels using two different thermal spray techniques such as High Velocity Air 

Fuel (HVAF) and High Velocity Oxy Fuel (HVOF). The slurry erosion resistance evaluation 

was carried out under conditions leading to uniform thickness loss at all the experimental 

conditions of velocity and impact angle. The insight into the surface degradation during erosion 

was attempted through Confocal Laser Scanning Microscopy (CLSM) and correlation of 

particle laden fluid flow characteristics during the impact on to the target coating surface was 

analysed through modelling tools like Computational Fluid Dynamics (CFD).  The erosion 

tests were performed with three different jet impingement kinetic energies and at five different 

impact angles. The influence of impact angle on the erosion wear behaviour of the coatings 
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was analyzed using CFD simulation technique. Erosion mechanisms were investigated in detail 

using SEM and laser scanning confocal microscopy.  

Among all the WC–CoCr coated samples evaluated, the HVAF coating has shown 

superior erosion resistance compared to the HVOF coatings. The HVAF coatings exhibited 

lower porosity levels (0.42-0.52), higher hardness levels upto 1470 HV0.3, toughness (1.61x) 

and higher surface compressive stresses (1.9x) and improvement in erosion resistance factor of 

2.3 relative to that of HVOF coatings were observed.  It could be attributed to the better 

adhesion, higher density, enhanced hardness and lower oxidation of the coated samples. The 

identified erosion mechanism during silt erosion in coatings included “layered material 

removal” under shallow impact angles and low cycle fatigue linked to repeated impact, brittle 

cracking and gross removal of WC grains from the matrix at 90° impact angles. 
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In the wide scale of bio materials there are intensive developments of ceramic reinforced 

polymer biocomposites. our works intends to explain the favorable effects of synthetic ion 

exchanged zeolite nanoparticles in polyurethane foam matrix. Industrial application fields of 

these materials are bio matrices and medical aidances. for experimental applications we used 

milled synthetic “A” type zeolite. single, binary and ternary ion-exchanged zeolite samples 

were prepared by ion-exchange reactions. first the zeolite was saturated with sodium ions 

which removed the other unnecessary ions and impurities from the structure. for this purpose 

1 g zeolite was added to 40 ml 1M NaCl solution. the ion exchange took place at room 

temperature for 24 hours under constant stirring. then the zeolites were filtered and washed 5 

times with distilled water to remove the excess amount of chloride ions from the samples and 

dried at 105℃. for single ion-exchanged systems 1 g zeolite was added to 40 ml 0.1M Ag-, 

Cu-, -nitrate solutions and the reaction took place at room temperature for 24 hours under 

constant stirring. dried ion exchanged zeolite were mixed with polyol phase and bowed up in 

form with izocyonurate. a favourable bacteria-killing effect of polyurethanes can be detected 

in case if zeolite treated with Ag+-ion which is used as filling material. the ceramic-polymer 

composite foams developed this way does not lose its formability. the silver added preliminary 

to the zeolite by an ion-exchange mechanism does not lose its bacteria-killing or fungicidal 

ability even after shape forming. the migration of Ag+-ions is not prevented by the 

polyurethane matrix. An ion-reexchange develops between the Na+ present in the body fluids 

and the Ag+-ion so the Ag+-ion can close the DNS chain of micro-organisms and the 

reproduction cycle stops. characteristically, the mechanical strength parameters are not 

influenced by the low degree of zeolite-filling. 
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The mechanical and physical properties of Mg-Ca alloys makes them suitable for temporary 

orthopaedic applications. However, the rapid degradation of these alloys in the physiological 

environment limits their use for such applications. Biocompatible coatings can be used to tailor 

the degradation of such alloys. The in vitro bio-mineralization, bio-degradation, and 

mechanical behaviour of calcium phosphate (CaP) coated Mg-Ca alloy with low Ca content 

was studied in supersaturated simulated body fluid (SSBF). The Mg-Ca alloys were pre-treated 

by HNO3 solution to form a protective Mg(OH)2 layer. The pre-treated samples were coated 

by CaP using supersaturated calcification solution (SCS). The bio-mineralization and 

biodegradation behaviour of the alloys were studied by conducting immersion test in SSBF for 

predetermined durations of 6, 12, 24, 48, and 72 hours. The surface morphology and 

composition of the degraded specimens were assessed using a scanning electron microscope 

(SEM) fitted with EDAX. The pH variation of the medium during the immersion test was also 

recorded during the immersion test. The mechanical behaviour in the physiological 

environment was assessed by evaluating the properties such as tensile strength and hardness of 

the sample after immersion in SSBF for different durations. It is found that the CaP coated Mg-

Ca alloy samples more bioactive that than bare Mg-Ca alloy samples. The rate of degradation 

was less for samples immersed for longer duration due to the nucleation and growth of CaP. 

Moreover, the rate of degradation of coated samples was controlled by the CaP coating and it 

helped in stabilizing the surfaces. The tensile strength of the samples decreased with immersion 

time, but the extend reduction in the same was reduced by the CaP coating. Hence the CaP 

coated Mg-Ca alloy can be used as a candidate material for degradable temporary orthopaedic 

implants. 
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Remarkable shape memory property of Nitinol (NiTi) originates from a diffusion-free 

reversible phase transition it exhibits upon cooling from the cubic austenite to a low-symmetry 

martensite structure. The precise mechanism of this martensitic phase transformation and 

consequent emergence of various low-symmetry structures are not understood yet. Here, we 

first resolve a puzzling issue of lower stability of the martensitic structure than the predicted 

base-centered orthorhombic structure lacking shape-memory. We derive an effective 

Hamiltonian to model the low energy landscape of NiTi obtained from first-principles 

calculations, and present results of its Monte Carlo simulations to determine its T-dependent 

phase transition and soft modes. Through Landau theoretical analysis, we confirm the cell-

doubling M50 phonon as its primary order parameter and show that relative strengths of its 

mailto:waghmare@jncasr.ac.in
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third order coupling with strain and two other secondary order parameters determine the 

symmetry of low-T structures emerging from its structural transition. These insights will guide 

strategies to improve shape memory of NiTi through substitutional alloying. 

 

KN-26 
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Extending the properties and performance of modern materials is increasingly linked to 

deliberate exploitations of certain specific microstructural phenomena. This familiar notion of 

a ‘microstructure-property’ relationship is becoming increasingly sophisticated and is enabled 

to new heights by virtue of the resolution available using advanced microscopy and 

computational simulations of materials phenomena. This lecture will present recent advances 

in the design of materials that are variously metastable, nanocrystalline or amorphous, and the 

way that the electron microscope and the atom probe microscope have enabled these 

developments. The presentation will focus both on microstructural design, and the enabling 

methodological advances in microscopy and simulation. On the microstructural side, 

concomitant enhancements of strength and ductility in engineering alloys will be presented. 

On the methodology side, correlative transmission Kikuchi diffraction and transmission 

electron microscopy will be introduced, and our recent advances in atom probe crystallography 

will be reviewed. Finally, the importance of these approaches to understanding the novel 

microstructures being generated in additive manufacturing will be discussed.  
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Soft magnetic materials are known to have low coercivity typically less than 1 A/m and 

moderate saturation magnetization. Metallic glasses which have amorphous structure, may 

have very low coercivity due to absence of crystalline anisotropy attributed to homogeneity of 

amorphous structure. Soft magnetic materials are used wherever energy cost reduction due to 

eddy current and hysteresis losses are required. Iron and Cobalt based amorphous soft magnetic 

materials specifically find their application in transformer cores, magnetic sensors, SMPS and 

inductors. Recently partially nanocrystalline materials have been reported to manifest further 

improvement in soft magnetic properties. Several Fe and Co based amorphous and 

nanocrystalline metallic glasses have been synthesized at our laboratory using rapid 

solidification technique. The understanding of kinetics and microstructure is required to control 

the magnetic properties.  The microstructures of these amorphous and nano-composites are 

characterized using Transmission electron microscopy, fluctuation microscopy, Positron 

annihilation spectroscopy etc. and then correlation with magnetic properties is established. The 

present work will show how controlled nanocrystallzation can be used tailor magnetic 
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properties. In addition, the effect of processing conditions on amorphous structure in terms of 

free volume and medium range order will be discussed. The structural characterization of 

amorphous ribbons will be used to understand the observed properties.  
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A new algorithm for generating glassy structures based on Monte-Carlo method using 

experimentally obtained short range properties is developed. Existing methods used for 

estimating properties of glass systems are Reverse Monte-Carlo (RMC), classical Molecular 

Dynamics (MD) and Ab-initio MD. The RMC method has the "Uniqueness problem" whereas 

the MD based method heavily depend on the starting structure used in the simulation. In the 

absence of correct random starting structures, the MD simulations produce structures that do 

not have the First Sharp Diffraction Peak (FSDP) characteristic of Intermediate Range Order 

(IRO) in glassy systems. Since MD uses unreasonably high quench rates to simulate actual 

quenching, the starting structure should be reasonably close to the glass structure so that 

searching the huge configurational space of random structures can be avoided. This study 

addresses the issue of making random starting structures for MD simulations of glasses. An 

algorithm is developed for this purpose and has been used to model the systems like SiO2 as 

well as complex systems such as Iron Phosphate Glasses. Finally, a detailed comparison of the 

structures modeled using different algorithms is carried out on basis of pair correlation function 

and ring statistics. 
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With advances made in the understanding of phase transformations occurring in various 

intermetallic phases it is becoming clear that the ω related phases have much wider temperature 

and compositional phase fields and have frequent occurrence than the initial assumptions where 

it was assumed that the occurrence of this phase is confined only to Group 4 elements. The ω 

-phase, which is an equilibrium phase in Group 4 metals at high pressure, forms in several 

alloys and intermetallics as a stable/metastable phase. The β→ ω phase transformation is 

essentially an instability driven phase transformation where a systematic collapse of atomic 

planes is induced in the β lattice either by pressure, temperature or by irradiation to initiate the 

phase transformation. It is because of this reason the progress of the phase transformation is 

expressed in terms of amplification of a sinosidal displacement wave. The formation of ordered 

ω phases can be viewed in terms of a superimposition of displacive and replacive ordering 

transformations where along with the lattice collapse of the β phase, a replacive transformation 

involving diffusion or random jumps of atoms is required for decorating different sub-lattice 

sites by different atomic species. The extent of overlapping of these transformations in the 

formation of ordered ω phases is not completely understood. However, attempts have been 
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made to explore this aspect by examining the sequential formation of several intermediate 

stable/ metastable phases. 

 In the present talk the formation of various ω -phases will be discussed. Specific 

examples from various intermetallics, particularly Zr and Ti based intermetallics, will be taken 

to show that these phases can be generated by the superimposition of replacive and displacive 

ordering of atoms in the bcc lattice. The role of vacancies in the formation of few of the phases 

will be discussed.  It will also be shown that based on the symmetry changes involved in the 

formation of these phases, it is possible to establish a structural relationship between various 

phases and using the crystallographic information a symmetry tree can be constructed which 

could be utilized in predicting the sequence of phase transformation.  
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Theoretically there are a multitude of possible glassy states with a wide range of different 

mechanical, thermodynamic and electronic properties. While accessing some of the 

theoretically possible states is difficult experimentally, there is opportunity to expand the 

current experimental range using treatments such as cryogenic thermal cycling (CTC). In the 

CTC process the metallic glass is cycled between room temperature and liquid nitrogen 

temperature. While it is possible to perform CTC in the lab, due to complexity and the nature 

of interference of experimental measurement it is difficult to accurately quantify what effect 

CTC has on the atomistic structure of the glasses and how the resulting properties are affected. 

In this work CTC has been investigated using molecular dynamics (MD), this allows repeatable 

control of the thermodynamics and access to microscopic detail which is beyond experiment. 

A large range of simulation Cu50Zr50 metallic glasses have been created and are cycled at 

different cooling/heating rates and holding times. The effects of CTC in terms of microscopic 

properties such as coordination number, local structural re-arrangement and macroscopic 

properties such as bulk modulus are presented. It is found that in both microscopic and 

macroscopic properties investigated CTC has a different effect over annealing at room 

temperature. The use of MD for analysis of this process commences an atomic insight into the 

effect CTC has on metallic glasses. 
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Atomistic simulations are employed to investigate thermally activated microscopic structural 

processes in a model binary glass system. To do this, potential energy landscape exploration 

methods are used to autonomously identify local potential energy minima and the saddle-point 

configurations separating them. These algorithms are the Activation-Relaxation-Technique 
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nouveau and Nudged Elastic band methods. The identified structural excitations generally 

comprise of atomic rearrangements typically involving 1 to 10 atoms, consisting of chain-like 

structures in which atoms displace to the positions of one of their neighbours. Multiple 

realizations of such structural excitations are found, and the statistics of their energy, structural 

length scale and structural environment are studied. Under zero applied load, it is found that 

the distribution of saddle-point (activation) energies peaks at a finite energy for well quenched 

samples. Under an external load this feature of the distribution is retained. For 

compressive/tensile loading conditions, the activation energy of structural excitations generally 

increases/decreases, resulting in a shift of the activation energy distribution. On the other hand, 

under a particular shear loading condition, the barrier energies may either increase or decrease, 

resulting in a broadening of the activation energy distribution. It is found that the sign of the 

far-field shear-stress signature of the structural excitation correlates strongly with whether its 

activation energy increases or decreases upon application of the shear strain. 
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This presentation will review the recent progress in the understanding of strengthening and 

plasticity mechanisms in metallic materials that have multilayered or hierarchical composite 

structures across nano-to-micro length scales. Examples will be presented from different model 

systems such as vapor deposited Cu-X (where X is a BCC refractory metal) thin films and 

laser-processed eutectics. The role of in situ straining experiments in TEM and SEM, and 

integration with atomistic modeling, dislocation theory and crystal plasticity in understanding 

mechanical behavior will be emphasized. The common aspects in interface-enabled mechanical 

behavior in hierarchical metallic composites such as unusually high flow strengths, high strain 

hardening rates, plastic co-deformability and suppression of shear bands will be highlighted. 
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The stabilization of certain phases, referred to as metastable phases in transition metal oxides 

such as tetragonal zirconia or hafnia or even extending the stability of the anatase phase of 

titania to much higher temperatures has been a subject of study since the pioneering work of 

Garvie. While the existence of such thermodynamically less stable phases has been attributed 

to the surface energy effects associated with crystallite size, the role of impurity atoms in the 

stabilization has also found acceptance. Synthesizing ceramics via precursor route, referred to 

as precursor derived ceramics (PDCs) provides possibilities to in situ crystallize and stabilize 

thermodynamically less stable phases confined with in a matrix at room temperature. While 

the use of the term metastable phases (at least with reference to the tetragonal phases of 

zirconia/hafnia) is contradicted in recent literature since it violates the nucleation theory, 
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experimental observations of the stabilization of these thermodynamically less stable phases 

are real irrespective of the reasons attributed. These stabilized phases confined in a matrix leads 

to interesting scientific phenomena which are not observed in stabilized phases that are not 

confined. For instance, unconfined tetragonal zirconia is detrimental to photocatalytic activity 

in visible wavelength in contract to its monoclinic counterpart. While the tetragonal phase of 

zirconia confined with in a matrix can be beneficial for visible photocatalytic activity. 

Similarly, confined titanium nitride nanocrystals in a matrix can exemplify plasmonic 

properties leading to very interesting applications that includes light harvesting, sensing and 

catalysis. The talk focuses on the design of stabilization of thermodynamically less stable 

phases and the related functional properties with prototypical examples.  
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Graphene oxide nanoplates (GOPs) have generated huge activity in many areas of science and 

engineering due to their high physical and chemical properties. They have been used as 

reinforcing in ceramic, metallic and polymeric materials in many engineering applications. 

However, the effective synthesis of bulk GOPs reinforced polymer composites remains a 

challenge because of the interfacial bonding and dispersion degree. In this work, GOPs were 

synthetized from commercial graphite powder using a modified Hummers’ method. The 

reaction mixture was decanted and the remaining solid material was washed with water and 

centrifuged successively until obtaining a neutral pH. Subsequently, the graphite oxide 

obtained was dried in a Heidolph rotary evaporator at 250 rpm and 60℃. The graphite oxide 

was then ground in an agate mortar, resulting in a powder with a grain size less than 400 μm. 

The powder was thermally exfoliated in nitrogen atmosphere at 150℃. The GOPs were added 

to a polyvinyl alcohol (PVA) solution, whose dispersion was achieved through magnetic 

stirring and ultrasonic agitation. Finally, the mixture was dried to obtain PVA- GOPs 

composites. For the dispersion degree and interfacial analysis, samples were sectioned by 

ultramicrotomy using a diamond knife; films of about 200 nm in thickness were obtained. One 

sample of each composite (0.1, 0.25 and 0.5 wt.% GOPs) was used for TEM characterization 

in scanning mode, which allowed to identify the interfacial bonding and to quantify the 

dispersion of the GOPs. Both horizontal and vertical spacing between nearest graphene oxide 

nanoplates was measured and the data were analyzed using a statistical distribution model. The 

mechanical properties of the composites were evaluated using nanoindentation tests, as well as 

tensile tests by dynamic mechanical analysis at room temperature. A significant increase in 

both the elastic modulus and hardness was observed with the addition of graphene oxide 

nanoplates. 

 

  



 

94 
 

CN-57 

Effect of the high current pulsed electron beam treatment on the surface 
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The microstructure modifications and corrosion behaviors of Mg rare earth (Mg-RE) alloys 

treated by high current pulsed electron beam (HCPEB) with different number of pulses were 

investigated. The microstructure, composition and phase component in the treated surface 

layers were characterized by using optical microscope (OM), X-ray diffraction (XRD), 

scanning electron microscope (SEM) equipped with energy dispersive spectrometer (EDS) and 

transmission electron microscope (TEM). The results showed the dissolution of large Mg-RE 

segregates, the formation of Mg-RE nano-precipitates and twins in the surface layers after 

treatments. Electrical impedance spectroscopy (EIS) and polarization tests in the 3.5 wt.% 

NaCl solution showed that the HCPEB treated Mg-RE alloy samples exhibited the lower 

corrosion current density, higher corrosion potential and polarization resistance than those of 

the untreated alloy samples. This is attributed to the homogeneous microstructure and 

composition with fewer defects in the surface layer after appropriate number of HCPEB pulses. 
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Earlier, high energy ball milling has been most successfully employed to explore and 

understand the progressive stages of non-equilibrium alloying. Here, an attempt has been made 

to examine the effect of ternary addition on the non-equilibrium solubility of immiscible 

elements. Such proposition is based on the fact that minor addition of a ternary element having 

higher valency than one of the elements of the binary system, at the same time having adequate 

solubility in the same, requires to create vacancy for maintaining the electron to atom ratio. 

Adequate concentration of vacancy will increase the disorder of the solid solution and may 

enhance the solubility of the immiscible element. 

In view of this, the effect of suitable ternary addition has been studied to establish the 

conditions for chemically induced enhancement of solid solubility in immiscible systems of 

technological interest.  A composite process route constituted by ball milling of rapidly 

solidified alloy precursor has been employed for synthesis of the metastable alloys. Controlled 

annealing of the metastable alloys has been employed to develop nanocystalline composite 

microstructures of immiscible constituents. The aforesaid scheme of non-equilibrium 

processing has resulted into nanocrystalline dispersion of magnetic solute elements like Co, Fe 

etc. in non-magnetic matrix like Ag, Cu etc. Such microstructures have resulted into interesting 

magnetic properties. 
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It is well known that application of severe plastic deformation (SPD) allows to produce bulk 

nano- and ultra-fine-grained materials with extraordinary mechanical properties mainly due to 

strong grain refinement of microstructure. It has been recently shown that SPD not only leads 

to the strong grain refinement and material strengthening but also can drive the unusual phase 

transformations such as formation or decomposition of a supersaturated solid solution, 

dissolution of phases, synthesis of the low-temperature, high-temperature or high-pressure 

allotropic modifications. In the current work, the thermal stability of metastable ω phase is 

investigated, which occurred due to α→ω phase transformation in the Ti-4 wt.% Co alloy 

subjected to high pressure torsion (HPT). It should be noted that the ω-phase is a high-pressure 

phase which does not exist on the Ti – Co phase equilibrium diagram. Usually, in pure titanium 

the high-pressure phase transition from α to ω occurs between 2 and 12 GPa, depending on the 

experimental technique, pressure environment and sample purity. The Ti-4 wt.% Co alloy 

before HPT was annealed at three different temperatures 400, 500 and 600℃, which 

corresponds to the (α+Ti2Co) state. The study of microstructure by means of XRD, SEM and 

TEM technique showed that HPT deformation resulted in: 1) strong grain refinement of 

microstructure, 2) fragmentation and partial dissolution of Ti2Co intermetallic phase, 3) α→ω 

phase transformation. The thermal stability of ω phase was examined by calorimetric and XRD 

in-situ measurements. It was found that the fraction of ω phase and the temperature range of 

reserve ω→α transformation strongly depend on the initial composition of cobalt content in the 

Ti-matrix and the fraction of Ti2Co intermetallic phase. 
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Nowadays, nonstoichiometry in Ti-O system and related atomic-vacancy ordering in their 

crystal structures attract vast attention of researchers. This interest is due to the 

nonstoichiometry which plays an important role in the stabilization of particular atomic 
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structures of both crystal and nanocrystal and provides possibility of controlling their 

properties. This work is devoted to investigation of phase transformation in titanium oxide 

Ti2O3 with different crystal sizes by means of in situ measurements of magnetic susceptibility. 

The crystals of t-Ti2O3 were synthesized by solid-phase sintering from a mixture of titanium 

Ti and titanium dioxide TiO2 powders in vacuum of 10-3 Pa at 1773 K. The nanocrystals of 

Ti2O3 powder were produced by high-energy ball milling of crystal t-Ti2O3 in a Retsch PM 200 

planetary-type ball mill. In situ temperature studies of stability and phase transformation of 

crystalline and nanocrystalline Ti2O3 have been performed by the magnetic susceptibility in 

the temperature range from 300 to 1200 K. According to analysis of the experimental XRD 

patterns, the crystalline Ti2O3 in the initial state contained one phase Ti2O3 (sp.gr. R 2/c). After 

a series of long-term heating, the structure of the crystal, according to the analysis, remained 

trigonal (sp.gr. R 2/c). For nanocrystal Ti2O3 we have observed other effects. The initial 

nanocrystal of Ti2O3 prepared by high-energy milling contained only trigonal phase Ti2O3 

(sp.gr. R 2/c). Long-term annealing of Ti2O3 nanopowder at different temperatures in the 

interval from ambient temperature to 1200 K gives rise to different phases: Ti9O10 (sp.gr. 

Immm), Ti4O7 (sp.gr. A-1), Ti9O17 (sp.gr. I-1), and Ti3O5 (sp.gr. I2c). It was established that 

the increase in the specific surface area upon milling into nanocrystals affects the crystal 

structure and magnetic susceptibility in nanocrystals. 
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The present work reports the effect of Ta on microstructure stability during spark plasma 

sintering of nanocrystalline W. Nanocrystalline W, W-Ta alloy powders were synthesized 

using mechanical milling/alloying. The nanocrystalline powders were characterized using x-

ray diffraction line profile analysis.  Further, the nanocrystalline powders were consolidated 

using spark plasma sintering up to 1600℃. The role of Ta on stabilizing the microstructure 

during spark plasma sintering of nanocrystalline W was investigated in detail using electron 

backscatter diffraction. The average grain size of spark plasma sintered W-Ta alloy was 

observed as one-tenth of W. The nanoindentation study shows that the hardness of W-Ta alloy 

is 25% more than the W. 
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The multicomponent high entropy alloys (HEAs) with eutectic microstructure can be obtained 

by judiciously modifying the alloy compositions. The present study is aimed at understanding 

the sequence of phase evolution during solidification in FeCoNiCrZrx (X= 0, 2.5, 5, 7.5, 10 at. 
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%) HEAs, synthesized by vacuum arc melting cum suction casting technique. It is observed 

that FeCoNiCrZrX (X= 2.5, 5 and 7.5 at. %) HEA shows eutectic microstructure consisting of 

FCC and Co2Zr-type Laves phase ((𝛾1). While FeCoNiCrZr10 HEA exhibits bimodal eutectic 

microstructure consisting of both lamellar eutectics (i.e. L ⟶ FCC (𝞪) + Co2Zr-type Laves 

phases (𝛾1)) and globular eutectics (i.e. L ⟶+ FCC (𝞪) + Ni7Zr2). The new pseudo-

quasiperitectic reaction i.e. L + Laves phases (𝛾1) ⟶ FCC (𝞪) + + Ni7Zr2 has been proposed 

for FeCoNiCrZr10 HEA.  

Secondly, the phase equilibria study of CoCuNiTiZr HEA has also been studied. The 

microstructure of CoCuNiTiZr HEA shows the presence of primary dendritic phase (i.e. L ⟶ 

L + BCC (𝛽)), peritectic morphology (i.e. L + BCC (𝛽) ⟶ Laves phases (𝛾1)), coarse eutectic 

(i.e. L ⟶ BCC (𝛽) + Laves phases (𝛾2)) and fine eutectic (i.e. L ⟶FCC (𝜶) + Laves phases 

(𝛾2)). The new pseudo-quasiperitectic reactions i.e. L + Laves phases (𝛾1) ⟶ BCC (𝛽) + Laves 

phases (𝛾2) and L + BCC (𝛽) ⟶ FCC (𝜶) + Laves phases (𝛾2) have been proposed for 

CoCuNiTiZr HEA. The mechanical properties of the studied HEAs are evaluated and 

correlated with microstructure. 
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An effort has been made to study the effect of Silicon addition and processing route on phase 

evolution and mechanical properties of CoCrCuFeNiSix (x = 0, 0.3, 0.6 and 0.9 atomic ratios) 

high entropy alloys. The present work deals with the synthesis of the CoCrCuFeNiSix high 

entropy alloys through two different routes i.e., spark plasma sintering and vacuum arc melting. 

The X-ray diffraction results reveal face-centered cubic structure along with the sigma phase 

after spark plasma sintering and it is also observed that the addition of Si favors sigma phase 

formation. Whereas, sample papered by arc meting route showed a face-centered cubic 

structure up to 0.6 Si addition. Further increase in Si (0.6=0.9) leads to the formation of Ni3Si. 

Enhanced microhardness and superior wear resistance were achieved with the increase in Si 

content from 0 to 0.9 in both synthesis routes. However, better physical properties were 

obtained by spark plasma sintered samples compared to the arc melted samples due to the 

formation of sigma phases. Furthermore, comparative analyses were performed based on the 

parametric approach to study the phase evolution. 
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Statistical learning based compositional design approach of amorphous 

alloys 
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Materials Informatics based data driven model has been developed to predict Glass Forming 

Ability (GFA) of metallic alloys. Various atomic attributes influencing GFA have been 

identified. The atomic fraction weighted sum of the elemental attributes for a given 
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composition was chosen to represent the alloy data, for experimentally synthesized 594 bulk 

metallic glasses (BMGs) database. A multi-variate statistical analysis technique, Principal 

Component Analysis (PCA) was applied to extract features, i.e.  the first three principal 

components (PCs). These Principal Components were observed to be highly co-related to the 

glass transition temperatures of the BMGs in the database. The BMG clusters on the two 

dimensional principal component plot were observed to be highly correlated to the Inoue’s 

empirical classification of BMGs. A genetic programming based code was used to derive a 

predictable GFA expression (PGp), bearing high correlation with the critical diameters of 

BMGs in the database. The predicting capacity of the PGp was demonstrated on various 

experimentally synthesized ternary systems. A genetic algorithm based compositional 

optimization, using PGp in the fitness function, was performed for promising amorphous 

compositions. The approach was experimental validated using mechanical alloying, comparing 

the amorphizing tendency of a literature reported good glass forming composition with the data 

driven model predicted compositions.  
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Materials science with 2D atomic layers 
Pulickel M. Ajayan 

Department of Materials Science and NanoEngineering, Rice University, Houston, Texas, USA 
E-mail: ajayan@rice.edu 

  

There has been tremendous interest in recent years to discover, explore and demonstrate unique 

properties and applications of 2D materials. This got started with the spectacular discovery of 

graphene. This talk will focus on the status of this field, with emphasis on the materials science 

of 2D atomic layers and their hybrids. Several aspects that include synthesis, characterization 

and manipulation will be discussed with the objective of achieving functional structures based 

on 2D atomic layers. The concept of artificially stacked van der Waals solids, atomically thin 

planar heterojunctions, and 2D layers based 3D constructs will be discussed using a number of 

examples consisting of graphene and other 2D layer compositions. The talk will explore the 

emerging landscape of 2D materials systems that include graphene, boron-nitrogen-carbon 

systems, and a large number of transition metal dichalcogenide compositions.  
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Nanoglasses – news from the amorphous state 
Horst Hahn1,2 
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Nanoglasses, in contrast to homogeneous metallic glasses, are constituted of two distinctly 

different amorphous components, one resembling the atomic structure of rapidly quenched 

glasses, one with a distinctively different, but well-defined, structure present in the interfacial 

regions. Such nanostructured glasses can be prepared by a variety of experimental routes: (1) 

mechanical compaction of amorphous nanoparticles with sizes in the range of 5-10 nm; (2) thin 

film deposition; (3) melt casting of alloys with special compositions; (4) energetic impact of 

small clusters. The differences in the atomic structure of nanoglasses result in drastic changes 

of the mechanical and magnetic properties, to biocompatibility. 

The talk will summarize the current knowledge on nanoglasses, which are prepared by 

route (1) and (4), emphasizing the differences of the atomic structure and the consequences on 

the mechanical and magnetic properties. The interfacial component is found to be structurally 

different from rapidly quenched glasses (RQ) and is characterized by an increased free volume, 

presence of medium range order, and typically combined with large differences in the chemical 

composition.  

In an attempt to increase the fraction of the amorphous interfacial component by 

reducing the size of the primary nanoparticles, a cluster ion beam deposition system (route (4)) 

was developed. Instead of the mechanical compaction employed in route (1) the cluster ions 

(500- 1.000 atoms each) were deposited onto a substrate by an energetic impact. For all impact 

energies, varied between 50 eV and 500 eV/cluster, the Fe80Sc20 samples are fully amorphous. 

EXAFS of the deposited cluster films shows drastic changes of the elemental building blocks, 

called structural motifs, of the amorphous structure, leading to substantial changes of the 

magnetic order as detected by a large shift of the Curie temperature. 

For both synthesis routes, it is concluded that an amorphous structure is formed, which 

has never been achieved by other means, and which represents a lower energetic state than 
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rapidly quenched metallic glasses. In summary, nanostructuring of metallic glasses provides 

an opportunity to alter substantially the mechanical, magnetic and thermal properties of 

metallic amorphous alloys. 
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Competition between L12 and B2/L21 precipitation in FCC based high 

entropy alloys: Multi-scale microstructures and tuning mechanical 

properties 
B. Gwalani1, V. Soni1, D. Choudhuri1, T. Alam1, S. Gorsse2, R. Mishra1 and R. Banerjee1 
1Department of Materials Science and Engineering, University of North Texas, Denton, TX, 

USA 
2CNRS, ICMCB, Pessac, France 

E-mail: raj.banerjee@unt.edu 

 

Often the experimentally observed single phase high entropy alloy (HEA) is the result of 

second phase precipitation constrained by thermodynamic and kinetic factors. This raises some 

fundamental questions regarding the impact of thermo-mechanical processing on the phase 

transformation pathways in these HEAs. These pathways lead to different combinations of 

phases, at multiple length scales, within these alloys. This presentation will focus on 

investigating and rationalizing how such transformation pathways can dramatically alter the 

microstructure and mechanical properties in face-centered cubic (FCC) based HEAs. Example 

systems to be considered include FCC-based 3D transition series alloys, such as 

Al0.3CoCrFeNi, Al0.5Co1.5CrFeNi1.5 and Al0.2Ti0.3Co1.5CrFeNi1.5. All these alloys inherently 

exhibit a competition between the precipitation of different ordered intermetallic phases, such 

as the L12, B2, and L21, within the FCC solid solution matrix. The thermodynamic rationale 

underlying such competition is the complex interplay between the driving force and the 

nucleation barrier associated with each of these phases. This interplay will be investigated in 

detail as a function of different thermo-mechanical treatments, resulting in differences in the 

homogeneous versus heterogeneous nucleation of the intermetallic phases. The resultant 

microstructural diversity within the same HEA can lead to dramatically different mechanical 

properties, as aspect which can be used for tuning their properties for various applications. 
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Phase-pure multicomponent equimolar oxides: A novel class of functional 

materials 
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The recent interest in high entropy materials has opened up a large number of opportunities for 

the development of different classes of multicomponent equimolar oxide (MEO) ceramics with 

phase-pure crystal structures. The fundamental premise appears to point to the fact that the 

presence of a large number of cations in a random fashion in the crystal sublattice results in its 

stabilization and that the overall properties of the compound is superior to those exhibited by 

the individual unary oxides. Two particular cases of nanocrystalline MEO have been 

considered here - one in which 4-5 transition metal cations stabilise into a phase-pure cubic 
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rocksalt structure (multicomponent equimolar – transition metal oxides, ME-TMO) and the 

other wherein 3-7 rare earth cations stabilise into a phase-pure fluorite structure 

(multicomponent equimolar – rare earth oxides, ME-REO). The selection of the cations in both 

the cases were made on the basis of Hume-Rothery and Pauling’s rules.  

Nanocrystalline ME-TMO and ME-REO powders were synthesised by a wet chemical, 

reverse co-precipitation (RCP) process as well as by aerosol processes (flame spray pyrolysis, 

FSP or nebular spray pyrolysis, NSP) using nitrate precursors. Standard characterization 

techniques were used to ascertain the phases and phase composition, and the crystallite size 

(X-ray diffraction, XRD), particle size and morphology (high resolution transmission and 

scanning electron microscopy, HRTEM and HRSEM), phase stability at different temperatures 

(thermogravimetry and differential scanning calorimetry, TG-DSC), bond structure (Fourier 

transform infra-red and Raman spectroscopy, FT-IR and FT Raman), oxidation states (X-ray 

photoemission spectroscopy, XPS) and bandgap energy (photoluminescence and diffuse 

reflectance spectroscopy, PL and DRS). The rocksalt type ME-TMO exhibited structural 

stabilisation as a single phase through the high configurational entropy achieved due to the 

presence of multiple cations in equiatomic amounts. These METMO show high room 

temperature lithium ion conductivity with superior capacity retention ability when used as an 

electrode material for secondary Li-ion batteries. On the other hand, factors other than entropy 

were found to stabilize the single phase in case of the fluorite type ME-REO. Further, they 

exhibited interesting optical properties like narrow bandgap that can be reversibly tuned by 

heat treatment under different atmospheres. These studies show that ME-TMO and ME-REO 

form a novel class of materials that can be used in a variety of practical applications along with 

a wide range of tuning possibilities. 
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X-ray diffraction intensities in concentrated multicomponent alloys 
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The decrease in the XRD Bragg peak intensity from concentrated multicomponent alloys 

(CMA), has been modeled in literature akin to the effect of temperature. In the current work, 

experiments and computations are used to comprehend the effect of atomic disorder in CMA 

on the Bragg peaks of powder XRD patterns. Ni-Co-Fe-Cr-Mn and Cu-Ni-Co-Fe-V have been 

used as model systems for the study. It is proved that the intensity decrease is not insignificant; 

but is not anomalous either. A recipe is evolved to compare the Bragg peak intensities across 

the alloys of a CMA. It is demonstrated that it is inaccurate to model the effect of an increase 

in atomic disorder in a CMA, as a temperature effect. A 'good measure' of lattice distortion is 

identified and further it is established that FWHM is a good measure of the bond length 

distortion. It is demonstrated that the true strain due to bond length distortion is of significantly 

lower magnitude than that given by a priori measures of lattice strain. In the scheme of 

categorization of defects in crystals is evolved based on the analyses. 
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Jae Wung Bae1,2 and Hyoung Seop Kim1,2 
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2Center for High Entropy Alloys, Pohang University of Science and Technology, South Korea 
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High entropy alloys (HEA) and medium entropy alloys (MEA) are a new class of advanced 

materials with a distinct alloy design concept and superior properties over conventional alloys. 

Due to the unique alloy design concept and remarkable properties, the field of HEAs has been 

one of the fascinating research areas in the materials science community. Recently, several 

studies have been focused on enhancing the mechanical properties of HEAs and MEAs through 

solid solution strengthening, grain refinement, precipitation hardening, and gradient 

microstructure. In the present study, mechanical properties of Al0.3CoCrNi MEA with 

heterogeneous microstructure was investigated. Thermo-mechanical processing was employed 

to achieve a heterogeneous microstructure in Al0.3CoCrNi MEA. Electron back scattered 

diffraction, scanning transmission electron microscope, and Instron tensile testing with digital 

image correlation technique were utilized to characterize the microstructural and mechanical 

properties. The thermo-mechanically processed alloy consists of major FCC phase (~90%) 

with a low fraction of nano-sized B2/BCC precipitates (~10%). The FCC phase was composed 

of heterogeneous microstructure with non-recrystallized grains (~12%) and fine (~3 µm) and 

coarse (~15 µm) recrystallized grains. The heterogeneous microstructure showed a remarkable 

combination of mechanical properties with a tensile strength of ~1.2 GPa and fracture strain of 

~ 33%. The loading-unloading-reloading testing was carried out to estimate the back stress due 

to the heterogeneous microstructure. The remarkable combination of strength and ductility will 

be discussed based on the heterogeneous microstructure, nano B2 precipitates, and back stress 

hardening. 
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Single-phase high entropy alloys (HEAs) are difficult to achieve a balance between high 

strength and high ductility. Single-phase FCC HEAs generally have high tensile ductility but 

low yield strength, while BCC HEAs have high yield strength but low ductility. Therefore, 

intermetallic compounds are usually used as the strengthening phase in the FCC-based HEAs. 

In the present work, the effect of Al content on the microstructure evolution and mechanical 

property in CoCrFeNiAlx HEAs were studied. And the nucleation and growth of the B2 phase 

as a common precipitate in the CoCrFeNiAl0.3 HEA was investigated in the atomic scale. The 

results indicate that the tensile strength of the HEA increased with the increasing volume 

fraction of B2 phase in the microstructure due to the Al addition from 0 to 0.3 (atomic ratio). 

Transmission electron microscopy revealed that the nucleation of B2 phase is associated with 
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the reaction between the dislocations and twin boundaries and the two different partially 

coherent interfaces result in an asymmetric nucleus growing into one side of the grain 

boundary. Our study can help understand the precipitation behaviors in fcc-based HEAs. 
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Spinels have the structure AB2O4, where A and B are metal cations which occupy the 

tetrahedral and octahedral sites of a unit cell. Due to significant magnetic, optical, electrical, 

and catalytic properties, spinels find applications in data storage, biotechnology, electronics, 

conversion reactions, and energy storage/conversion devices. The properties of these spinels 

are strongly dependant on the structure and composition. In recent years, high entropy 

multicomponent oxides form a new composition space wherein five or more metal cations are 

present in a single cation lattice resulting in novel and improved properties. In the present study, 

a high entropy, multicomponent spinel ferrite (MFe2O4, M= Co,Cu,Mg,Ni,Zn in equiatomic 

proportions) was synthesized using a Flame Spray Pyrolysis (FSP) technique. The synthesized 

powders were analyzed by X-ray diffraction, which confirmed the single-phase formation in a 

cubic crystal (spinel) structure. Using the Rietveld refinement method, the cation distribution 

at the A and B sites were estimated. Fourier-transform infrared spectroscopy (FTIR) further 

confirmed the single phase formation. FTIR results showed two significant absorption bands 

attributed to tetrahedral (high band) and octahedral (lower band) sites. The size and 

morphology of the as-synthesised powders were examined by high-resolution scanning 

electron microscopy (HRSEM). Magnetic and dielectric properties were measured, and the 

results presented. 
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Recently, it has been revealed by atomistic simulations that grain boundaries can undergo phase 

transformations leading to changes in material properties such as grain boundary diffusion. 

While faceting transitions of grain boundaries upon segregation had been reported earlier in 

literature, changes in the atomistic structure of grain boundaries as a function of chemical 

composition and/or temperature are experimentally largely unexplored. The excellent 

resolution of aberration corrected scanning transmission electron microscopy (STEM) provides 

direct access to the atomic structure of grain boundaries and their chemistry. In our studies we 

used bicrystals prepared in form of thin metallic films grown epitaxially on sapphire single 

crystals to study grain boundaries and their transitions in pure Cu. Bridgeman grown Cu 

bicrystals were alloyed with Ag to promote chemically driven grain boundary transitions, while 

structural differences of incoherent twin boundaries were studied in a cast polycrystalline high-

entropy alloy with and without C alloying. 
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In all cases grain boundary phase transitions or coexistence of two phase at the same 

grain boundary were observed. The structure motifs are discussed and compared to 

computational modelling. Strategies to determine experimentally whether grain boundary 

phases also impact material properties will be reported. 
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Nanostructured thermal barrier coatings: Challenges and opportunities 
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Thermal barrier coatings (TBCs) provide a heat barrier attribute to turbine hardware with the 

upshot that there are significant fuel savings. The mechanism of heat transport is via phonons 

that consist of discrete packets of vibrational energy. Thus, microstructural design to enhance 

TBCs revolves around impeding phonons by providing microstructural defects such as grain 

boundaries, and void networks that consist of cracks and porosity. 

This presentation will summarize the state-of-the-art coatings that are formed via PVD 

and thermal spray technologies. The knowledge gaps with regard to materials science aspects 

will be explored with a view to determining the critical features that require further 

investigation. The relatively new deposition methods such as suspension plasma spray (SPS) 

and solution precursor plasma spray (SPPS) will be described with reference to candidate 

materials and the microstructures that evolve. 

The intent will be to present a physical model that best depicts the functionality of the 

TBC structure that incorporates a material system that can be manufactured by current 

technology. The materials science of these metastable, amorphous and nanostructured 

materials plays a critical role in defining their utility. 
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It has been shown by researchers that incorporation of graphene/graphene oxide into metallic 

coatings substantially enhances their corrosion resistance property. This talk will focus on 

microstructural evolution and microstructure-corrosion property correlations in case of 

electrodeposited metal-graphene oxide composite coatings. Microstructural characterization of 

as-deposited and corroded composite coatings using ultra-high resolution technique such as 

transmission electron microscopy can provide information about the effect of 

graphene/graphene oxide on the evolution of the local microstructure (chemistry, grain size, 

and texture at the metal-graphene/graphene oxide interface). This information is essential for 

optimizing the graphene/graphene oxide content and other deposition parameters in order to 

achieve the optimum microstructure for enhanced corrosion protection. Research result on 

microstructure-corrosion behaviour correlation in SnNi-graphene oxide, SnZn-graphene oxide, 

and high entropy alloy-graphene oxide composite coatings will be discussed. 
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Over the last years, enormous attention has been paid to magnetoelectric compounds since in 

these materials it is possible to control magnetism by applying voltage (converse 

magnetoelectric effect, CME) or, on the contrary, induce an output voltage by applying a 

magnetic field (magnetoelectric effect, ME). These effects are of great interest for a wide range 

of applications such as energy harvesting, sensors, actuators or in tissue engineering. In this 

work, a two-phase composite material consisting of a magnetostrictive phase (FeGa) and a 

piezoelectric one (ZnO) has been fabricated by a simple two-step procedure that combines 

colloidal templating with sputtering.  Prior to sputtering, polystyrene beads were deposited 

onto 1cm2 Si/Ti(10nm)/Au(90nm) substrates by electrophoretic deposition to obtain a 

monolayer assembly. Subsequently, FeGa was sputtered first onto these substrates from an 

individual FeGa target at 150 W DC for 25 min and then ZnO was sputtered from a Zn target 

at 100 W DC for 30 min under reactive O2 atmosphere. Afterwards, the beads were removed 

by immersing the samples in chloroform, leaving a well-ordered porous structure underneath. 

The morphology was imaged through scanning electron microscopy. In turn, transmission 

electron microscopy and X-ray diffraction were used to assess the crystallographic structure of 

the produced layers. To study the CME, in-plane hysteresis loops were recorded using a 

Vibrating Sample Magnetometer (VSM). The voltage was applied using an electrochemical 

cell filled with an anhydrous electrolyte and mounted to a VSM sample holder (i.e., via 

formation of an electrical double layer). To disentangle the possible contributions from 

magneto-ionics and strain on the observed CME, porous FeGa samples (without ZnO) and 

flexible FeGa/ZnO porous compounds are also studied.  
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Enhancing plastic deformation with geometrically necessary twins in a 
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K. Jimmy Hsia1 
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Although the yield strength and elastic strain limit of submicron sized single crystals approach 

the theoretical limit, they exhibit minimal ductility compared to their bulk counterparts. Under 

tensile loading, dislocations in smaller volumes interact minimally with each other as they glide 

on remote and parallel slip planes before exiting from the sample surfaces. This diminishes 

their strain hardening ability and instead promotes strain localization along a shear offset. 

Enhancing the ductility of submicron sized single crystals is therefore a topic of significant 

technological and scientific interest. In this work, we used focused ion beam (FIB) to fabricate 

a unique submicron sized crystalline-glass bilayer configuration from a Zr based bulk metallic 
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glass composite. The bilayer, under isostrain conditions, is loaded in tension inside a 

transmission electron microscope (TEM). We observed that the combination of a very soft bcc 

crystalline phase, bonded with a very thin layer of an amorphous phase, can sustain strains of 

up to 12.5%. In contrast, both the individual phases fail at a strain of ~4.5%. Based on an 

analysis of mechanical constraints, it was determined that dislocation pile up on the (110) plane 

generates enough strain to nucleate geometrically necessary twins on the (112) plane. The 

utility of this design strategy is further discussed in terms of creating failure resistant single 

crystals.  
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Cryomilling and its application in mitigation of e-waste and developing 
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1Department of Metallurgical and Materials Engineering, Indian Institute of Technology 

Kharagpur, India 
2Interdisciplinary Centre for Energy Research, Indian Institute of Science, Bangalore, India 
3Department of Materials Engineering, Indian Institute of Science, Bangalore, India 

E-mail: kamanio@iisc.ac.in 

 

The ability of ball milling at sub-zero temperature, popularly known as cryomilling to synthesis 

free nanocrystals and their colloids opens up space for different technological applications. In 

this presentation, we shall talk about two such applications that we are currently working with.  

The first of these applications addresses the problem of e-waste and in particular the printed 

board used extensively in modern electronic and computing devices. The boards contain host 

of different materials that includes different metals and alloys and polymer. In the current 

process of mitigations, the polymers are burned to obtain concentrated mixture of metal 

particles. In general, only gold is recovered economically, and the gold content often 

determines the economic viability of the process. In the process of cryomilling most of the 

constituents get separated during milling to yield a mixture of nanoparticles of polymer and 

metals. These can be easily converted into colloids with most common of the colloidal medium 

is water. The colloids can then be used through gravity separation to different class of materials. 

Normally the top layer consists of light polymer particles, the middle layer a mixture of heavy 

polymer and light metals while the bottom layer consists of metals including gold and silver. 

These can be further separated through standard mineral dressing processes that lead to close 

to hundred percent recovery of e-waste to useful materials.  

The second example of the use of cryomilling is the preparation of silicon nanoparticles 

including doped nanoparticles which can be used for the fabrication of newer class of devices. 

We present the example of an inorganic TiO2/CuI heterojunction diode device that is fabricated 

by solution processing method. Here, the silicon nanocrystals (NCs) were embedded at the 

semiconductor-semiconductor heterojunction interface. The device with Si NCs shows 

enhanced diode current.  Schottky diode parameters obtained from the log-log plot of the 

current-voltage curve suggests compliance with space charge limited current (SCLC) transport 

mechanism. Capacitance measurements indicates that the trap density for Si NC device (1.27 

x 1010 eV-1cm-2) is twice that of the Reference device (0.7 x 1010 eV-1 cm-2). However, the 

diode current improvement is observed in Si NC device. Systematic analysis provides us with 

insight that the Si NCs act as charge traps. When the injected carriers fill these traps, tunneling 

of electrons occurs leading to an increase in diode current. 
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Nanotechnology and textiles 
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Textiles are unique engineering materials with exceptional properties, not seen in other 

engineering materials. They have extremely high strength yet extremely low moduli. They can 

be stretched to large strains and can recover impressively by a large extent. They show intense 

degree of fatigue resistance. These properties make them suitable candidates for a variety of 

technical applications in aerospace, automobiles, civil construction, agriculture, water 

management, defence, filtration, sports and medical related areas. 

The presentation highlights the role of nanotechnology in transforming textile materials 

into highly functional materials that make them suitable for a wide range of emerging 

applications. A few examples of research carried out at SMITA Research Lab will be presented 

and discussed. 
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Currently, titanium and its alloys constitute the most favoured implant metallic materials in the 

field of dental and orthopaedic surgery. However, despite the high rates of success of Ti-based 

implant materials, there still are serious problems of safety and long-term durability in the 

human body, resulting in repeat of surgical operations. For an implant material in contact with 

bone, both bulk and surface properties of the material have to be considered in order to improve 

cell–substrate interactions by the surface nano-featuring and to maintain long-term stability of 

the implant materials. Therefore, much research effort is dedicated to the development of new 

metastable Ti-based alloys with improved mechanical performance and biological 

compatibility expressed in low rigidity, high strength, composition of non-toxic elements and 

optimum surface conditions for osseointegration. 

Ti-based alloys offer a wide range of adaptable structures for use in different medical 

applications, especially in orthopedics. In the focus of our studies are the Ti-Nb-based alloys 

with various metastable structures (beta-type, martensitic, nanostructured, glassy), which are 

processed by controlled casting and severe plastic deformation as bulk material or by powder 

metallurgy as porous compacts. 

In the present paper we will show that by tailoring specific nanostructures (for example 

with bimodal grain-size distribution or ultrafine/nano-scaled grains obtained by severe plastic 

deformation) can produce unique combinations of properties, such as extraordinarily high 

strength and good ductility combined with high corrosion and wear resistance. 

 

  

http://www.smita-iitd.com/
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Nanomechanical behaviour of the as-deposited Ni1-xZrx (0.13≤x≤0.40) thin films deposited on 

Si-(100) substrate by DC magnetron co-sputtering of high purity elemental targets in argon 

atmosphere, has been investigated. These films have been found to be nanocrystalline with 

partly amorphous structure. Grazing incidence X-ray diffraction, as well as high resolution 

transmission electron microscopy studies have shown increase in the amorphous phase and 

Ni3Zr volume fraction at the expense of overall crystallinity, whereas the average crystallite 

size is found to decline with an increase in Zr concentration in the investigated films. 

Nanoindentation technique has been employed to examine the mechanical properties in 

nanoscale, such as hardness, elastic modulus, scratch resistance as well as strain rate sensitivity 

(SRS). Nanoindentation hardness and Young's modulus are observed to be influenced by the 

reduced grain size as well as the volume fractions of both Ni3Zr and the amorphous phase. The 

coefficient of friction obtained from nano-scratch experiments, decrease with Zr concentration 

primarily due to the increase in amorphous phase content.  

Constant strain rate dependent indentation experiments carried out on three selected as-

deposited films with varying compositions (Ni80Zr20, Ni73Zr27 and Ni60Zr40) at different loading 

strain rates at 25℃ and 300℃ have shown that all the films possess negative SRS exhibiting 

more negative value with increasing amorphous content, whereas nanoindentation at 300℃ 

tends to increase the SRS towards positive value. Further, with slowing down the loading strain 

rate, serration behaviour (pop-in events) during the loading section of load-displacement curves 

are realized due to activation of shear band mediated deformation in case of amorphous film. 

With the aid of molecular dynamics simulation along with the experimental outcomes, the 

above observations have been utilized to discuss the reason behind the negative SRS in the 

amorphous film. The simultaneous occurrence of strain rate dependent driven process during 

loading and time-dependent relaxation leading to the formation of shear transformation zones 

leads to negative SRS.       
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Effect of TiO2 nanoparticles on 4-aminobenzoic-PVC membrane for Cr (VI) 

removal and antifouling property 
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The study reports synthesis and characterization of TiO2 nanoparticles (NPs) and its effects 

upon incorporation in the polymer membrane matrix. The effects of TiO2 on membranes 

efficiency, properties and morphology are studied in detail. Poly vinyl chloride modified with 

4-amino benzoic acid was blended with polysulfone in optimum composition to get maximum 

possible productivity. TiO2 nanoparticles were synthesized via sol-gel process and prepared 

composites are characterized by XRD, FESEM, EDX and BET analysis. TiO2 NPs were added 

in the membrane matrix as nano fillers and the membrane performance properties were 

mailto:rahulmitra1966@gmail.com
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deliberated via contact angle, water uptake capacity, ion-exchange and pure water flux studies. 

Prepared composites were used to remove a toxic contaminant, Cr (VI) and the effects of 

pressure and pH were studied. Maximum of 87 ± 2 % rejection of Cr (VI) was obtained with 

productivity of 6.5 L/m2h at 100 kPa pressure in acidic medium. Antifouling studies revealed 

that incorporation of TiO2 NPs increased the flux recovery ratio (FRR) from 71 (control 

membrane) to 80 % (best performed membrane). Also, the presence of TiO2 enhanced the 

removal capacity of the membrane for Cr (VI) ions with reusability for continuous 3 cycles. 

 
CN-69 

Lead Free piezoelectric materials for energy harvesting 
S. K. S. Parashar1 and B. S. Murty2 
1Nanosensor Lab, School of Applied Sciences, Kalinga Institute of Industrial Technology 
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A perovskite structure of (K0.45Na)0.95LiNbO3 and BZT-BCT lead free ceramic with was 

prepared by High Energy ball milling followed by solid solution technique. Un-switching 

leakage has been observed drastically suppressed in all electric range due to restrict the space 

charge motion under polarization effect, however anomalous peak around (~ 2kV/cm) has been 

observed in switching leakage could be due to growth domain wall at this field which lead to 

increase the kinetic energy of charge carriers to move between the sample electrodes through 

the sample pores. Meanwhile, mechanism of dielectric tunability were studied and dielectric 

properties against DC bias electric field were interpreted by using Johnson’s 

phenomenological. Ferroelectric have been introduced, and the results shown properties 

estimated by P-E and PUND methods the remnant polarization appraised by PUND is (Qsw= 

1.831 µC/cm2) owing to contribute the switching charged density so, it will play an important 

role in the memory devices and energy storage applications “FRAM” theory. 
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Quasicrystalline (QC) and approximant phases present distinct physical and mechanical 

properties associated with the complexity of the unit cell, typically containing a large number 

of atoms. Properties such as low thermal conductivity, low friction coefficient and good wear 

resistance attracted important efforts in the development of alloys containing such phases. The 

main difficulties to design, or to discover, new QC-forming alloys are related to the narrow 

composition ranges in which such phases form and/or are stable. We revisited different Al-

based alloys composition, known to form QC phases, to study the effects of alloying and 

metastable processing in the formation of new QC or approximant phases. The systems studied 
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includes Al-Fe-Cu, Al-Cu-Fe-Cr, Al-Cu-Fe-Ni, Al-Ni-Co, Al-Ni-Co-Cr, Al-Fe-Cr-

(M=Ce,Ti,Mn,V) and Al-Co-Fe-Cr. Metastable processing included melt-spinning, 

atomization, HVOF and arc melting. Composites were also fabricated by different methods. 

We have performed full structural and microstructural characterization in several 

compositions. In addition, functional properties such as friction coefficient, surface adhesion 

energy, wear resistance and thermal conductivity were assessed in coatings fabricated by 

HVOF. We also suggested and applied combinatorial strategies, involving magnetron co-

sputtering and high-throughput XRD and EDX analysis, to map and design new QC 

compositions in the Al-Cu-Fe and Al-Cu-Fe-Cr systems. Results discussed in this work 

includes: reassessment of QC and approximant phase formation in Al-Co-Fe-Cr system; effect 

of Ni additions on the formation of the icosahedral Al-Cu-Fe quasicrystal; discovery of a 

decagonal Al-Ni-Co-Cr quasicrystal; composition range of formation of the decagonal Al-Cu-

Fe-Cr quasicrystal and fabrication of aluminum matrix composites reinforced with 

quasicrystals by conventional metallurgy fabrication methods. 
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Nanostructured quasicrystalline surfaces 
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Quasicrystals were discovered in 1982. There are two main structural families: the decagonal 

quasicrystals which have 10-fold quasicrystalline layers stacked periodically, and icosahedral 

quasicrystals, which have 2-, 3- and 5-fold symmetry axes.  The focus of the surface science 

and nano communities interested in these materials has primarily been on the surfaces of those 

quasicrystals which display “non-conventional” rotational symmetries, i.e. 5- and 10-fold 

rotations. 

However, the 2-fold and 3-fold surfaces of icosahedral quasicrystals can also be of 

considerable interest. In recently published work, we have demonstrated that C60 molecules 

adsorbed on this surface at room temperature form a Fibonacci square grid – the first physical 

manifestation of a prediction made in 2002 by Lifshitz. In this case the C60 molecules bond 

preferentially to Mn atoms in the surface layer, which are arranged in the Fibonacci square grid 

geometry. 

In a second study, the adsorption of Pb atoms on the 3-fold surface of the icosahedral 

Ag-In-Yb quasicrystal proceeds in an unusual way; instead of layer-by-layer growth as was 

observed on the five-fold surface, the atoms form quasicrystalline Pb nanoclusters by 

mimicking the structure of the underlying substrate. I will review these studies and discuss in 

brief implications of such studies for applications in fields such as photonics and phononics. 
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The present investigation reports a detailed study on the processing of Al-Cu-Fe 

qausicrystalline (QC) phase reinforced in 6082 Al matrix for developing (Al-QC) 

nanocomposites by mechanical milling followed by spark plasma sintering (SPS) technique.  

Initially QC particles was prepared in a vacuum arc melting furnace followed by crushing into 

powder. The Al-QC nanocomposite powder were then milled using high energy ball milling 

for 50 h, with the varying volume fraction of QC phase (10, 20 and 30 vol%). The SPS was 

carried out at a pressure of 500 MPa and holding at a temperature of 300 ˚C for 30 min. All 

samples were heated at a rate of 100 ˚C/min. The relative densities of the SPS samples were 

found to be highly satisfactory (>99%). The detailed microstructural analyses have revealed 

that the high pressure affects both the grain size and shape of the Al-QC nanocomposite. The 

mechanisms proposed for sintering of Al-QC nanocomposite is the cold welding, plastic 

deformation and diffusion arising from micro spark generated between particles during 

sintering. Attempts will be made to study the mechanical properties of SPS processed Al-QC 

nanocomposite using microindentation and compression tests at room as well as at high 

temperature. The 0.2% compressive yield strength of Al-QC nanocomposites will be evaluated 

in order to understand the improvement of mechanical properties of such nanocomposites. 

reinforcement. 
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Nanostructures, despite their potential, have faced barriers in deployment in device. This is 

particularly true for quantum dots (QDs), which offer band gap tunability wherein the size and 

band gap are fundamentally coupled. However, most syntheses approaches are such that QDs 

are rarely monodispersed, and hence the particle ensemble has a large size dispersion. This 

obviously limits its application. In an attempt to overcome the problem of size polydispersity, 

in recent times, we have shown that digestive ripening - a chemical machining and size 

focussing approach would indeed work for ceramics as well (metal oxides in our case). We 

have also elucidated the roles of precursors, solvents, and surface chemical interactions here. 

The observations are rather captured well using a modified Lee's model. The emerging 

questions - concerning ways to capture surface chemistry and thermophysics of quantum dots 

will be discussed, using molecular dynamics simulations we have carried out; the inter-atomic 

potentials for which have been derived by us using Bond Valence theory. While several 

applications are now emerging, spurred by our work; in this talk, we will focus on exciting 

recent results on energy storage.  
 

https://www.sciencedirect.com/topics/materials-science/cold-welding
https://www.sciencedirect.com/topics/materials-science/plastic-deformation
https://www.sciencedirect.com/topics/materials-science/plastic-deformation
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Fabrication of SiNWs with well controlled dimension has been the focus of intensive research 

for their usage in nano-electronic and opto-electronic applications such as MOSFETs, energy 

storage, biochemical sensors and solar cells. The SiNWs have been grown by a variety of 

techniques which essentially allows the VLS process to occur on a substrate. Considerable 

amount of efforts has gone in achieving control over the important nanowire aspects such as 

the SiNWs diameter and length, inner structure versus outer shell structure, uniformity of the 

diameter along the length etc. Another parameter is their geometrical orientation/alignment 

over a substrate. We have over the years established the process of growing SiNWs right from 

obtaining the metal nanotemplate to the controlled growth of SiNW by the HWCVP. In this 

talk I will elaborate on the role of the hot wire and the other process conditions in deciding the 

various aspects of the nanowire mentioned above. The rate of supply of the Si precursor, the 

kinetics of the growth and the dynamical change that occurs as the growth proceeds in the size 

and shape of the nanowire are discussed. Finally, I will discuss the results of our efforts to 

fabricate on-chip micro-supercapacitor and batteries. Thus, I will try to bring out the capability 

of the HWCVP in developing the SiNW based device technology.  
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Quasicrystal: A notable catalyst for hydrogen production and hydrogen 

storage 
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Hydrogen Energy Centre, Department of Physics, Banaras Hindu University, Varanasi, India 

E-mail: yadavtp@gmail.com 

 

The nanopartials, nanotubes and 2D materials have been proposed as catalyst for energy 

generation and storage because of their extraordinary properties and ease of production. In 

order to achieve this information, we have attempted to create a simple model catalyst of two-

dimensional layer quasicrystals. An ultrasonication-assisted exfoliation of polygrained 

icosahedral Al-Pd-Mn quasicrystals at room temperature shows the formation of a large area 

of mono and few layers in 3-fold quasicrystalline plane. The mono and few layered aperiodic 

planes render plentiful active sites for the catalysis of hydrogen evolution reaction. The 3-fold 

two-dimensional quasicrystalline plane exhibits a hydrogen evolution reaction over potential 

of ~ 100 mV (160 time less than bulk counterpart) and long-term durability. These systems 

constitute the first demonstration of quasicrystalline monolayer ordering in a free-standing thin 

layer without requiring the support of periodic or aperiodic substrate. In the next step of studies, 

we present here the effect of leaching treatments on surface morphology and chemical 

composition of different Al-based quasicrystals. The leaching treatments preferentially remove 

Al producing nano-particles of the transition metals and their oxides.  Further, the MgH2 

catalyzed with all leached versions of Al65Cu20Fe15 are better catalysts as compared to all 

without leached versions for improving the de/rehydrogenation characteristics. 

Dehydrogenation experiments revealed that the best result was obtained with MgH2 catalyzed 

with 5wt.% of 50h ball-milled subsequently leached Al65Cu20Fe15 QC alloy catalyst by 
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lowering the onset desorption temperature to ~250℃ from ~ 410℃. Desorption kinetics, 

absorption at lower temperature and cycling studies are also described in this investigation. 
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Strength and creep in nanocrystals 
Atul H. Chokshi 
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Grain boundaries play two opposing roles in the mechanical behavior of polycrystalline 

materials.  On the one hand, they strengthen materials by impeding dislocation slip transfer 

giving rise to the well-known Hall-Petch relationship at lower temperatures:  

𝜎 = 𝜎0 + 𝑘𝐻𝑃𝑑
−1/2 

 

where σ is the flow stress at grain size d, kHP is the Hall-Petch slope relating to the efficacy of 

grain boundaries in strengthening, and σ0 is a constant. On the other hand, at elevated 

temperatures, grain boundaries can weaken materials by the processes of grain boundary 

sliding and diffusion creep: 

𝜀̇ ∝ 𝐷𝜎𝑛𝑑−𝑝 

 

where 𝜀̇ is the strain rate, D is the diffusion coefficient, n is the stress exponent and p is the 

inverse grain size exponent.  Typically, for grain boundary sliding and diffusion creep 

processes, n≲3 and p>0. 

Thus, the slope kHP is expected to be positive when grain boundary strengthening is 

dominant, whereas kHP will be negative when grain boundary weakening is dominant.  The 

transition from grain boundary strengthening to weakening is expected to occur in fine grained 

polycrystals with grain sizes of > 1 μm when the testing temperature is ≿0.4 Tm, where Tm is 

the absolute melting temperature. It has been argued that the reduction in the transport path 

length from the micrometer to the nanometer range can enable softening processes to become 

operational even at room temperature. 

This presentation will examine critically the available experimental data in nanocrystals 

in terms of grain boundary strengthening and grain boundary weakening.  In addition, models 

proposed for creep in nanocrystals will be reviewed together with their experimental validation.   

 

PL-10 

Nanoparticles with atomic precision 
T. Pradeep 

Indian Institute of Technology Madras, Chennai, India 

E-mail: pradeep@iitm.ac.in 

 

Research in the recent past has resulted in a large number of nanoparticles whose properties depend 

on the number and spatial arrangement of their constituent atoms. This distinct atom-dependence 

of properties is particularly noticeable in ligand protected atomically precise clusters of noble 

metals. They behave indeed like molecules. They show unusual properties such as luminescence in 

the visible and near-infrared regions. Their molecule-like behavior is most elegantly shown by atom 

and structure conserving chemical reactions between them. Several clusters, which are archetypal 

nanoparticles, Ag25(SR)18 and Au25(SR)18 (-SR = alkyl/aryl thiolate) have been used for such 

reactions. Despite their geometric robustness and electronic stability, reactions between them in 

solution at room temperature produce alloys AgmAun (SR)18 (m+n = 25), keeping their M25(SR)18 

composition, structure and topology intact. We captured one of the earliest events of the process, 

namely the formation of the dianionic adduct, [Ag25Au25(SR)36]
2-, by electrospray ionization mass 

spectrometry. Molecular docking simulations and density functional theory (DFT) calculations also 
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suggest that metal atom exchanges could occur through the formation of adducts. Such isomorphous 

transformations between nanoparticles imply that microscopic pieces of matter can be transformed 

completely to chemically different entities, preserving their structures, at least in the nanometric 

regime. Intercluster interactions can also produce cluster dimers and unusual, well-defined alloys. 

They reflect the shell structure of certain reactants. Atom exchanges suggest interesting dynamics 

in solution, early results of these investigations will be presented. New experiments in this subject 

area confirm the fascinating chemical diversity possible in such systems. They are shown to exhibit 

properties useful for applications. 
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High entropy alloys with multiple phases are taken up for study of metastable effects due to 

undercooling and the microstructure evolution with respect to undercooling has been 

established. Predictions on the equilibrium phase formation using Thermo-Calc calculations 

are compared with actual experimental observations. The metastable microstructure was 

observed during undercooling and the morphological changes correlated with the currently 

available mechanisms. The growth velocity of selected HEAs at deep undercooling (~ 200 K) 

was compared with its derivatives. Detailed microstructure evolution in FeCoNiCuX0.5 (X= Al, 

Mo, Ti, W, Zr) shows the minute addition of these elements results in variation in 

microstructure evolution during as cast as well as undercooled condition. The studied systems 

show a maximum undercooling of more than 0.18 TL. and maintained crystalline nature even 

in deep undercooling. The segregation nature of elements was studied and correlated with the 

phase field simulations obtained. 
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By using non-conventional processing methods, such as segregation in ultrahigh gravity, new 

insights into possible glass-forming alloy compositions can be acquired. Metallic glasses are 

able to retain an amorphous structure upon rapid cooling from the melt and generally have 

compositions close to a deep eutectic. Therefore, ultrahigh acceleration processing may be 

employed for direct and efficient identification of eutectic compositions in multicomponent 

alloys, which, because of their high glass transition to liquidus temperature ratios, are predicted 

to be good glass formers. The parent glass-forming alloys also tend to feature dispersed phases 

which are close to or beyond their thermodynamic and mechanical stability. 

This study describes a high-temperature ultrahigh acceleration processing technique 

which was applied on various alloys produced with equipment designed and constructed in-

mailto:gphani@iitm.ac.in
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house. Binary and ternary alloy samples, as well as pure metals, were melted in a special Al2O3 

coated TZM (Ti–Zr–Mo) crucible and then slowly cooled during continuous acceleration of 

maximum 50,000g. The entire system works under high vacuum to avoid oxidation. Atomic-

level stratification is shown to generate more phases than predicted by the Gibbs phase rule 

under normal gravity. Modified phase diagrams in which new compositional fields and their 

corresponding structures are inserted will be presented and discussed. 
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Development of new polymer-based composite materials with high mechanical and other 

functional properties for bio-medical application is an important area of materials science. 

Some examples of such composites for application as the materials for different types of 

implants are given. 3D-printed porous bio-resorbable scaffolds based on polylactide and nano-

hydroxyapatite with shape memory effect for self-fitting implants is one of the examples of 

such applications. Hydroxyapatite nanoparticles acted as centers for the formation of additional 

rigid fixed phase that governed shape memory properties. Such scaffolds colonized by 

mesenchymal stromal cells have the potential to be used as self-fitting implants for bone 

replacement and could also be beneficial in the engineering of complex tissues. 

Another example is the architected UHMWPE 3D open-cell porous scaffolds 

simulating anisotropic trabecular bone tissue were designed and produced by a combination of 

3D-printing, powder filling and hot molding, and final leaching. This type of material 

completely copies the structure of bone tissue, SEM investigations confirmed the high 

perfection of the struts and nodes in the open cell architecture with pore diameters in the range 

0.7-3 mm. The scaffold surface texture was characterized by 250 μm asperities formed by 

templating of UHMWPE on the surface of PLA sacrificial 3D-printed matrix. 

Some additives were proposed to enhance the properties of UHMWPE for usage in the 

acetabular component for endoprosthesis of the HIP and knee joints. Multi-stage process 

including grinding carbon nanotubes and UHMWPE mixture in a ball mill followed by hot 

pressing and orientation stretching resulted in composite tensile strength increase in 6 times as 

compared with virgin bulk UHMWPE. 
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Graphene is considered as an excellent material for a wide range of applications. However, 

processing graphene on large scale to meet the commercial demands is still challenging. To 

mitigate this problem, researchers have been trying to develop various graphenaceous nano-

materials as alternatives to graphene in all the applications where graphene is useful. This is 

owing to the ease with which these nano-materials can be produced on large scale. In this 

presentation easy and large-scale processing of a variety of graphenaceous nano-composites 

will be discussed. Processing of various metal oxide nanoparticles using unique 
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environmentally benign reducing agents will also be discussed in this presentation. Direct laser 

writing of sub-wavelength features on hard surfaces such as diamond and SiC will also be 

presented. 
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Slurry fuels which consists of hydrocarbon fuel and high energy metallic elements are 

considered as potential candidates to increase the energy density of conventional hydrocarbon 

fuels for air breathing propulsion applications. Some of the widely investigated fuel additives 

are magnesium, aluminum, iron and boron etc. Nano sized additives in fuel provides large 

surface to volume ratio which facilitates more contact area for rapid oxidation and hence it has 

unique features to overcomes the problems of ignition delay, burning time and improved thrust. 

Among various nano additives nano boron is one which makes it better choice as potential fuel 

additive in liquid fuels due to its higher volumetric heat production. Cryo-milling of coarse 

grade elemental boron powder was investigated for possible generation of nano sized boron 

powder by cryo milling.  The as-milled powders were characterized by scanning and 

transmission electron microscopy (SEM/TEM) and x-ray diffraction (XRD) for powder 

morphology, average particle size, phase analysis and amorphous fraction. Thermogravimetric 

and differential scanning calorimetric (TG-DSC) studies were performed in order to ascertain 

the ignition point. The particle size and its surface area were also estimated by dynamic laser 

scattering (DLS) and BET techniques in order to correlate with the performance of the material. 

The results showed that the nano boron produced by cryo milling is partially amorphous. This 

paper presents about the work being carried out for development of nano boron powder by cryo 

milling. 
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Junctions between two dissimilar materials have been a topic of significant research interest 

due to novel interface physics and its direct importance on device performance due to the 

influence of defect states, structural and electronic discontinuities. Due to atomically thin 

semiconductor layer in 2D-3D semiconductors, investigating and understanding the nature of 

interface and its influence on the device characteristics becomes even more complex and 

intriguing. In this presentation, the influence of 2D-3D interfaces on the device characteristics 

of G-Si solar cell, MoS2-ZnS intermediate band gap semiconductor and MoS2-Bi2Te3 

thermoelectric devices will be discussed.  In the first example, graphene layers prepared by 

CVD method have been used as a top layer in p-n silicon junctions and an increase in efficiency 

from 5.3% to 8.9% is observed. Surface potential changes at the graphene -Si junctions in 

surface and junction modes have been examined using Kelvin probe force microscopy 
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investigations. Voc nanoscale maps derived from these measurements show that topographical 

impurities and wrinkled boundaries on the graphene surface affect affecting junction 

performance. In another study, patterned MoS2 2D layers having feature size varying from 10 

um to 1 um have been grown by a combination of stencil lithography and magnetron sputtering 

technique. Composite layers having wide band gap ZnS films and 2D MoS2 layers show 

increased interface voltage due to 2D character. In the third example, the influence of n-n and 

n-p interfaces in MoS2-Bi2Te3 and MoS2-Sb2Te3 devices on the electron and phonon scattering 

resulting in improved thermoelectric properties will be discussed. It is shown that due to limited 

thickness of the 2D layer, there is a large accumulation of charge at the surface which modifies 

the current transport across the junction. These results are very important for understanding the 

basics physics issue related to 2D materials based junctions. 
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An amorphous transparent and conducting ferromagnetic oxide can substantially reduce the 

cost and complexity associated with utilizing crystalline materials in a number of applications, 

including in magneto-electronics and energy. Recently, amorphous oxide films were formed 

from the quaternary system of Fe-Dy-Tb-O using pulsed laser deposition or e-beam co-

evaporation processes [e.g. Scientific reports 5 pp. 18157 (2015) and Scientific reports 6 27869 

(2016)]. Those works showed that amorphous films showing very high hall mobility, excellent 

transparency and/or magnetism (but not all together) could be synthesized and this was linked 

to a variety of factors, including deposition conditions, metal composition and oxygen content. 

Here we present collaborative work based on thin films formed by pulsed laser deposition 

starting from the metallic terfenol-D alloy target. Specifically, we show that it is possible to 

tune the electronic, optical and magnetic properties of this novel amorphous oxide by changing 

the oxygen pressure during film growth. The amorphous FDTO films can show large magnetic 

moment, semiconducting behavior with high electrical conductivity, and a large optical band-

gap, all of which can be tuned by varying the oxygen content during deposition. We applied 

this material to evaluating spintronic devices made with multiferroic BiFeO3. A strong 
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enhancement in the magnetic coercive field of FDTO grown on BiFeO3 demonstrated a large 

exchange coupling. FDTO also served as an extraordinary top electrode for ferroelectric 

switching in BiFeO3 with no sign of degradation after more than 10 gigacyles of switching. 

Furthermore, a room temperature magneto-electric coupling was also found through the 

modulation of resistance states of spin-valve structures using electric fields. This class of 

amorphous materials opens the possibility for applications as transparent conductors and room 

temperature spintronics. 
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Copper has good electrical and thermal conductivity which makes it useful for specific 

engineering applications. But its poor mechanical property necessitates strengthening of the 

same without adversely affecting its electrical conductivity for its use in electrical applications. 

Surface engineering approach does not adversely affect the bulk properties and among various 

such techniques, electro-codeposition technique is considered cost effective due to its simple 

operation, high production rate and capability to handle complex geometry.  

In the present study, Cu-ZrO2 composite coating was prepared by pulsed electro-

codeposition process from ZrO2 dispersed CTAB added acidic copper sulfate bath on a copper 

substrate to study the effect of CTAB concentration on structural, mechanical and electrical 

properties of the deposits. Coatings exhibited uniformly dispersed ZrO2 in Cu matrix which 

becomes finer at intermediate CTAB content. It showed duplex structure having very high 

hardness (3.23GPa) due to presence of ZrO2, nano-cone structured matrix with favorable 

crystallographic texture. Surface profile result confirmed high surface roughness due to duplex 

matrix formation. Tribological behavior was found similar to hardness results. It was also 

observed that CTAB addition marginally decreases electrical conductivity of the coatings. 
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The Al-Ni multilayers consisting of alternating layers of Al and Ni have potential application 

due to their high stored chemical energy, high energy release rate, and fast combustion. The 

interface as well as interdiffusion of atoms have great effect on phase transformation process. 

In this study, the Al-Ni multilayers (300 nm/200 nm) with total thickness of 4 nm were 

magnetron sputter-deposited on substrate of sapphire. The interface morphology and 

interdiffusion of the Al-Ni multilayers were studied by transmission electron microscopy 

(TEM) and atom probe tomography (APT). The asymmetric interface structure and atom 

interdiffusion in the interfaces were observed. The thickness of the Al/Ni interface of the as-
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deposited samples was about 3.4 nm while that of the Ni/Al interface was 3.9 nm. After 

isothermal annealing at 573K for 3h, the former increased to 4.3 nm but the latter significantly 

reduced to 2.1 nm suggesting different interface structure of the two interfaces. Due to the 

blocking effect of interface, Ni diffused only into the upper Al layer after annealing at 573K 

for 3h leading to slow reaction rate during phase transformation. APT analysis also reveals that 

Al could diffuse into the inner Ni layers and occupy the position of Ni in the lattice 

spontaneously, which helps to interpret spontaneous and rapid formation of this structural 

energetic material. 

 

CN-73 

Influence of laser surface treatment on the microstructure and properties of 

Cr3C2-25(Ni20Cr) cermet coatings containing solid lubricant 
A. Góral1, W. Żórawski2, L. Lityńska-Dobrzyńska1, M. Makrenek2 and M. Szlezynger1 
1Institute of Metallurgy and Materials Science, Polish Academy of Sciences, Poland 
2Laser Processing Research Centre, Kielce University of Technology, Kielce, Poland 

E-mail: a.goral@imim.pl 

 

The composite coatings containing particles of ceramic phase embedded in a metal matrix find 

a wide range of engineering applications due to improved mechanical and tribological 

properties. This paper presents the study of the effect of the laser surface treatment on the 

microstructure and mechanical characteristics of the cold sprayed Cr3C2-25(Ni20Cr) and Cr3C2-

25(Ni20Cr)-(Ni-graphite) cermet coatings. Impact Innovations 5/8 cold spray system with robot 

Fanuc M-20iA and positioner ZAP ROBOTYKA were used to cold spraying the coatings. The 

coatings were sprayed using Cr3C2-25(Ni20Cr) and Ni25C or Ni40C commercial powders on the 

Al 7075 alloy substrate. The surface of as-deposited coatings was laser treated using the laser 

CO2 TRUMPF TLF 6000 TURBO equipped with the set of heads and three-axial table. By an 

applying of cold spraying the initial powder phase composition was retained in the coatings. 

The scanning electron microscope investigations showed that Cr3C2 particles were 

homogeneously distributed within the deformed Ni20Cr matrix phase. Moreover, the ceramic 

particles were heavily fragmented due to high-velocity impact on the substrate or particles 

already embedded. The solid lubricant (graphite) was mostly distributed between crushed 

Cr3C2 particles or deformed matrix grains. The changes in the coating microstructure after laser 

surface treatment were investigated using scanning and transmission electron microscopes and 

X-ray diffraction technique. The laser post-deposition modification of coating surface 

enhanced its mechanical properties. The micro-indentation and Vickers microhardness tests 

were used to evaluate the mechanical properties of coatings. 
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Chalcogenides are highly interesting for their use as light absorber layers in solar cells and 

thermoelectrics due to their unique combination of high absorbance. Most popular materials 

include CdTe and Cu(In,Ga)(S,Se)2 for solar absorbers layers along with components CdS and 

Zn(O,S), often used as buffer layers. An emerging material with a growing research interest 
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are Cu2ZnSn(S,Se)4 and SnSe which are the subjects of the present study. These materials with 

complex crystal structure require further fundamental research to understand the process-

structure-property in order to enhance the quality of solar cells and modules. Thermoelectric 

(TE) materials are very promising in the area of waste heat energy recovery and can be an 

efficient energy harvesting devices. Particularly, SnSe chalcogenides based materials are most 

attractive owing to its interesting crystal structure leading to intrinsically low thermal 

conductivities. However, in most of the cases, heat sources have arbitrary shapes making them 

difficult to capture the waste heat efficiently with the conventional flat and inflexible 

thermoelectric devices. Nowadays, various fabrication methods are employed to develop a thin 

film thermoelectric generator (TEGs) with high of figure-of-merit (ZT > 1) by introducing low 

dimensional quantum confinement and lowering the lattice thermal conductivity. Therefore, a 

thin film flexible thermoelectric device offers an economical viability to produce TEGs with 

faster response speed enabling new device configurations and perhaps higher TEG power 

output with the use of efficient heat exchangers. Concepts of light trapping, improving 

absorption to increase the performance and reducing the cost of devices by simple low-cost 

process will be discussed. 
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Amongst the myriad fascinating properties exhibited by glasses is the phenomenon of 

viscoelastic damping that has begun to attract significant research interest. Traditional methods 

for probing damping under cyclic loading via dynamical mechanical tests fail to be useful for 

hard and brittle materials such as glasses, especially at large strain rates. Here, we overcome 

these shortcomings with the use of non-equilibrium molecular dynamics simulations to explain 

atomistic mechanisms for viscoelastic damping in glasses. Oscillatory shear simulations are 

performed at frequencies spanning nearly six decades (MHz to THz), in a wide range of model 

glasses including binary glasses such as Cu-Zr metallic glass (MG), Wahnstrom glass and 

amorphous silica, and unary glasses, namely, Dzugutov glass and amorphous silicon. 

Dependence of damping on various factors are elucidated, namely, the role of quench rate 

employed for the glass generation, the number of shear cycles, the shear amplitude, and the 

shear temperature. Certain unique commonalities are observed in the damping characteristics 

for all the glass models studied—(i) a peak in the loss modulus in the high-frequency regime 

(order of THz) and (ii) non-decaying, persistent damping in the low-frequency regime (order 

of MHz and below). The high-frequency peak is shown to arise from the excitation of the 

natural vibrational modes of glass that dissipate energy via harmonic coupling, while the 

persistent damping at intermediate and low frequencies is shown to result from long time-scale 

local, irreversible deformation.  
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The positive impact of nanomaterials has undoubtedly increased the environmental and 

biological burden from nano-embedded products. Once nanoparticles enter the environment, 

tracking their movement is a near impossible task, which makes assessing the impact of these 

nanomaterials difficult. Often, the problem encountered with nanoparticles is to differentiate 

between the background concentration and the newly accumulated concentration resulting 

from exposure to nanoparticles. This problem is accentuated further in the case of elements 

essential to organisms (Cu, Zn, Fe) as opposed to non-essential elements (Au, Cd). Once these 

nanoparticles are released in the environment we do not have the capability to differentiate 

between the exposed nanoparticles and the background concentration. Under such scenario, it 

is difficult for us to ascertain the ecotoxicological impact of these nanomaterials and 

environmental regulation of these particles becomes a major challenge. Currently used 

labelling approaches (dyes/phase contrasting agents, heavy metal doping etc.) fall short on 

several fronts such as, reliable attachment of labels on nanoparticles, radioactivity of 

radiogenic-labelled nanoparticles and toxicity from heavy metal doped nanoparticles. 

Therefore, it is imperative that nanoparticles can be tracked from point of manufacture to its 

ultimate fate inside the body or in the environment.  

We have demonstrated that stable isotopically labeled nanoparticles are identical in 

every sense (physicochemical, biological and environmental properties) to non-labeled 

nanoparticles. This allows isotope labeled nanoparticles to be used for all applications akin to 

non-labeled nanoparticles. Additional benefits of using this labeling approach is that the 

particles can be tracked forever and can be detected in extremely low concentration i.e. parts 

per trillion to parts per billion. We have demonstrated that isotopically labelled nanoparticles 

are identical in every sense (physicochemical, biological and environmental properties) to non-

labelled nanoparticles. This allows isotope labelled nanoparticles to be used for all applications 

akin to non-labelled nanoparticles. Additional benefits of using this labelling approach is that 

the particles can be tracked forever and can be detected in extremely low concentration i.e. 

parts per trillion to parts per billion. 
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Inorganic coordination compounds have the impact to be processed into inorganic oxide 

materials at relatively low temperatures and under benign conditions. They have the advantage 

compared to other precursor routes, that their molecular structure and elemental composition 

can be tailored with respect to their metal constitution and surrounding ligand environment to 

fit the needs of a specific application. According to their chemical composition and their 

molecular structure an understanding of oxide materials derived from such a molecular 

precursor route can be deduced. To achieve this the molecular conversion into a desired oxide 
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phase has to be unravelled. Once this is obtained, the conversion pathway of the precursor 

compound allows to understand oxide formation and based on that, the electronic material 

performance of the functional oxides. One of our interests in this area is devoted to the 

intriguing electronic properties of transparent conducting oxides and their application in field 

effect transistor devices. We will present our work towards preparation and properties of 

various metal oxide materials which are crucial for the fabrication of an all oxide based 

inorganic transistor device. 
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The present study investigates the utilization of industrially available high Phosphorous Pig 

Iron for preparation of soft-magnetic amorphous alloys. The study evaluates the glass forming 

ability (GFA) of multi-component Fe80C14P2.2Mn0.4Si3.4, (HPPI), 

Fe69C5.5P11.5Mn0.4Si2.3Cr1.8Mo1B8.5, (2A) and Fe68C9P12Mn1Si3Nb2B5, (3A) alloys melt spun at 

different wheel velocity (22,29,32, 35,40 m/s) simulating different cooling rates. The structure, 

thermal and soft magnetic properties of the melt-spun ribbons were studied using X-Ray 

Diffractometry (XRD), Differential Scanning Calorimetry (DSC) and magnetometry 

techniques. The alloy 2A and 3A exhibit and amorphous structure at all wheel velocity, 

whereas the HPPI alloy amorphizes at high velocity of 40 m/s. Amongst all, the alloy 2A show 

maximum GFA by depicting glass transition (Tg) and crystal onset (Tx1) temperature. The 

DSC thermogram of HPPI, alloy 2A and alloy 3A exhibit single, double and three 

crystallization peaks on de-vitrification, indicating the variation in amorphous stability of 

alloys and distinct crystallization behaviour. The HPPI alloy having partially amorphous 

structure exhibit high magnetic coercivity (Hc) of 71.6 A/m compared to 15 A/m for 

predominantly amorphous structure. The magnetic hardening is due to large magneto-

crystalline anisotropy (K1) contribution arising from fine Fe3 (C, P) precipitation. The thicker 

ribbons of alloy 2A and 3A (~50 µm) exhibit low coercivity of ~6 A/m compared to ~ 10 A/m 

of thinner ribbons (30 µm). Irrespective of quenching rate, the saturation magnetization of both 

alloys were ~ 1 T.  The variation in magnetic properties is mainly due to magneto-mechanical 

coupling and difference in short range ordering of atomic clusters. The present study supports 

the utilization of HPPI for the preparation of commercial soft-magnetic glassy alloys in ambient 

conditions. 
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The present study has investigated the influence of calcium process control agent on the 

microstructure and mechanical properties of Ti-6Al-4V alloy fabricated by high energy ball 

milling and spark plasma sintering (SPS). A small quantity of calcium (0.3 wt%) was added 

during milling to obtain balance between the cold welding and fracturing phenomena, high 

process-yield and low oxygen content. The milled and unmilled powder was sintered using 

SPS at 1250℃ for 15 min, under a uniaxial pressure of 50 MPa. The microstructure of Ti-6Al-

4V unmilled and milled powder sintered at 1250℃ showed typical Widmanstatten structure 

and the average grain size values of milled Ti-6Al-4V were found to be lower compared to 

unmilled Ti-6Al-4V. The samples sintered at 1250°C from the Ti-6Al-4V powders milled with 

calcium (0.3 wt.%) showed high yield strength (964 MPa) and ultimate tensile strength (1153 

MPa) and low elongation (5%) when compared to unmilled Ti-6Al-4V showed yield strength 

(875 MPa) and ultimate tensile strength (1057 MPa) and elongation (15%). The main reason 

for increase of yield and ultimate strength after milling was due to fine grain size. 
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In the present study, AlMg5–Al2O3 bulk nanocomposites were successfully fabricated using 

high energy ball milling followed by hot pressing technique. In this study, a novel cube milling 

technique was employed for higher milling efficiency and reduced oxygen contamination. The 

milling efficiency of cube mill was six times faster than commercially available planetary ball 

mill in dispersing up to 1 vol.% of Al2O3 nanoparticles in AlMg5 alloy. The AlMg5-

0.4vol.%Al2O3 nanocomposite exhibited superior mechanical properties compared to the 

commercially available wrought 5xxx series alloys. The microstructure characterisation of 

nanocomposites revealed the bimodal grain structure (both fine and coarse grains exist) with 

an increasing content of finer grains and high angle grain boundaries with higher reinforcement 

content. The main contributing strengthening mechanisms for achieving high strength were 

solid solution strengthening, dislocation strengthening, Orowan strengthening and grain 

boundary strengthening. Coarse grained regions in the bimodal structure, together with low 

angle grain boundaries were suggested to be the main source of retained ductility. This work 

also demonstrated the use of friction stir welding techniques to join these nanocomposites 

without any defects.  
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It is already well-known that nanostructured or ultra-fine-grained metals with mean grain sizes 

smaller than 1 micro-meter could be obtained by severe plastic deformation (SPD) processes. 

The nanostructure metals fabricated by SPD show very high strength, but their ductility 

(especially uniform elongation) is very limited. For recovering ductility, deformed materials 

are annealed to remove strain-hardened nature through recrystallization phenomenon. In case 

of conventional metals, such as aluminum, copper, or ultra-low carbon steels, annealing of SPD 

processed materials can certainly recover good tensile ductility, but minimum grain sizes of 

fully recrystallized microstructures are larger than 1 micro-meter and their strength decreases 

very much already. On the other hand, the authors succeeded to realize fully recrystallized 

nanostructures with mean grain sizes smaller than 400 nm in some austenitic steels even 

through conventional heavy cold-rolling and subsequent annealing (without SPD). The fully 

recrystallized nanostructured steels showed very high yield strength compared with their 

coarse-grained counterparts, but maintained good strain hardening leading to large uniform 

tensile elongation over 30%. In the presentation, microstructure evolution and mechanical 

properties of the fully recrystallized nanostructured steels will be shown in detail. 
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A novel ductile Fe56Ni20Mo4P11C4B4Si1 bulk metallic glass (BMG) with saturation magnetic 

flux density of 0.93 T, coercivity of 1.9 A/m and plastic strain of 7% was successfully 

synthesized in this work. Effects of Ni and Si additions on mechanical properties and serrated 

flow behavior of Fe-Mo-P-C-B BMGs were systematically investigated. It was found that the 

simultaneous additions of Ni and Si are effective to improve the plasticity of Fe76Mo4P12C4B4 

BMG as indicated by the increase in the plastic strain from 1.7% to 7%. Serrated flow behavior 

is not observed in Fe76Mo4P12C4B4 BMG. However, the chaos state occurs in 

Fe56Ni20Mo4P12C4B4 BMG, and eventually the self-organized critical (SOC) behavior appears 

in Fe56Ni20Mo4P11C4B4Si1 BMG. The stable shear-band dynamics leads to the formation of 

multiple shear bands, resulting in a complex deformation process follow the SOC dynamics. 

The improved plasticity might result from an increased number of potential shear transition 

zone sites, and a stronger tendency of forming shear band interactions. This work provides a 

perspective from serrated flow behavior to understand plastic deformation mechanism in Fe-

based BMGs with different plasticity. 
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Metal/ceramic nano-heterostructure are part of various materials systems that are found in 

integrated circuits, solar cells, oxide dispersion strengthened alloys etc. The interface in 

metal/ceramic nano-heterostructures provides an important tool to tune their properties, 

because of the large interface to volume ratio. Interfaces between metals and ceramics are 

assumed to be atomically sharp. We show that a certain combination of metal/ceramic 

heterostructure can form chemically graded interface at the atomic level. This present variant 

in the interface structure like continually varying elastic properties, crystal structure, which 

have not been well studied. 

Using a combination of experiment and modeling we show that Ti/TiN system can form 

compositionally graded across the interface. To explore other combinations of metal/ceramic 

systems that could plausibly result in the chemically graded, we performed first-principles 

calculations based on density functional theory to predict the formation of the chemically 

graded interface. In Ti-TiN, chemical gradation is attributed to the creation of N vacancy in 

TiN; and diffusion of N into the interstitial site of Ti. This provides a quantitative way to 

calculate the driving force to form a chemically graded interface. We have considered different 

combinations of metals viz., M = Ti, Zr, Hf, V, Nb, Ta, Al, Fe, Mg, Cr, and Mn and ceramics 

MaXb, where X= C/N/O, to evaluate if they can form a chemically graded interface. 
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Exciting a viscoelastic material with a small oscillatory perturbation can yield significant 

insights into the atomistic mechanisms governing relaxation phenomenon. Dynamic 

mechanical analysis (DMA) is a versatile tool to study the structural relaxations of amorphous 

materials that exhibit prominent peaks in loss modulus as a function of temperature. In this 

work, room temperature dynamic indentation was performed on Zr67Cu33 MG ribbon at 1 and 

2 mN loads. Small oscillatory loads of 50 and 75 μN have been superimposed on the applied 

loads during a frequency sweep experiment (10 to 160 Hz). The results indicate the loss 

modulus is independent of the frequency for this sample in the tested range. When the as cast 

MG ribbon was characterized through high resolution transmission electron microscopy 

(HRTEM), it revealed the profuse presence of nanocrystals with diverse crystallographic 

nature. The frequency independent dynamic response in this study is ascribed to the damping 

of oscillatory load by the nanocrystals and also due to insignificant internal friction. 
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Perovskite-type multiferroic oxide films like bismuth ferrite show interactions between several 

ferroic orders, namely ferroelectric, ferroelastic, ferromagnetic, etc. Symmetry-breaking 

structural phase transitions in bismuth ferrite below the Curie temperature lead to the formation 

of multiple polar domains which may be twin related. Variation in the epitaxial strain can be 

used to modify the domain patterns and modify the electromechanical coefficient of the 

films.  We develop a Ginzburg-Landau model to study the effects of epitaxial strain on the 

domain patterns of thin bismuth ferrite films epitaxially grown on lanthanum 

aluminate substrate with a strain tuning buffer layer. Variations in the thickness of the strain 

tuning layer causes the stabilization of tetragonal, mixed, and rhombohedral domains with 

different electromechanical responses. We compare our simulations with the experimental 

piezoresponse force microscopy studies.  
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Thin film metallic glasses (TFMGs) are characterized by outstanding mechanical properties 

with a unique combination of high strength (close to the theoretical limit) and ductility (> 10%). 

Recently, nanostructured TFMGs (nanoglasses) involving a nano-scale porosity have been 

synthetized and demonstrated interesting mechanical properties resulting from the activation 

of multiple shear bands. Nevertheless, the morphological control is often limited by the 

sputtering deposition, while a detailed understanding of the mechanical behavior and 

deformation mechanisms is far to be achieved. Here, we present recent results related to the 

synthesis and the mechanical characterization of nanostructured Zr50Cu50 (%at.) TFMGs 

deposited by Pulsed Laser Deposition (PLD). We show how the control of PLD process 

parameters (background gas pressure and laser fluence) enables to synthetize different film 

microstructures involving atom-by-atom or cluster-assembled growth, resulting in a variety of 

film structures including compact fully amorphous, amorphous nano-porous with tuned 

porosity content, and amorphous embedded with nanocrystals. Remarkably, high-resolution 

TEM reveals that PLD-deposited TFMGs show a unique nano-laminated atomic structure with 

alternated Zr-rich and Cu-rich layers. The micro-mechanical characterization, by means of 

photoacoustic spectroscopies and nanoindentation, shows that compact TFMGs have large 

elastic modulus (140 GPa) and hardness (10 GPa) which decreases for higher nanoporosity 

content. Furthermore, in-situ TEM tensile tests reveal that films have an outstanding yield 

strength (> 3000 MPa) and ductility (> 9%) product which depends on the nano-porosity 

content. Finally, the origin of this unique mechanical behavior is unraveled analyzing the local 

deformation mechanisms as a function of film nanoporosity and atomic structure. 
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Bulk ultra fine grained (UFG) / nanostructured (NC) alloys are produced by severe plastic 

deformation processes such equal channel angular pressing (ECAP), high pressure torsion 

(HPT), accumulative roll bonding (ARB), severe cold rolling at ambient and cryogenic 
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temperatures, high energy ball milling and consolidation etc. The UFG/NC materials usually 

exhibit significantly enhanced strength in accordance with the Hall-Petch relation. However, it 

has been recognised that the ductility/ strain hardening of the UFG/NC materials is rather low, 

thus limiting their engineering applications. Based on the understanding the deformation 

mechanisms of the UFG/NC materials several microstructural design strategies have been 

developed for improving the ductility of these materials. In the present talk, I will discuss some 

of the approaches for improving the ductility in bulk ufg/ NC materials. 
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Oxide dispersion strengthened (ODS) ferritic 18Cr steels are being considered for high 

temperature structural materials, such as, blanket materials for fusion reactors, fuel cladding 

materials for Gen-IV fission reactors and blades for ultra-super critical steam and gas turbines 

due to their excellent combination of high temperature strength, creep strength and resistance 

to corrosion, oxidation and neutron irradiation. The dispersion of fine and thermally stable 

oxide particles (Y-Ti-O) in the ductile ferritic matrix results in oxide particle pinned fine 

grained structure which remarkably improves tensile and creep strength at elevated 

temperatures. These fine dispersoids restrict the mobility of dislocations and grain boundaries 

and also act as effective trapping sites for both point defects and helium atoms generated during 

irradiation thereby increase the resistance to irradiation damage. The emphasis of this work is 

aimed at atom probe tomographic study of ODS-18Cr steel and developing understanding of 

the microstructural evolution and the resultant mechanical and oxidation properties of ODS–

18Cr ferritic steel. 
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High-entropy alloys (HEAs) show interesting combinations of properties which are being 

actively explored for upcoming generation structural materials with various potential 

application for normal as-well-as extreme conditions. In this work, the analytical and 

programming approaches were used to design light weight high entropy alloys based on various 

proposed thermodynamic parameters.  Based on the design, a lightweight Al35Cr14Mg6Ti35V10 

high entropy alloy was synthesised by high energy ball milling and spark plasma sintering. 

Scanning electron microscopy, x-ray diffraction and micro hardness testing were used to 

characterize as milled and bulk high entropy alloy. Microstructural studies revealed that the 

alloy contains two phase structure with HCP and BCC phases. The density of the alloy is 4.045 
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g/cm3 and the hardness is found to be around 460 HV. The hardness to density ratio of the alloy 

is found to be better than that of conventional Ti-6Al-4V alloy.  
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The microstructure of as-cast AlCoCrFeNi alloy showed dendritic solidification with an Al, Ni 

rich dendrite and Fe, Cr rich in interdendritic region. XRD studies showed BCC+B2 structure. 

Heat treatment performed at different temperatures showed the formation of FCC phase 

between temperatures 800 to 1100℃. Kinetics of FCC phase evolution was investigated 

utilizing the results from X ray diffraction (XRD) studies. Volume fraction of FCC phase was 

observed to be 30-35%. Formation of a sigma phase (˂ 1%) also was observed at low 

temperature. A systematic decrease in hardness from 540HV-390HV suggested increase in 

FCC content with heat treatment. Volume fraction of FCC phase with time at given temperature 

followed the Avrami equation Vf = 1- exp (ktn). Where Vf is volume fraction, t is aging time 

and k is is rate constant n is Avrami exponent.  

The values of k for different temperatures were obtained. The plot of ln k Vs 1/T was 

fitted to Arrhenius equation k= k0 exp(-Q/RT), to obtain activation energy for the formation of 

FCC phase.  The activation energy calculated to be 190 KJ/Mole. Higher activation energy for 

this alloy elucidated the dominant role of high configurational entropy of equimolar 

multicomponent elements. Further, detailed analysis of microstructure showed the 

transformation of BCC to FCC predominantly in the dendritic boundary, suggesting the faster 

transformation. 
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Metallic glasses (MGs) show extraordinary mechanical properties such as high mechanical 

strength (2–5 GPa), high elastic limit (on the order of 2%) and excellent soft magnetic 

properties. Pathways to further improve or tune the physical properties of MGs include 

inducing the formation of a dispersion of nanocrystals in the glass or altering the glassy state 

itself by relaxation or rejuvenation. In this work, we focus on the modification of the structure 

and properties of MGs by means of ultra-fast thermal treatment. Electrical pulses can achieve 

Joule heating of metallic glasses at rates many orders of magnitude higher than in conventional 

thermal processes. We have performed thermal treatments achieving highest heating rates on 

the order of one hundred thousand K/s up to the melting temperature of MGs, with the samples 

either in air or immersed in liquid nitrogen. We report representative results of flash annealing 

and of thermal cycling.  The structures of the samples before and after processing have been 
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characterized by means of X-ray diffraction (XRD) and transmission electron microscopy 

(TEM). The associated properties have been characterized by differential scanning calorimetry 

(DSC), mechanical testing, and magnetic measurements. 
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Recent work has demonstrated that altering the chemistry or structural state of the grain 

boundaries can improve a host of properties of nanocrystalline materials such as strength, 

ductility and thermal stability. Grain boundary relaxation (GBR) is one such route that changes 

the structural state of the grain boundary and renders the nanocrystalline material stronger. The 

excess energy developed by the grain boundaries during processing of nanocrystalline 

materials is apparently released during GBR leading to more stable configurations and higher 

strength. In this work we are investigating the effect of grain boundary relaxation on the 

corrosion behaviour of nanocrystalline Ni-P, a topic which has not been explored before. 

Nanocrystalline Ni-P free-standing foils with a starting grain size of 12 nm were produced by 

the pulsed electrodeposition route using the modified Watts bath. Differential scanning 

calorimetry (DSC) experiments were employed to ascertain the GBR regime and the same was 

validated through grain size measurements using XRD. Systematic heat treatments in the GBR 

regime of 200-300 °C rendered the material harder without changing the starting grain size 

which can be taken as evidence for the change in structural state of the grain boundaries. 

Corrosion studies using potentiodynamic polarization on the as-deposited Ni-P and the GB 

relaxed Ni-P material demonstrated an improvement in corrosion performance. The GB relaxed 

Ni-P material displayed more noble corrosion potentials and lower corrosion current densities. 

The talk will discuss the results from these studies. 
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Boiler tubes in coal-fired power plants suffer from high-temperature corrosion and erosion by 

impact of fly ash simultaneously, which is also referred as high-temperature erosion-corrosion. 

Whereas, several components of hydro-turbines in hydro-power plants are degraded by slurry 

erosion and cavitation. It is reported that the direct and indirect economic losses to these power 

industries due to such degradations are tremendous.  Therefore, surface coatings are usually 

applied on these engineering components to prevent their degradation by wear and corrosion. 

However, with ever-increasing demands for high plant efficiency and lesser downtimes, there 

is a need to develop more and more robust and high-performance surface coatings for these 

applications. This talk presents the work done by our group to develop several novel high-

temperature erosion-corrosion and slurry erosion resistant coatings for steam generation plants 

(boilers) and hydro-turbine components respectively. Performance of the developed coatings, 

which are deposited by various thermal spraying techniques such as plasma spraying (PS), 
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high-velocity oxy-fuel (HVOF) spraying, detonation-gun (D-gun) and cold spraying (CS), shall 

be presented. These performance data have been generated in simulated laboratory 

environments, as well as, in actual boiler conditions. Some insights, based upon the post-

mortem of the tested coatings, are given about their degradation mechanisms. 
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The unique properties of nanostructured materials obtained through wet chemical routes are 

now well appreciated and have been exploited to make viable products. Nanocomposite 

coatings derived from sol-gel process have been extensively researched due to several 

advantages they can offer to the field of surface engineering.  The most obvious advantage of 

organic-inorganic hybrid nanocomposite coatings is that they can favorably bring synergy 

between the dissimilar properties of organic and inorganic components in a single material, 

thereby paving way for generating multifunctional coatings in a single-step coating deposition. 

Sol-gel derived hybrid nanocomposite coatings have been found to be promising for diverse 

applications especially where environmental friendly alternatives are being explored, like e.g. 

hexavalent chrome-free corrosion protection (barrier and self-healing type) on metals/alloys, 

non-fluorinated easy-to-clean hydrophobic/ice-phobic, anti-reflection, fully dielectric solar 

control, up-conversion in solar cells, anti-bioadhesive antibacterial, self-

cleaning/photocatalytic, scratch resistance etc. This talk will focus on the various applications 

of sol-gel nanocomposite coatings that have been developed/demonstrated at our Lab for the 

Indian Industry. 
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This work focuses on identifying the unique microstructural features within plasma sprayed 

AlCoCrFeNi coatings, which lead to its lamellar microstructure and anisotropic properties. 

Through combining microscopy data and in-flight particle diagnostic information (i.e. particle 

size and temperature), it investigates the establishment of various coating conditions that lead 

to formation of certain microstructural artefacts such as spherical Al rich oxide and segmented 

HEA lamella. This work allows for the process control of coating microstructure, allowing 

desirable features to be formed favourably, hence improving the coating quality and its required 

properties.  
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Cold spraying is one of the most promising and emerging technology to deposit coatings with 

excellent quality, low porosity, high bond strength and hardness while maintaining an original 

phase composition of the applied powder. In this process, the spray parameters have a major 

impact on the properties of the deposited coating. Taguchi experiment (L9(34)) method was 

applied to optimize the spray parameters like graphite content, the composition of gases, 

standoff distance and speed of the gun to obtain better mechanical properties. The mixtures of 

powders Cr3C2-Ni20Cr (Diamalloy 3004) and Ni-25Graphite (Durabrade 2221) were sprayed 

on the Al 7075 alloy by means of cold spray system Impact Innovations 5/8 with robot Fanuc 

M-20iA. Nitrogen and helium were used as process gas. The microstructure and chemical 

composition of the powders and the coatings were analyzed by means of SEM Jeol JSM–7100 

and theirs phase composition was studied using Bruker D8 Discover diffractometer. The 

micromechanical testing of coatings was carried out with the use of nanoindentation technique 

(Nanovea) with a Berkovitz indenter (the Olivier and Pharr methodology). The topography of 

the coatings after spraying was analyzed by means of a Talysurf CCI-Lite non-contact 3D 

profiler. The combinations of obtained parameters elaborated on the base of analysis of 9 

samples allowed to obtain coatings with the best mechanical properties. 
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TiO2 nanoarrays can be used as photoelectrodes in solar-driven water splitting devices or as 

support material in electrocatalysis. For these applications tunable optical and electrical 

properties are important as wells as a large surface. In our study we use a mild, template-free 

hydrothermal synthesis route to fabricate TiO2 nanoarrays and modified their properties by 

various heat treatments in different atmospheres or by chemical etching. The nanoarrays are 

build up by 100 nm wide and several hundred nanometers long nanowires which have 

crystallized in the rutile structure. In the as-grown state, the nanowires are not single crystalline 

but consist of a bundle of nanofingers. Each of this nanofingers possesses a large number of 

defects, which act as recombination sites and limit the electron transport. Heat treatment in air 

results to a vacancy condensation and facetted voids form in the interior of the nanowires while 

the nanofingers merge to a single crystal via a zipper-like mechanism. The void shape is given 

by the Wulff-construction and the surface of the TiO2 surrounding the void is disordered and 

enriched with Ti3+ ions. This has been as determined by local electron energy loss spectroscopy 

performed in a spherical aberration corrected scanning transmission electron microscope. The 

as-grown nanowires are n-type semiconductors while the nanowires annealed in air show 

nearly insulting properties. Metal-like conductivity can be achieved when the annealing 
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treatment is done in a slightly reducing N2 atmosphere. This is related to the presences of a 10 

nm TiO2-x shell which surrounds the rutile core of the nanowire. 
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Bismuth Ferrite (BiFeO3) is a multiferroic material showing both ferroelectric and 

ferromagnetic properties. A lot of progress has been made to synthesize BFO through a variety 

of techniques to achieve desired structures and tailored properties. Literature review suggest 

that BFO thin films, nanoparticles, fibres and a few other morphologies have been reported. 

However, ordered and aligned 1 dimensional nanostructure, such as nanowires and nanorods, 

of BFO have remained a challenge. In this talk, I will present our recent efforts towards the 

successful fabrication of BFO nanorods on FTO coated glass substrates by simple chemical 

solution route. The optimization for Bi/Fe ratio, oxygen content, extent of crystallinity will be 

discussed in detail. Although, known primarily for multiferroic properties, BFO due to its band-

gap in the mid-visible region, presents an opportunity for solar energy harvesting. Further, 

being a complex oxide material, BFO can also be tailored through various defects for gas 

sensing application. The talk will be concluded with our recent results on photocatalysis and 

gas sensing using the BFO nanorods. 
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Solid oxide fuel cell (SOFC) is a green energy technology that directly coverts chemical energy 

into electricity. Scandia stabilized zirconia (SSZ) shows the highest conductivity among 

zirconia based electrolytes for SOFCs. However, the stability of the cubic phase, which is the 

desirable phase for high conductivity, can be an issue in SSZ electrolytes due to transformation 

of the cubic phase to the low-conducting phases at higher temperatures. The SSZ electrolyte 

was co-doped with ytterbia, gadolinia and ceria with an objective of improving the high-

temperature phase stability. Both the doped and co-doped compositions exhibited single cubic 

phase in the as-processed condition. The phase stability at high temperature was studied by 

aging the sintered pellets at 900 °C for 500 h in air. X-ray diffraction and transmission electron 

microscopy analysis revealed formation of small amount of the low-conducting tetragonal 

phase in 1 mol % Yb and Gd co-doped compositions on ageing which resulted in conductivity 

degradation. Increasing the doping level to 2 mol% prevented the formation of the tetragonal 

phase. The ceria doped composition (1 mol%), on the other hand, was clean without any sign 

of the secondary phases even after high-temperature ageing. The rhombohedral ‘β’ phase 

formed in the binary compositions (SSZ) after sintering but was absent in all the co-doped 

compositions. Thus, it can be said that rare earth co-doping is an effective way of improving 

the phase stability and conductivity of SSZ electrolytes.  
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This work describes the formation of single phase cubic Li7La3Zr2O12 (LLZO) compound by 

ball milling of lithium carbonate, lanthanum hydroxide and zirconium oxide powder mixtures 

and their heat treatment. Next, the powders were subjected to compaction by spark plasma 

sintering method. XRD, TEM and DSC/TG experimental techniques allowed full 

characterization of the final milled and heat-treated powders as well as sinters. 
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Complex oxides have been in the forefront of diverse fields of applications for energy, 

electronics, environment etc. All these applications are attributed to the presence of various 

types of crystallographic defects in them. The type, number and arrangements of these defects 

play a crucial role in determining their functionalities. The unique feature of complex oxides 

like perovskites is that they allow certain amounts suitable dopants/impurities within them 

without altering their parent lattice arrangement. However the type and percentage of these 

dopants will bring about some typical alterations in their crystal structure. These alterations 

such of change in crystallographic symmetry from centrosymmentric to non centrosymmentric 

nature, creation of anionic and /or cationic vacancies, interstitials etc are the desired material 

features needed for their functionalities so that they can be used for specific applications. This 

presentation involves an analysis of these aspects such as creation of specific types of defects 

in them, the resulting crystallographic analysis and a discussion on how these defects can alter 

the properties of these complex oxides so that they can be used for suitable clean energy 

applications. Materials for solid oxide fuel cells (SOFC), thermoelectric modules, 

photocatalytic hydrogen generation, solar cells etc will be discussed with specific examples. 
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The quest nanomaterials stems mainly from the manufacturing cost reduction, superior 

performance, power saving and miniaturization. Among various nanomaterials, magnetic 

nanomaterials dispersed in carrier fluids (popularly known as magnetic nanofluids) are found 

to exhibit interesting physio chemical and optical properties under a magnetic stimulus. Besides 

they are wonderful model system to probe and understand some fundamental phenomena such 

as phase behavior, order-disorder transition, self-assembly, molecular interactions etc. The 

main constituent of such magnetic nanofluid is superparamagnetic iron oxide nanoparticles of 

size ~10 nm capped with an appropriate stabilizing moiety. Owing to the field enabled physical 

property changes of magnetic fluids, they come under the category of smart materials. 

Over the last two decades, our group is specialized in synthesis, characterization and 

development of newer application for magnetic fluids. We have developed practical 

applications for magnetic fluids in optical devices, cation sensors (switches, filters etc), defect 

detecting sensors, smart cooling devices, dynamic sealing, bio medicine and cancer therapy. In 

my talk, I will talk about magnetic fluids, their interesting physical properties under various 

stimuli and their newly developed applications in sensors, electronics cooling, dynamic sealing 

and cancer therapy. 
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Nanocomposites allow us to design new materials with desired structural and functional 

properties. For flexible transparent conducting electrodes (TCEs), requirements include good 

electrical conductivity, optical transparency, and ductility. Conventional TCEs, based on 

indium tin oxide, are unsuitable for flexible applications due to the brittle nature of the ceramic. 

Hence, there is a need for a new TCE material, which satisfies the requirements of flexible and 

wearable devices. 

In this talk, I’ll focus on silver nanowire-based nanocomposites, obtained by blending 

nanowires and wide band gap metal oxides. Using suitable solvents and surfactants, the blend 

can be synthesized as a printable ink, which allows us to directly deposit desired patterns on a 

variety of substrates. We can also tailor the functional properties precisely, by controlling the 

relative amounts of the two components. Thus, optical transparency and electrical conductivity 

can be tuned over a wide range. The synthesized nanocomposites also provide advantages in 

mechanical and thermal properties, compared to pure silver nanowires. A particular application 

of these nanocomposites, as flexible transparent heaters, will be demonstrated. These can be 

integrated in wearable devices for local therapeutic applications. 
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Wet chemical approaches to nanomaterial synthesis provide great control over the sizes, 

shapes, and composition of nanoparticles. Most of the time these wet chemical procedures are 

carried out in batch processes/reactors. Conventional batch processes have several limitations 

regarding the scale up of nanomaterials synthesis. Continuous flow methods using 

microreactors are a successful alternative to the batch processes to scale up the synthesis of 

nanomaterials without compromising the quality of the materials. To develop any continuous 

flow process, we need to understand the batch process thoroughly and optimize them. We have 

taken up this task and embarked on a journey to develop methods to synthesize nanomaterials 

in a continuous flow manner. For this we have selected few cases like metal, metal oxide 

nanoparticles and semiconducting metal sulphide nanocrystals. In each of these cases that we 

have carried out systematic studies to understand the batch processes thoroughly and later 

extended the same knowledge to develop/transform these processes into continuous flow 

methods. In this talk we will first briefly introduce the different approaches for the chemical 

synthesis of nanomaterials that are being practiced. We will then take up some case studies and 

delineate the challenges involved in developing continuous flow methods for the preparation 

of nanomaterials. Our efforts in successfully overcoming these challenges to yield reproducible 

and reliable size and shape selective synthesis of different classes of nanomaterials will be 

described. Apart from these recently we have reported an easy convenient method to access 

large quantities of a novel class of 2D layered materials, namely, metal thiolates. We also 

expanded the scope of utilization of these thiolate precursors for the preparation of metal/metal 

sulphide nanocrystals using mechano-chemical routes. Interestingly these metal nanocrystals 

could be easily dispersed in non-polar organic solvents though no solvent was used during their 

preparations. The results of these findings will be presented in the talk. 
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Nanocrystalline materials, such as FINEMET, NANOPERM, HITPERM and NANOMET, 

characterized by specific microstructures, are playing an increasing role in specific 

applications, namely energy efficient magnetic devices, power electronics, electrically 

powered vehicles or nuclear reactors. Long cylindrical ferromagnetic wires with excellent soft 

magnetic properties have been of interest for numerous applications, mainly in sensing devices 

such as electrical current and magnetic field sensors aimed for medical and automotive uses, 

but also in domain-wall-based magnetic logic applications. 

Here we report on the magnetic properties of the Fe73.5Cu1Nb3Si13.5B9 (FINEMET) 

and Fe85-xMnxSi2B8P4Cu1 (x = 0; 1; 3 at. %) (NANOMET) nanowires and submicron wires, 

focusing on the origins of their peculiar characteristics and on the relation between structure 
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and properties, as the former evolves from amorphous to nanocrystalline. The domain wall 

propagation has been also analyzed, given its importance in the newly sought domain wall 

logic applications. The difference between the optimum annealing temperatures found in 

nanocrystalline ultrathin wires (nanowires and submicron wires) on one hand, and in 

nanocrystalline microwires, on the other, has been analyzed. The results show that this 

difference arises mainly from the interplay between the inter-grain distance and the 

characteristic exchange length. 
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Two-dimensional/nanolayered-WO3/WS2 heterostructures are known to demonstrate 

significantly improved performance when compared to 2D-WS2 in various applications, while 

2D-WO3 is known to show better electrochromic properties when compared to coarse grade 

and nanostructured 3D-WO3. In this study, 2D-WO3/WS2 heterostructures and 2D-WO3 were 

produced by controlled oxidation of 2D-WS2 nanosheet powders. Various grades of 2D-WS2 

nanosheet powders were synthesized by a gas-solid reaction using different grades of 

precursors prepared by high-energy ball milling, wet chemical method and microwave plasma 

processing. The oxidation of the as synthesized nanostructured 2D-WS2 was carried out in the 

temperature range of 30-700°C in air. It was observed that the heterostructures form below 

400oC while the complete conversion to 2D-WO3 occurs at and above 450oC. The structural 

analysis revealed a highly distorted monoclinic crystal structure of the as synthesized 2D-WO3, 

which is expected to play a profound role on its improved performance. 
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In order to produce high-temperature (HTPMs) and high-energy (HEPMs) permanent magnets, 

two types of Sm(Co1-x-y-vCuxFeyZrv)z alloys with different element content are used. The 

HTPM composition is enriched in Sm (z=6.8–7.2) and Cu (x=0.09–0.13), and depleted with 

Fe (y=0.07–0.12). The maximum energy product (BH)max of HTPMs at room temperature is 

approximately 20 MGOe; the temperature coefficient of coercivity β, –0.2 %/оС, and the 

operating temperature Tw≈500℃. Due to the high Sm content, the volume fraction of the 

https://www.sciencedirect.com/science/article/pii/S0921883117305198#!
http://vssc.gov.in/
https://www.isro.gov.in/
mailto:joydip@arci.res.in
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Sm(Co,Cu)5 phase (1:5) in the cellular structure of the HTPMs after the heat treatment can 

reach 30–40%; and the microchemical analysis reveals that the Cu content in the 1:5 phase 

reaches 15–20 at %. Such composition results in the magnetic anisotropy constant of the 1:5 

phase, К1(1:5), being higher than that of the cell interior Sm2(Co,Fe)17 phase (2:17), К1(2:17). 

Micromagnetic simulations demonstrate that, in HTPMs, at room temperature, the repulsive 

pinning is observed. With increasing temperature, К1(1:5) abruptly declines; and at 

temperatures close to the Curie temperature of the 1:5 phase ТС(1:5), К1(1:5)≈К1(2:17). In the 

case of certain values of x, y, v, and z, this effect can cause the anomalous temperature behavior 

of the coercivity Нс. (BH)max of the HEPMs at room temperature reaches 32–35 MGOe. 

However, because of a rapid decline of Нс with increasing temperature, their Tw does not 

exceed 300℃. Due to low content of Sm (z=7.5–7.8) and Cu (x=0.04–0.06), as well as high Fe 

content (y≥0.28), the volume fraction of the 1:5 phase in the HEPMs usually does not exceed 

15%. Despite the low Cu content in the alloy, after the completion of the heat treatment, Cu 

content in the 1:5 phase can reach 30–40%, which abruptly decreases К1(1:5). Consequently, 

Hc of the HEPMs is controlled by the attractive pinning in the entire temperature range from 

room temperature up to ТС (1:5). 
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An attempt has been made here to map localized strain (lattice distortion) by means of 

interpretation of direct contrast of high-resolution aberration corrected TEM images. The 

technique is difficult since the atom column contrast is governed by several parameters viz., 

thickness, defocus and drift apart from localized strain. The material used for testing the 

concept was synthesized by employing cryo-rolling in multiple passes so as to impart a true 

strain of the order of 2.3 on a commercially pure (CP) Ti. The technique resulted in the 

production of bulk nanocrystalline CP-Ti with grain sizes reduced to hundred nm or less 

starting from few micrometers.  An observed localized linear contrast in the experimental 

HRTEM image of the material was attributed to a fluctuation of tensile and compressive strain 

along the atomic columns. 
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In electron microscopy, there is a long-standing problem to image the wet specimens (e.g. 

biological specimens and colloidal solutions) without losing the information. Liquid cell TEM 

holder has given an alternative to cryo TEM and negative staining techniques popularly used 

in case of the wet specimen. Both last two methods are known to induce image artifacts. For 

the reliable information to understand the dynamic functions or processes, it is very essential 

to study intact specimen especially biological structures in their native; fully hydrated 

environments. Use of liquid cell TEM holder gives us the freedom to do real-time imaging of 
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wet specimens in their native wet environment with nanometer resolution.  In the talk, we will 

be presenting the real-time in-situ TEM studies of protein template magnetic nanoparticles. In 

this work, we have used the bio-mimetic route to synthesize magnetic nanoparticles using a 

bacterial protein His-Mms6. It has been already reported that magnetotactic bacteria use this 

protein in-vivo to synthesize magnetite nanoparticles (Fe3O4). Mms6 protein has hydrophilic 

C-terminus rich in amino acids containing hydroxyl and carboxyl groups; it also contains a 

hydrophobic N-terminus. It is believed that the C-terminus is responsible for binding the iron. 

This talk will also cover the imaging of magnetotactic bacteria and the magnetic nanoparticle 

synthesize by these bacteria using the biomineralization process.  
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We employ large scale molecular dynamic simulations to study the degree of heterogeneity 

within the shear band formed in a model glass in the athermal limit. The heterogeneity, 

demonstrated as spatial variations of microscopic quantities such as density, local strain and 

viscosity, is tracked along the shear band, which is found to be deflected with respect to the 

propagation direction. A strong position-dependent behavior is observed in all the quantities 

demonstrated by a sinusoidal-like pattern with two distinct length scales. We find out that the 

perturbation, mechanically introduced to the system, influences the large length scale, and thus 

changes in independent simulation systems while the smaller one, associated with the size of 

the spatial rearrangement of STZs, behaves like a material specific property and remains 

unchanged. The correlations of the local quantities are also calculated at every deflected 

segment of the shear band providing a quantitative analysis of its underlying mechanism and 

local environment. 
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High entropy alloys (HEA) have attracted a lot of attention in the last decades mainly due to 

their good mechanical, and thermal properties. HEA include five or more alloying elements 

forming random solid solution phases. Based on the existing phase diagrams, multicomponent 

alloys would expect to contain many different phases. However, it is assumed the high value 

of the configurational entropy promotes the formation of simple solid solution phases inside 

the multicomponent alloys. It is crucial to understand why some multicomponent alloys can be 

formed as a single phase whereas some others cannot. In order to answer this question several 

methods using atomic descriptors, empirical rules and thermodynamic modeling have been 

proposed. These approaches suffer however from insufficient experimental data. Therefore, the 

prediction of alloys that can form random solid solution phases remains a challenge hindering 

the discovery of novel HEA and the understanding of what is driving their phase stability. In 

this work, we use DFT calculations to shed light in the relative thermodynamic stability of 
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BCC and FCC random solid solutions. Using a regular solution model fitted on DFT 

computation, we created a database of almost 80,000 FCC and BCC alloys up to the quinary. 

We will report on the technical challenges in building this database and on the understanding 

of what is driving phase stability in HEA that one can extract from such a large data set. 

 

CN-93 

Microstructure development, mechanical behavior of pure Mo, Mo-Ni and 

nano Y2O3 dispersed Mo-Ni alloys fabricated by mechanical alloying 

pressureless sintering 
G. K. Behera1, A. Patra1 and B. Mishra2 
1Nanomaterials Research Laboratory, Metallurgical and Materials Engineering Department, 

National Institute of Technology Rourkela, India 
2Dalmia Institute of Scientific and Industrial Research, Rajgangpur, India 

E-mail: anspat.met@gmail.com 

 

Mechanical alloying is the candidate method for fabrication of Mo-Ni based alloys owing to 

wide difference in melting point and inadequate bilateral solubility. In the present investigation 

pure Mo, Mo90Ni10, Mo89Ni10(Y2O3)1 alloys (all composition in weight%) have been 

synthesized by mechanical alloying for 10 h and consolidated by pressureless sintering method 

at 1400℃ and 1500℃ for 2 h. The study reveals the stepwise modification of microstructure 

to enhance the mechanical property by Ni and Y2O3 addition. Ni in Mo facilitates liquid phase 

sintering to enrich the densification, whereas Y2O3 addition refines the grain size and enhances 

the mechanical properties. The grain size distribution is bimodal with combined addition of Ni 

and Y2O3. Formation of Mo-Ni intermetallic is evident at the interface of Mo matrix. Maximum 

densification, hardness and strength are recorded as 90.44%, 8.73 GPa, 1.95 GPa respectively 

in Mo-Ni-Y2O3 alloys at 1500℃ owing to superior particle bonding at higher sintering 

temperature and dispersion strengthening mechanism. The fracture morphology is primarily 

particle shearing and microvoid formation, however mixed mode cracking (intergranular and 

transgranular) is observed in alloy Mo89Ni10(Y2O3)1. Most importantly the Y2O3 particles are 

dispersed along the interface and within the Mo matrix which is favorable for improving the 

toughness of the material. 
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The development of bulk materials with non-equilibrium microstructural features and 

exceptional mechanical properties has been projected to be the prime mover for the 21st 

century materials’ revolution. The rapidly solidification is one of the variants of non-

equilibrium process routes and has gained tremendous interest due to its effectiveness in giving 

rise to unprecedented mechanical and physical properties. But the process is restricted only to 

small material dimensions. However, synthesis of bulk materials with inherent rapid 

solidification effect has been made possible employing layer-by-layer deposition of 

undercooled liquid droplets. The process has been employed by the authors to synthesizing 

aluminium based bulk amorphous, quasicrystalline, nano-crystalline materials as well as high 
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entropy alloys, which have shown unprecedented solidification/microstructural features and 

mechanical properties. These novel microstructure features in the bulk deposits of various 

alloys are attributed to the “chilling effect” on undercooled droplets during deposition and rapid 

heat extraction thereof. The effect of process parameters and mechanisms of microstructural 

evolution involved in the formation of these materials in bulk has been brought out. 
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Discovery of bulk metallic glasses is a significant milestone in the study of multicomponent 

alloys, which subsequently led to the realization of the importance and the excitement that 

exists in multicomponent, mostly equi-atomic high entropy alloys. Although, both the alloys 

are multicomponent in nature, there are certain aspects which are fundamentally different, and 

they extend different scientific opportunities. In bulk metallic glass forming alloys, sluggish 

crystallization kinetics is exploited to retain the amorphous structure, which can be extrapolated 

with caution to the structure of multicomponent metallic liquids. Direct probe into the 

amorphous structure, the short range ordered domains that exist there in and the phases that 

crystallize at the initial stages, throw lights into this hitherto unsolved problem. Quite a few 

glasses at the initial stages of crystallization gives rise to quasicrystals, which are further 

transformed into complex-crystalline intermetallics. Some glasses phase separate and some 

give birth to complex-crystalline intermetallic phases. Systematic high-resolution microscopy, 

direct structure imaging of such phases on a large number of glass forming alloy systems 

indicates that the structure of the phases is polyhedral in nature, which can directly be correlated 

to Frank-Kasper polyhedra or Bernal deltahedra. Direct structure imaging of the quenched in 

nuclei or short range ordered domains points towards the existence of similar kinds of 

polyhedral structure. Possible existence of such polyhedral clusters in the glass forming alloys 

will be discussed on the basis of the work done in our group. 
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Selective Laser Melting (SLM) is one of the additive manufacturing processes (AM) that has 

gained increasing attention because of its ability to process a wide spectrum of materials. SLM 

also has the capability of producing parts with added functionality and complex shapes 

theoretically without any restriction. The parameter optimization process for any materials for 

SLM is difficult and a tedious process involving several hundreds of parameters including, 

laser power, laser scan-speed, layer thickness, hatch distance, hatch style, spot-size of the laser, 

etc. However, it is relatively easier than the other powder bed fusion process like the electron 

beam melting process and hence offers the possibility of processing a wide spectrum of 

materials. Al-based, Fe-based and Ti-based alloys have been widely produced using SLM, 

because of their direct applications as structural materials. 
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Both Al-Si10-Mg and Al-12Si have been fabricated and studied extensively using SLM 

because of their fluidity (where it is widely used as casting alloys because of its fluidity), which 

makes them easy to process via SLM. However, researchers have slowly shifted the focus 

towards the precipitation hardenable Al-based alloys. Several precipitation hardenable Al-

alloys have been processed using SLM with the traditional idea of improving the mechanical 

property of these parts with natural aging or with artificial thermal treatment (involving 

solutionizing and/or aging), where fine precipitates evolve out in the Al-matrix. However, the 

results do not show a drastic increase in the properties compared to the original base alloy. The 

present talk will discuss the processing of age/precipitation hardenable Al-based alloys by SLM 

where their merits and demerits will be discussed in detailed. The scientific reasons behind the 

possible improvement/degradation of properties will be explored. 
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To improve hydrogen storage properties of Mg, an approach combining arc plasma method 

followed by electroless plating in solutions was developed to synthesize core-shell structured 

binary Mg-TM (TM =Ti, Ni, Co, V) and ternary Mg-TM1-TM2 composites. Their 

microstructures and hydrogen storage properties were systematically investigated. The core-

shell structures with MgH2 core and TM containing hydrides shells for hydrogenated Mg-TM 

and Mg-TM1-TM2 composites were observed by using STEM and HRTEM techniques. For 

the binary Mg-TM composites, the values of the hydrogenation activation energy and onset 

dehydrogenation temperature were all lower than those of pure Mg/MgH2, while the values of 

hydrogen absorption enthalpy were barely changed when compared to that of pure Mg. It is 

noteworthy that, for the ternary Mg-Ti-Ni and Mg-Co-V composites, all the values of the 

hydrogenation activation energy, onset dehydrogenation temperature and hydrogen absorption 

enthalpy were lowered down compared with those for binary Mg-TM composites. These 

improvements in hydrogen storage properties of Mg can be mainly attributed to the synergetic 

effect from both TMHx serving as the activation site and Mg-TMs ternary hydrides acting as 

the “hydrogen pump” on the Mg core particles. 
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Electrochemical splitting of water is a promising pathway to produce pure hydrogen. Herein, 

the preparation of Mn-doped MoS2 nanoflakes with high catalytic activity toward hydrogen 

evolution reaction (HER) in acid medium is reported. The Mn-doped MoS2 nanoflakes were 

successfully synthesized by one-pot hydrothermal method, using Na2MoO4, thioacetamide and 

Mn(NO3)2.xH2O as Mo, S and Mn precursors, respectively. The Mn-doping improved the 

intrinsic electrocatalytic activity of the MoS2, resulting in excellent HER activity with a current 

density of 10 mA/cm2 at 250 mV (vs. RHE), low Tafel slope of 52 mV/decade and outstanding 

stability. 
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In the present study, the potential improvement in the hydrogen sorption properties of severely 

deformed Mg materials in the presence of carbon additives was investigated. The novel form 

of carbon, graphene monolayer (GM), was incorporated into the Mg matrix phase by using arc-

plasma evaporation/condensation method resulted in Mg/GM based composite powder. Effect 

of high-pressure torsion (HPT) processing was tested on the improvement in hydrogen sorption 

properties of the as-synthesized composite powder. Structure and morphology of the powder 

and its HPT-consolidated product were characterized by using X-ray diffraction, high 

resolution scanning and transmission electron microscopy, and Raman spectroscopy. The 

hydrogen sorption performances were investigated by volumetric measurements based on 

Sievert-type apparatus, and simultaneous differential scanning calorimetry-thermogravimetry 

analysis. The HPT consolidation of the as-synthesized powder has resulted in the 

improvements of absorption/desorption thermodynamics and in the reduction of desorption 

temperatures. The main disadvantage of the HPT processing was to reduce the hydrogen 

storage capacity as compared to the as-synthesized composite powder. The fundamental 

differences in the hydrogen sorption properties of the powder composite and its HPT product 
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have been emphasized, and most of these differences should be understood at the light of the 

powder morphology, the structural modifications upon HPT and the catalytic effects of 

graphene additive. 
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Investigation of structure and thermal properties in composite materials 

based on metallic glasses with small addition of polymers 
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Composites materials based on Mg67.5Ca5Zn27.5 / High-density polyethylene (HDPE), 

Cu54Pd28P18/Polytetrafluoroethylene (PTFE) and Al85Y8Ni5Co2 / Polyethylene terephthalate 

(PET) polymer with 1-10% by weight were obtained by co-extrusion and mechanical alloying. 

For the samples, Cu54Pd28P18 / Polytetrafluoroethylene (PTFE) and Al85Y8Ni5Co2 / 

Polyethylene terephthalate (PET) subsequent spark plasma Sintering was also done. The 

temperature of the process of the composite samples was taken at super cooled region 

temperature for both the material (between the glass transition temperatures (Tg) and 

crystallization temperature (Tx). It was found that these samples have good thermal 

conductivities. In Mg67.5Ca5Zn27.5 / High-density polyethylene (HDPE), a positive effect of 

triethoxyvinylsilane on the adhesion in between the polymer matrix and the reinforced metallic 

glass was discovered. It has excellent adhesion properties and high thermal elasticity. It is 

found that Cu54Pd28P18 / Polytetrafluoroethylene (PTFE) have relatively high thermal 

temperature conductivity but the presence of crystalline phases (Cu2O) badly affects the 

physical properties of material. It has good tribological properties and can be used as 

antifriction composites. Composite samples (Al85Y8Ni5Co2 / PET) have a better thermal 

conductivity compared to pure PET samples. There is a degradation of physical properties due 

to the presence of crystalline phases. When compared, It was calculated that the activation 

energy for the crystallisation of Al85Ni5Y8Co2 metal glass is higher than that of other types of 

metal glasses (Mg67.5Ca5Zn27.5 and Cu54Pd28P18), this concludes that (Al85Y8Ni5Co2 / PET) a 

good thermal stability over the other samples. 
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In metallic glasses, plastic deformation at ambient conditions is typically localized in shear 

bands. Cryogenic rejuvenation of as-cast glass is still controversially discussed due to 

(typically) subtle changes of the energy landscape. In the present study, the impact of cryogenic 

rejuvenation on the plastically deformed glasses is proposed to be more pronounced due to pre-

induced structural defects, i.e. shear bands. High pressure torsion (HPT) and cold rolling is 

applied to PdNiP and Zr-base metallic glasses in order to introduce different inherently 

anisotropic states of the material. The influence of subsequent cryogenic rejuvenation on the 

calorimetric and kinetic properties of the deformed samples is analyzed using differential 
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scanning calorimetry and radiotracer diffusion measurements. X-ray diffraction confirmed 

glassy states of all materials after each treatment. Extremely large shear deformation imposed 

on the samples via HPT leads to microstructure changes which are characterized by increased 

excess free volume. The diffusion enhancement due to the strain localization is found to depend 

on the type of plastic deformation and the cryogenic rejuvenation affects significantly the 

diffusion rates. Shear bands are shown to represent short-circuit paths for diffusion and their 

relaxation and sensitivity to the cryogenic cycling are discussed. 
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In this paper, the role of lanthanide (Ln) element such Erbium (Er) on the glass forming ability 

(GFA) parameters such as Trg, [ΔT]X, α, γm, ε, γ* and cooling rate (RC) of previously reported 

Fe-based multicomponent (Fe0.9Co0.1)65−XMo14C15B6ErX (x=0.125,0.25,0.50,0.75,1,2) 

amorphous alloy has been evaluated. It was observed that as Er varies from x = 0.125 to 0.75 

casting thickness (ZC) of alloy was increased from 2.0 mm to 4.0 mm whereas ZC decreased to 

1.5 mm at x = 2.0. On the other hand, width of supercooled liquid region (SLR) reduced from 

61K to 42K as x varies from 0.125 to 2.0. For x = 0.125 and 0.50, SLR was found to be 

maximum as 61K. From x = 0.125 to 0.50 it was observed that Tg, Tx and Trg were found to 

increased and attains maximum value. Moreover, for x = 0.75 to 2.0, these parameters were 

decreased linearly. Similarly, α and γm were found to decrease linearly whereas two theoretical 

parameters such as γ* and P_HSS were increased linearly for 0.125 to 2.0. On the other hand, 

non-linear behavior of ε was observed with Er. Moreover, it was observed that as Er 

concentration increases cooling rate of the alloy was also increased linearly. Alloys 

Fe57.05Co6.45Mo14C15B6Er0.5 and Fe57.825Co6.425Mo14C15B6Er0.75 were found to have maximum 

Z_C of 4.0 mm and large SLR of 55K and 57K respectively. Cooling rate of these alloys were 

found to have small values as calculated from different criteria. Finally, it was found that 

presence of Er in the range of x = 0.50 to x = 0.75 has positive effect on ZC and SLR along 

with small RC. 
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In the present work, a novel method to assign the temperature values to characteristic thermal 

events by kinetic approach is proposed. Hf-based metallic glasses (MGs) are considered as 

potential materials for strategic applications due to its high density in comparison to other glass 

forming alloy systems. Therefore, the reported Hf-Cu-Ni and Hf-Cu-Ni-Al glass forming 

systems have been chosen to calculate the temperatures for the characteristic thermal events. 
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Owing to the higher density (13.6 g/cc) and melting point (2500 K) of Hf, viscosity of these 

alloy systems become crucial to suppress the crystallization during the rapid solidification 

process. Viscosity of the individual element and alloy systems were plotted as a function of 

temperature. Additionally, time, temperature and transformation (TTT) curves were also 

constructed to calculate glass transition (Tg), crystallization (Tx) and liquidus temperatures 

(Tl) of the Hf-based MGs. Critical cooling rates (Rc) were calculated for the same using a 

mathematical expression proposed by Takeuchi and Inoue. The estimated temperature values 

for the characteristic thermal events obtained from TTT curves are close to the reported 

experimental results. 
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The thermal oxidation (below Tg) in air medium is demonstrated as a new technique to improve 

the corrosion resistance of the Ni-based metallic glass in highly oxidizing 11.5 M nitric acid 

environment. The oxidation kinetics of Ni50Zr25Nb25 metallic glass in air medium has been 

evaluated at 200, and 400℃ for 5 h. SEM cross-section micrographs show 115 nm thick oxide 

film on the oxidized metallic glass at 200℃ (OMG-200) while, the 751 nm thick oxide film 

form on the oxidized metallic glass sample at 400℃ (0MG-400). The high-resolution XPS 

spectra of the thin amorphous oxide film on the OMG200 sample comprise Nb2O5, ZrO2, NiO, 

and Ni2O3 at the surface. The thick amorphous oxide film on OMG-400 sample enriched with 

ZrO2 and Nb2O5 but Ni-depleted at the outer oxide layer. The thermally grown oxide film leads 

to a superior passivity and great corrosion resistance improvements in severe 11.5 M nitric acid 

compared to the pristine metallic glassy state. The electrochemical impedance spectroscopy 

(EIS) results of the thermally oxidized metallic glass exhibit two times constant with 

remarkably high charge transfer resistance while pristine metallic glass exhibits single time 

constant with low charge transfer resistance. After polarization at a high anodic potential of 2.2 

V (Ag/AgCl), SEM micrograph of the thick oxide film on 0MG-400 samples shows smooth 

surface while pristine MG undergoes a severe dissolution in 11.5 M nitric acid. 
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The structural relaxation behavior of a metallic glass severely deformed by High-Pressure 

Torsion was investigated at the atomic length scale by high-resolution X-ray photon correlation 

spectroscopy. We find that the dynamics of the deformed sample is much faster compared with 

the undeformed sample, indicating that rejuvenation has occurred. Meanwhile, the structural 

relaxation rates and behaviors of both samples are distinct at different temperatures. It is 

notable that an intermittent and heterogeneous relaxation process happens at the temperature 
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of 423 K. The activation energy of the structural relaxation below 423 K is around 24 kJ/mol, 

which demonstrates that the relaxation process at low temperatures is stress-dominated. 

However, when the temperature is increased above 473 K, a “crossover behavior” of the 

effective relaxation time occurs and the activation energy comes to 245.4 kJ/mol, which 

demonstrates a change of relaxation mechanisms from a stress-dominated to a diffusion-

dominated process. 
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Ni-Ti alloy is one of the most attractive alloy systems which has shape memory effect and 

super-elasticity in specific condition depending on composition. Recent study shows that if Ni-

Ti alloy system has relatively high glass forming ability, it can be effectively utilized as a glassy 

alloy precursor for the alloy exhibiting superior superelastic characteristics after crystallization. 

The processing route can be summarized as: 1) fabrication glassy bulk alloy; 2) fine 

thermoplastic forming and surface imprinting in the supercooled state; and finally, 3) 

crystallization to provide superior superelasticity. For this purpose, development of Ni-Ti 

based alloy simultaneously exhibiting high glass forming ability together with large 

supercooled liquid region and superior superelasticity enabling large recovery strain at room 

temperature is required. Therefore, in the present study, as a preliminary step to develop Ti-Ni 

based alloys with enhanced glass forming ability as well as superelastic property, two different 

alloy systems, i.e. Ti-Ni-Zr-Cu-Si alloy system with the variation of Si amount for enhanced 

glass forming ability and Ti-Ni-Zr-Cu alloy system with the variation of Cu amount for 

enhanced superelasticity have been investigated. Ti30Ni35Zr20Cu15 in Ti30Ni50-xZr20Cux alloy 

system has been replaced with Si. The sample was fabricated using melt spinning technique. 

The enhancement of glass forming ability was estimated using differential scanning 

calorimetry. Ni in Ni-Ti30Zr20 alloy have been replaced with Cu [Ni50-xCuxTi30Zr20 (0≤x≤15)]. 

The samples were fabricated using arc-melting casting machine and electro discharge 

machining. To evaluate thermal properties, martensitic transformation temperature was 

measured by differential scanning calorimetry. Mechanical properties were measured by 

universal testing machine. Microstructure of these system are observed systematically by 

scanning electron microscopy and transmission electron microscopy. 
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The deformation behavior of bulk metallic glasses (BMGs) is quite different than that of its 

crystalline counterparts due to the absence of long-range atomic periodicity in the structure. 

We have explored the inhomogeneous deformation behavior and evolution of shear bands in 

Zr55Cu30Ni5Al10, and Cu47.5Zr47.5Al5 (at.%) BMGs. The mechanical properties were 

investigated under uniaxial compressive load at different initial strain rates, followed by 

thermo-analytical measurements using differential scanning calori metry (DSC), and 

microstructural characterization using scanning electron microscopy (SEM). Further, the 

influence of the structural modification was evaluated using jump-in/drop-in strain rate 

experiments. It has been observed that the evolution of free volume decreases with the increase 

of the applied strain rate. The specimen subjected to lower strain rate has accumulated higher 

amount of free volume, depicting a low flow stress of the specimen as compared to the 

specimen subjected to the higher strain rates.  

 

S1-9 

Processing and characterization of Hf bulk metallic glass compacts 
Saijyothi N., B. Majumdar and T. K. Nandy 

Defence Metallurgical Research Laboratory, Hyderabad, India 

E-mail: jyothinagireddy11@gmail.com 

 

The present work deals with the sintering of Hf-based bulk metallic glass Hf55Cu28Ni5Al12 

(ρ=11.3g/cc) powder with an aim to obtain near theoretical density. Initially, amorphous 

ribbons were produced by vacuum melt spinning technique. Cryomilling was employed to 

prepare the powder. XRD characterization of powder reveals the retention of amorphous phase 

after the milling. Detailed thermal characterization using DSC revealed the undercooled liquid 

regime between 487℃ to 550℃. Different particle size ranges (>75µm and < 25 µm) of 

Hf55Cu28Ni5Al12 powder was used to study the effect on consolidation through spark plasma 

sintering at different pressures 600MPa and 800MPa and at different temperatures 520℃, 

500℃ and 480℃. Densification studies reveal that the relative density of SPS pellets prepared 

using the particle size above 75 µm is found to be 96.4%, whereas, the relative density as high 

as 99.8% can be achieved for the pellets when particle sizes of powder differ widely. Complete 

amorphous phase is formed only when the compaction experiment is performed at 480℃ 

temperature. Compression strength of compacts containing amorphous phase is high as 

compared to that of sample possessing crystalline phase. 
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Several criteria are available in literature for designing the alloy compositions for metallic 

glasses. Some of these refer to criteria proposed by Inoue, Miracle and others. We have now 

more than 1000 compositions of bulk metallic glasses reported in literature. All the metallic 

glass composition are based on elements like Zr, Ti, Fe, Cu, Co, Al, Pd, Ni, Mg, La and Y. 

They all have many alloying additions. Hence, they are multi components system. We have 

tried to analyze various characteristics of glass forming compositions in terms of parameters 

existing in literature. A critical analysis of various glass forming criteria with respect to crystal 

structure of components, radius difference, electronegativity difference, nature of bonding, e/a 

ratio, and volume ratio will be presented. 
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Damage tolerance, i.e. the combination of high yield strength and fracture toughness, is crucial 

for the application of metallic glasses as structural materials. One fingerprint for damage 

tolerance in metallic glasses is the fraction of hybridized bonds (Schnabel et al., Scientific 

Reports 6 (2016) 36556), which is affected by alloying Pd57.4Al23.5Y7.8M11.3 with M = Fe, Co, 

Ni, Cu, Os, Ir, Pt and Au. Based on these ab initio calculations, the minimum fraction of 

hybridized bonds was identified for Pd57.4Al23.5Y7.8Ni11.3. Furthermore, it is shown that by 

correlating experimental fracture toughness data to the fraction of hybridized bonds scaling 

with the crystal orbital overlap population at the Fermi level, the fracture toughness can be 

estimated based on electronic structure data. The fracture toughness of Pd57.4Al23.5Y7.8Ni11.3 is 

predicted to be in the range of 70 to 125 MPa.m0.5 exhibiting a plastic zone size of 0.1 to 1 mm, 

which is consistent with micro-mechanical beam bending experiments, where fracture was not 

observed. 
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Shape memory alloys (SMAs) are known to exhibit unique characteristics, i.e. shape memory 

effect (SME) and superelastic effect (SE). Most of commercial SMAs has been fabricated by 
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conventional thermomechanical process such as forging, rolling and drawing, however, these 

ways are not appropriate for producing micro-scale devices or nano-scale fine patterning. 

Although pipe or tube-type SMAs fabricated by conventional method are being used for 

biomedical application such as stent, they are not yet cost-effective due to high processing cost 

of laser cutting. Recently, as an alternative to the conventional fabrication method, 

thermoplastic forming of metallic glass has been suggested. Since the metallic glass alloys 

show viscosity drop when heated above the glass transition region, it can be highly adaptable 

to small-size device or fine patterning requiring high dimensional precision. In addition, 

through the subsequent crystallization event, the properties of crystalline phase such as SME 

and SE can be manifested. 

In the present work, with an aim to develop proper glassy alloy precursor for SMA, 

glass forming ability (GFA), crystallization behavior and subsequent shape memory properties 

in quaternary Ti-Zr-Ni-Cu alloys are investigated. In particular, the effect of Zr on maximum 

thickness of as-cast glass alloy, crystallization kinetics and superelastic properties in Ti50-

xZrxNi35Cu15 are systematically investigated. As a result, the Ti35Zr15Ni35Cu15 alloy 

composition is confirmed to show optimum combination of required properties as a glassy 

alloy precursor for SMA, i.e. wide supercooled liquid region, large maximum thickness for 

amorphous alloy formation and excellent superelasticity after crystallization. 
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Safety and reliability are the most common required parameter for implants used in medical 

devices. In the past few decades, bulk metallic glasses have emerged as an important material 

for surgical instruments and biomedical tools owing to their unique features viz., better 

mechanical properties, high corrosion resistance, antibacterial properties and good 

biocompatibility. However, the majority of Zr-based metallic glass developed contains Ni as 

an important metallic element to improve Glass forming ability (GFA). However, the presence 

of a large quantity of Ni is allergic to the human body and deteriorates the biocompatibility of 

the metallic glass. In the current study, Ni-free composition is designed and optimised to get 

good glass forming composition in Zr-Cu-Ti-Al system using the thermodynamic modelling. 

The modelling considers enthalpy of chemical mixing (∆Hchem) as the thermodynamic 

parameter, mismatch entropy normalized by Boltzmann’s constant (∆Sσ/KB) as the topological 

parameter and normalized configured entropy (∆Sconf/R) as a statistical parameter. 

Thermodynamic modelling resulted into the best glass-forming composition as 

Zr40Cu46Ti8.5Al5.5. Glass forming ability of composition is validated by fabricating metallic 

glass ribbon by melt spun technique. X-ray diffraction technique was used to confirm the 

amorphous nature of the ribbon. The biocorrosion studies where carried out in various 

simulated body fluids environments such as artificial saliva solution, artificial blood plasma 

solution, phosphate-buffered solution, and Hank’s balanced saline solution using 

potentiodynamic polarization test at a constant temperature of 37℃. Scanning electron 
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microscopy was performed to observe the morphological changes in samples after the 

corrosion test. 
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In general, µm to nm scale surface patterning can be performed by lithography and chemical 

or ion etching. But this process is complicated, and metallic materials cannot be applied for 

these processes. However bulk metallic glasses (BMG) can be easily adopted for µm to nm 

scale patterning by thermo-plastic forming in the super-cooled liquid (SCL) state. Contrary to 

common metallic materials, metallic glasses have no grains and grain boundaries. Besides, the 

viscosity becomes remarkably lower in the SCL region. Therefore, metallic glasses can be 

thermo-plastically formed into µm to nm scale products or complex geometries. Holographic 

patterns with enhanced aesthetic value can be obtained through well-ordered µm to nm line 

patterning providing good diffraction properties. Up to now, most studies have been focused 

on compositions with wide SCL region (ΔT>50) and high glass forming ability (e.g., Zr-, Pd-, 

Pt-, Au- based metallic glasses). In this study, we demonstrate that optical gratings with ~ 2 

µm line-width in Ti35Zr15Ni35Cu15 metallic glass can be fabricated by thermoplastic forming 

(TPF) in the SCL state. The Ti-Zr-Ni-Cu alloy has been selected, because it is recently 

considered as a precursor for superelastic alloy after crystallization. TPF was conducted in the 

SCL region under an argon atmosphere with antioxidant oil on the surface. The microstructural 

changes after surface micropatterning under various pressure/temperature conditions were 

investigated. The characteristics of the hologram were quantitatively analyzed by evaluating 

the shape and depth of the line pattern. 
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In the present work, cetyltrimethylammonium bromide (CTAB) was added in the nickel-cobalt 

ferrite synthesis (Ni0.8Co0.2Fe2O4) by hydrolytic stripping. The CTAB concentration effect (0, 

5x10-4 and 2x10-3 M) and the reaction time (every 5 minutes during an hour) in the nano spinel 

ferrite formation were investigated. The study consists in the preparation of aqueous solutions 

of Fe(III), Ni and Co salts, solvent extraction with naphthenic acid and hydrolytic stripping 

(maintaining a Fe/(Ni+Co) = 2 ratio) with the surfactant presence for the formation of magnetic 

nanoparticles. According to AA, MEB, DRX and FTIR results, the CTAB slightly affects the 

morphology and particle size. Moreover, the surfactant addition, independently of the 

concentration and time, does not promote the formation of hematite as a by-product and it could 

help to form a NiCo nanoferrite suspension in the naphthenic acid after the reaction ended. 
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Nano-/ultrafine eutectic composites with micrometer-sized second phase dendrite are being 

developed in several multicomponent Ti-, Fe-, Ni- systems for years. However, the 

modification in the microstructure of these alloys may play a significant role to alter its 

mechanical, creep and other properties. In this work, we report the microstructural modification 

in terms of the length scale of the constituent phases in differently cast rods of (Ni0.92Zr0.08)100-

xAlx (0 ≤ x ≤ 4 at. %) nano-eutectic composites, which are correlated with the solidification 

conditions. The microstructure in all the composites is comprised of γ-Ni dendrites embedded 

in a eutectic matrix comprised of γ-Ni and Ni5Zr lamellar phases. The secondary dendritic arm 

spacing (SDAS) in all of these cast rods alters between 1.75±0.20 μm and 4.60±0.60 μm, 

whereas the interlamellar spacing (λ) varies between 78±6 nm and 145±12 nm. The 

microstructural features have been quantified and were used as parameters to estimate the 

solidification parameters such as solidification time, cooling rate in three different rods of 2 

mm, 3 mm, and 5 mm diameter, and are finally compared with ingots. The effect of solute 

content due to the non-equilibrium solidification conditions in the cast rods are also studied. 

The dendritic tip velocity (R) and eutectic growth velocity (v) at the solidi-liquid interface have 

been calculated to estimate the solute trapping in terms of the partition coefficient (k) in all the 

composites. 
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Bimodal structure of Cu-Ni-Si alloy with continuous (CP) and nano-fiber precipitates 

(discontinuous precipitates, DP) was intentionally fabricated, and successively aligned and 

plastically deformed by cold working at room temperature. The change of mechanical and 

electrical properties were been elucidated based on its microstructures. The Cu-6Ni-1.5Si alloy 

specimen was fabricated by vacuum induction melting with high purity Ni, Si (purities of 

99.99%) and Cu (purity: 99.9%). The specimens were been swaged with a 50% area reduction 

after casting. And, these specimens were solution heat treatment at 980℃ for 1 hour. The 

solution heat treated specimens were aged for 1, 6 and 24 hours at 500℃, and deformed by 

drawing to 97.5% of area reduction. The only CP, bimodal structure including CP and DP and 

only DP structures were observed after 1, 6 and 24 hours of aging respectively. The strength 

level after aging shows high to low in the order of CP, Bimodal and DP specimen, but after 

97.5% cold rolling, the bimodal structure showed the highest strength value. The electrical 

conductivity of the all specimens decreased after cold working, however, the decreased value 

of the conductivity in DP and bimodal specimens was much smaller than that of CP specimens. 

Microstructure analysis by FESEM and TEM (Transmission Electron Microscope) showed that 

the nano-fiber precipitates in the bimodal specimen were aligned in one direction after cold 

working, and it leads simultaneous increasing strength and conductivity of Cu-Ni-Si alloy. A 

notable combination value of tensile strength and conductivity of 1120 MPa and 37.5% IACS 

was achieved in the Cu-Ni-Si alloy after drawing with a 97.5% area reduction. 
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Iron aluminides (Fe3Al) are being considered for high-temperature applications due to their 

attractive properties such as high-temperature strength, low density, excellent oxidation, 

sulfidation and corrosion resistance. However, they suffer from poor room temperature 

ductility and creep resistance, which limits their commercial applications. Research is being 

carried out around the world to improve the ductility of Fe3Al by alloying with Cr, Ti, B, Mn, 

etc. and incorporating an ultrafine-grained structure. The present study is aimed at producing 

ultra-fine grained Fe3Al with uniformly dispersed nano-sized oxide particles by mechanical 
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milling and hot extrusion. The milled powders as well as extruded and Heat-treated samples 

were characterized for composition, morphology, particle size, microstructure, hardness and 

Tensile Properties. This paper discusses the effect of oxide particles dispersion on the evolution 

of microstructure and resultant mechanical properties. 
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Nano oxide dispersion strengthened steels are being considered as a candidate material for 

cladding tube application in generation IV fast breeder reactors due to their remarkable 

mechanical and irradiation properties. Interface between the matrix and nano oxide particles 

(< 5 nm) acts as a sink for He bubbles released during the fission process. Optimization of the 

particle size during thermo-mechanical processing stages plays a crucial role in order to 

achieving high temperature strength as well as irradiation resistance in terms of sink strength 

maximization. In addition, acquiring a suitable grain structure for the cladding tube is a 

mandatory step during the processing stages. Based on the view of above aspects, in the present 

work we have carried out isothermal uni-axial compression tests on upset forged nano 

dispersion strengthened Fe-18Cr steel over a range of temperatures 1000 – 1300℃ and a range 

of strain rates 10-2 – 10 s-1 using a Gleeble thermo-mechanical simulator to understand the 

microstructural evolution. Strain rate sensitivity (m) map was generated using the above data 

and the regions identified with higher (1150 – 1300 °C, 10-2 – 10-1 s-1) and lower (1000 – 

1100℃, 10-2 – 10 s-1)m value. Microstructural characterization tools such as electron 

backscatter diffraction (EBSD), transmission electron microscope (TEM) and small angle x-

ray scattering (SAXS) were employed to understand the grain structure evolution and particle 

size variation as a function of temperature and strain rate. However, no discernable change in 

the grain structure was observed with respect to the regions with higher and lower m value. 

SAXS and EBSD analysis revealed a slight growth in the particles and grains in the samples 

deformed at above 1200℃. Microstructural studies indicate that the continuous dynamic 

recrystallization mechanism is operating during the deformation. Finally, optimized processing 

parameters were proposed to acquire the desired microstructure. 
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Surface modification of titanium materials with TiO2 nanotubes is an easy way of preparing 

bio-implantable titanium. There are many surface modification methods available of which, 

electrochemical anodic oxidation is a viable method. This paper reports the growth of smooth 

TiO2 nanotubes with the use of magnetic field in addition to the electric field. Anodic oxidation 

of commercially pure titanium is carried out for 1 hour at 30V using an electrolyte containing 

ethylene glycol, NH4F and water. The magnetic effect is obtained by the use of magnet 

providing field of about 12G. Using this method length of TiO2 nanotubes is increased to 8µm 

as against lower values of 1 or 2 microns in the absence of magnetic field. The surface 
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morphologies are studied using XRD, HR-SEM. Bioactivity and corrosion resistance are 

determined in simulated body fluid (SBF) solution. 
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The relation between crystal lattice parameter and grain size of nanocrystalline materials is 

ambiguous. The contraction and expansion (or both) of the lattice parameter with decreasing 

grain size have been reported in nanocrsytalline materials. This phenomenon has been tried to 

empathize by several approaches with the effects of intercrystalline pressure, interfacial 

stresses, grain-boundary enthalpy, excess grain-boundary volume, supersaturation of vacancies 

and excess free volume. However, the non-equilibrium grain boundary structure in spite of 

being an inevitable feature of nanocrystalline materials has been ignored most often. Excess 

free energy, long-range elastic stresses and the excess free volume are characteristic features 

of non-equilibrium grain boundary structure. In the current study, a generalized approach is 

proposed to understand the grain size dependent non-monotonic lattice parameter variation in 

nanocrystalline materials in different metallic systems. 
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Nickel ferrite (NFO) crystallizes in inverse spinel structure and is magnetostrictive. Partial 

substitution of Gd for Fe leads to the structural distortion inducing strains and thus modifying 

the electrical and magnetic properties in bulk.  In the past decade attention towards 

nanostructured materials has gained importance owing to its unusual physical properties due 

to their smaller size or larger specific surface area which can be used in several optical, 

magnetic, technological and medical applications. In the present work, the electrical and 

magnetic properties of nanoparticles of Gd substituted nickel ferrite were studied.  NiFe2-

xGdxO4 (where, x=0, 0.01, 0.03, 0.07) nanoparticles were synthesized by sol-gel method.  The 

physical properties were investigated using x-ray diffraction (XRD), transmission electron 

microscopy (TEM) and magnetization studies.  The crystallite size of the nanoparticles were 

20-30 nm from the XRD patterns and TEM micrographs.  Magnetization of NFO at 50 kOe is 

37 emu/g, NiFe1.99Gd0.01O4 (G0.01) is 50 emu/g NiFe1.97Gd0.03O4 (G0.03) is 40 emu/g and 

NiFe1.93Gd0.07O4 (G0.07) is 33 emu/g, at room temperature.  The coercivity values of NFO, G0.01, 

G0.03 and G0.07 nanoparticles are 0.1 kOe, 0.2 kOe, 0.2 kOe and 0.3 kOe respectively.  Further, 

these particles were annealed at 1200℃ to study the effect of grain growth on the magnetic 
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properties.  The results of magnetization, ferroelectric and dielectric studies carried out on these 

sintered samples too will be discussed. 
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The defect correlated mechanical properties of nanoporous (np-) Au, prepared by 

electrochemical dealloying method, have been studied using nanoindentation hardness coupled 

with low energy positron beam Doppler broadening annihilation spectroscopy. This study is 

important in order to find the reason for the significant increase in hardness value in Fe ion 

irradiated np- Au in comparison to as-dealloyed np- Au and bulk Au. For instance, the hardness 

value obtained on Fe ion irradiated np- Au is ~ 2.1 GPa, which is about eight times larger than 

that obtained on as-dealloyed np- Au. To obtain Fe ion irradiated np- Au, the as-dealloyed np- 

Au was irradiated by Fe+ ions of an energy of 270 keV with fluence of 2x1015 ions/cm2 using 

1.7 MV Tandetron Accelerator at room temperature. The positron beam Doppler broadening 

lineshape S-parameter versus positron incident beam energy E in the range 0.2 – 22 keV for Fe 

ion irradiated np- Au, as-dealloyed np- Au and bulk Au. The dependence of line shape S-

parameter with incident beam energy E is analyzed with the standard VEPFIT code. The best 

fitting of the S (E) curves indicates that there are two distinct defect layers evolved in the as-

dealloyed and Fe ion irradiated np- Au. It is seen that the S- parameter value at energies beyond 

5 keV is higher for Fe ion irradiated np- Au compared to as-dealloyed np- Au and bulk Au 

samples. It indicates that the stacking fault tetrahedra (SFT) defects that are retained in the np- 

Au during the evolution of porosity and upon irradiation interact with Fe atoms and forms Fe-

vacancy complex clusters. As the complex defect structures influence to impede the dislocation 

motion in solids, it is concluded that the positron identified Fe-vacancy cluster defects 

contribute significantly for the enhancement of hardness values in the Fe ion irradiated np- Au. 
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Metallic glasses receive a great attention as a precursor alloy for dealloying process due to their 

homogeneous composition. Dealloying is a chemical corrosion process in which less-noble 

elements are selectively dissolved out from the precursor alloy. The residual noble element 

forms a bi-continuous pore/ligament structure by a self-assembly process through surface 

diffusion. In the case of metallic glass precursor, surface diffusion process leads to formation 

of more homogeneous nanoporous structure. There have been several studies on the fabrication 

of nanoporous metal with addition of minor noble elements which exist in the form of either 
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precipitates or solute atom forming solid solution after dealloying. However, there have been 

few reports on the formation of metastable bimetallic (solid solution type) nanoporous metal, 

when two noble elements have very little mutual solid solubility at room temperature. In the 

present study, we synthesized Cu-Ag bimetallic nanoporous structure through addition of Ag 

in the Mg-Cu-Y metallic glass precursor by controlling dealloying conditions. In order to 

increase solid solubility of Ag into Cu, the grain size in the ligament of the nanoporous structure 

was decreased down to nm scale by dealloying in higher concentration sulfuric acid solution 

for shorter immersion time. The formation of supersaturated bimetallic nanoporous structure 

mechanism is elucidated by comparing with the different dealloying condition in lower 

concentration solution for longer immersion time. The crystal structure and morphology of 

nanoporous structure were analyzed using X-ray diffractometer (XRD), scanning electron 

microscope (SEM) and transmission electron microscope (TEM). The elemental distribution 

of respective elements was further analyzed using super-X EDX system. In addition, the 

electrocatalytic oxidation performance was investigated in a mixture solution of 2.0 M NaOH 

and 0.1 M NaBH4. 
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Since the concept of high entropy alloys (HEAs) was first introduced in 1996 by Yeh et al., it 

has been attracted a great attention from the wide range of scientific community as one of the 

potential candidates for new structural material in the future. Current researches on HEAs are 

mainly focused on mechanical properties, while functional properties, in particular 

electrochemical properties were rarely explored. Electrochemical supercapacitors are 

considered to be one of the most promising energy storage devices. Especially, for 

pseudocapacitor, it stores electrical energy by faradaic redox reactions on the surface of metal 

oxide such as NiO, Co3O4, Fe3O4 and Cr2O3. However, the supercapacitance of these metal 

oxides exhibits lower values than their theoretical values due to their low conductivities, low 

surface areas and porosity. Therefore, nanoporous materials with large surface area and high-

volume fraction of porosity have attracted growing research interests in their physicochemical 

properties resulting from metal core (conductive)/core shell oxide (active material). Multi 

component oxides exhibit better electrochemical activity and higher electronic conductivity, at 

least two orders of magnitude higher than that of the single component oxides. In this regard, 

nanoporous high entropy alloys can be considered as one of the potential candidates for 

supercapacitor electrode. In this work, nanoporous HEA has been fabricated by selective 

leaching. Effect of cooling rate on the nanoporous structure and mechanism of selective 

leaching have been investigated. Finally, the electrochemical properties of the nanoporous 

structure have been evaluated. 

 
  



 

163 
 

S2-13 

Formation mechanism of nanoporous metals in vapor phase dealloying 

process 
Yanying Li, Zhen Lu and Pan Liu 

State Key Laboratory of Metal Matrix Composites, School of Materials Science and 

Engineering, Shanghai Jiao Tong Univ., PR China 

E-mail: liyanying@sjtu.edu.cn 

 

Dealloying is an effective way to fabricate three dimensional bicontinuous open nanoporous 

materials. However, electrochemical and liquid-metal dealloying methods can only be applied 

to a limited number of alloys and usually cause chemical pollution problems. In the present 

study, a green and universal approach, that is, vapor-phase dealloying was used to produce 

nanoporous cobalt or nickel. During the dealloying process, the Zn element can be selectively 

removed from CoZn or NiZn alloy due to the different vapor pressure between the binary 

constituent elements. In-situ heating transmission electron microscopy observations indicate 

that the formation and coarsening of nanoporous metal Co/Ni are controlled by atomic surface 

diffusion between the atomic Co/Ni and vacuum interfaces. Moreover, the growth mechanism 

of such kind of nanoporous metals was discussed in detail. Our study gives an experimental 

support for further theoretical research on the growth mechanism of nanoporous metal and its 

fabrication as well. 
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High entropy oxides involve the incorporation of multiple metal cations into a single crystalline 

phase and these structures give extraordinary properties to be utilised in various energy related 

application. Metal oxides are considered as the high capacity anode materials when compared 

to carbon-based anode materials.  Nanostructured high entropy alloy oxides can be employed 

as promising anode material for rechargeable lithium ion battery due to the ability of the 

material to undergo the process of conversion reaction.  In the present work, the 

electrochemical performance of lithium ion storage properties of high entropy alloy oxides is 

evaluated, and it exhibits a specific capacity of 560 mAhg-1 at a current density of 100 mAg-1 

The presence of different metals in high entropy alloy causes instability during the process of 

lithiation and de lithiation process. To enhance the stability of the anode material, the high 

entropy alloy oxides are subjected to the process of hydrogenation. The process of 

hydrogenation introduces disorderness in the crystal structure and thereby facilitates the 

transport of lithium ions within the disordered structure. The hydrogenated high entropy alloy 

exhibits a specific capacity of 650 mAhg-1 at a current density of 100 mAg-1 and a cyclic 

stability of 200 cycles. 
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Ferritic oxide dispersed strengthened (ODS) stainless steels have emerged as an alternative to 

austenitic and ferritic-martensitic steels as the core materials for nuclear reactors due to a good 

combination of resistance to radiation (swelling) and high temperature strength. The most 

commonly used oxide in ODS steels is yttria (Y2O3). The addition of titanium to Y2O3 

dispersed steel leads to the formation of Y-Ti-O clusters having a refined size of ~2-6 nm, also 

called nano-clusters. Although extensive studies have been carried out with yittria as oxides in 

ODS steels, other rare earth oxides have not been explored. 

In the present study, tungsten containing ODS steel (Fe-14Cr-1Ti-xW-0.5L2O3) or 

14LWT has been fabricated by mechanical alloying followed by spark plasma sintering (SPS). 

The variation of tungsten (W) content and temperature (1050℃ and 1100℃) on the density, 

microstructure and mechanical properties of lanthana based ODS steel have also been studied. 

For comparison, Fe-14Cr-1Ti-2W-0.5Y2O3 (14YWT) ODS steel was also fabricated using the 

same processing parameters as 14LWT. Microstructural characterization was performed using 

X-ray diffraction (XRD), scanning electron microscopy (SEM) and transmission electron 

microscopy (TEM). The quantification of mechanical properties using Vickers hardness, nano-

indentation and compression testing indicated that 14LWT ODS steels exhibit equivalent or 

better mechanical properties than the conventional 14YWT ODS steels. 
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A novel technique exploring the synthesis of hydrophobic alloy powders consisting of Ni and 

transition metal nitride (vanadium nitride (VN)) at different proportions through mechanical 

alloying is presented. The milled alloy powder showed very good resistance to wetting when 

it was placed in a beaker containing water. The maximum water contact angle (WCA) of 150⁰ 

was recorded for the alloy composition of Ni-75(wt. %) VN when the powder was loosely 

sprayed on a glass slide. Few working examples also elucidated the hydrophobic nature of the 

as-prepared alloy powder. The optimised alloyed powder composition and its phase and 

morphology as well as time of milling for maximum hydrophobicity were established with the 

help of X-ray diffraction (XRD) and field emission scanning electron microscope (FE-SEM) 

for phase and morphology analysis, respectively. The unique chemistry of toluene with 
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elemental Ni and transition metal nitride VN as characterized by X-ray photoelectron 

spectroscopy (XPS), Fourier transform infrared spectroscopy (FTIR) and Raman spectroscopy 

has led to the development of hydrophobicity in the ball milled powder. 
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This paper focuses on how cryo rolling process with annealing treatment has been used to 

improving the mechanical and microstructure properties of AZ31b alloy. Cryo rolling AZ31B 

alloy was tested by using Vickers hardness tester and tensile test. This test showed that good 

mechanical properties such as good hardness, ductility, and yield strength. Cryo rolling is a 

process which is used to obtain fine grain structure and high strength in magnesium alloys. The 

cryo rolling of AZ31B alloy reduction and subsequent annealing provided good mechanical 

properties and fine grain structure. 
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Oxide dispersion strengthened (ODS) austenitic steels are being considered for high 

temperature applications in gas turbines because of superior strength and resistance to 

corrosion and oxidation. ODS austenitic steel with a nominal composition of Fe-18Cr-22Ni-

1.6W-0.2Ti-0.35Y2O3 was produced by high energy milling of ferritic steel, Ni, Ti, and nano 

yittria (30-50 nm) powders in argon atmosphere. Consolidation of milled powders was carried 

out through hot extrusion.  The milled powders were canned in a mild steel can, degassed at 

450°C and hot extruded at 1150°C with an extrusion ratio of 9 to get 16 mm rods. The extruded 

rod is solution annealed at 1150°C for 2 h and water quenched. The extruded and solutionized 

sample exhibited 99.6% density. X-ray diffraction studies indicate that the ferrite phase present 

in the as milled powder is completely transformed to austenite phase after extrusion. The EBSD 

scans performed on the solution-annealed sample revealed recrystallized, equi-axed grains with 

an average grain size of 350 nm. The grain boundary quality maps indicate the dominance of 

high-angle grain boundaries (15°-180°) typical of well-recrystallized grain structure. The 

hardness, yield strength, elongation and reduction in area of the solution annealed sample at 

room temperature are measured to be 315 HV5.0, 837 MPa, 27% and 63%, respectively and 

high temperature tensile property measurements are in progress. The paper discusses the micro-

structure and resultant mechanical properties. 
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In this study, mechanical alloying of elemental iron, cobalt and nickel powders were carried 

out using a planetary ball mill and the effects of ball milling speed on the microstructure and 

particle size of FeCoNi alloy powders have been studied. Ball-to-powder weight ratio was 

selected as 10:1. Two different milling speeds, namely 300 and 500 rpm were used throughout 

the tests. The phase evolution of milled powders showed that formation of FCC-(Fe, Co, Ni) 

phase after milling for 300 rpm and as the speed increased, the peak was broadened. The lattice 

parameter, crystallite size and micro-strain of milled powders (300 and 500rpm) were 

calculated by XRD. The powder morphology and particle size with different milling duration 

and speed were thoroughly investigated by using scanning electron microscopy (SEM). 

Mechanical alloying kinetics has been studied by using various mathematical model to predict 

the suitable model for the mechanical alloying of multicomponent alloy. 
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The modern-day innovations in the automobile industry have been focusing on the lighter 

structural materials due to the ever-escalating demand in the performance of vehicles and 

soaring standards regarding emissions. Magnesium and its alloys have been promising, owing 

to their lightweight and recent developments in the mechanical properties. This work aims at 

evaluating the development of high strength Magnesium alloys with LPSO phases and 

secondary phases like Mg5Gd dispersed in the parent metal through powder metallurgy route. 

Initially, the equiatomic master alloy of NiSnGd prepared using vacuum arc re-melting was 

milled with Magnesium powder of -325 mesh in a RETSCH planetary ball mill (PM400) for 

150hrs to obtain the alloy of composition Mg98.87Ni0.38Sn0.38Gd0.38. The consolidation process 

was carried out in two stages, where in the first stage, the powders were compacted in a hot 

press at 550 for two different periods like 5hrs and 9hrs to study the effect of holding time on 

the properties. The second stage involves a subsequent extrusion of the compact obtained from 

the first stage at 500oC temperature.  The powders were handled under argon atmosphere to 

prevent contamination and ensure proper metallurgical bonding among the particles during 

sintering process. XRD performed on the milled powders and sintered samples confirmed the 

dissolution of the master alloys and portray the evolution of secondary phase. The 

microstructure constituted the ultrafine grains and uniformly dispersed secondary phase 

throughout the grains. The yield stress, ductility and ultimate stress evaluated through room 

temperature compression testing performed at a strain rate of 10-3s-1 were 620MPa, 3% and 

669MPa respectively. Balance in strength and ductility obtained by optimizing the sintering 

parameters. The high strength of the material can be attributed to the ultrafine grains and 

dispersion strengthening by the sub-micron secondary phases as well as LPSO phases. 
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High entropy alloys (HEAs) are gained wide attention in recent times due to the excellent 

properties it exhibits compared to the conventional alloys. HEAs with multiple phases are 

reported recently shows the enhanced properties compared to the single phase HEAs. HEAs 

can be processed through different manufacturing techniques such as casting, electron beam 

melting, vacuum arc melting, sintering etc. The properties of the HEAs prepared through 

melting route will depend on the processing parameter which controls the microstructure 

formation. The morphology and the segregation pattern of the solidified material depend on 

the temperature gradient, growth rate etc. Study of solidification behaviour at different 

conditions is required for the development of proper processing condition for HEAs. 

Undercooling condition can result in different microstructural evolution as well as generation 

of non-equilibrium phases. Here in this study FeCoNiCuSnx alloy was selected with varying 

Sn content (x= 0.5 & 5). The undercooling studies was carried out with undercooling of above 

200 K and microstructural variation was correlated with the undercooling temperature. The 

growth velocity variation captured by high speed video imaging shows an increasing trend with 

undercooling and the order of magnitude depends on the Sn content. Partition coefficient of Cu 

calculated shows an increasing trend in FeCoNiCuSn0.5 from lower to higher undercooling 

regime may due to the solute trapping occurring.  FeCoNiCuSn5 shows stable three phase 

microstructure from lower to higher undercooling regime. 
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In this investigation the effect of mechanical milling (MM) on structure, phase composition, 

thermal stability and hardness of Al62.5Cu25Fe12.5 (at %) quasicrystalline (QC) matrix reinforced 

with Sn (10, 20 and 30 vol %) has been investigated. The X-ray diffraction results indicate that, 

with increase in the milling duration the peaks of the QC and Sn becomes broader, leading to 

the formation of nanostructured composite. It has been observed that with increase in the 

milling duration, the minor phase of QC co-existed with major crystalline B2 phase [Al (Cu, 

Fe) and Pm3m, a = 0.29 nm], independent of the volume fraction of Sn. The bright field image 

of 30 vol% Sn reinforced QC, also shows moiré fringes due to the juxtaposition of QC and 

ordered B2 phase. The double diffraction was observed due to the layering of nanocrystalline 

B2 and QC phase in the NC powder.  The inner concentric and outer rings correspond to the 

ordered B2 and (422222) reflection of QC phase respectively. The crystalline phases formed 

during MM transforms to the stable QC phase during subsequent annealing treatment as 

confirmed by nanobeam diffraction. The phase transformations occurring during MM have 

remarkable effect on indentation hardness, which can be tuned within a wide range (4 to 7 GPa) 



 

168 
 

as a function of milling duration and volume fraction of Sn. This suggests that QC 

nanocomposite with optimal mechanical properties can be produced by MM. 
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To characterize the mechanical properties of the induction and resistance brazed joints, they 

were tested for shear strength using a specially designed holder for such samples. The Ti-6Al-

4V substrate was brazed with amorphous Ti40Cu40-xZr10PdX ribbon, where x=10, 14, 20. The 

results of the study showed that the use of magnetic induction for brazing increased the shear 

strength of the tested joints by two to three times, regardless of the content of palladium in 

filler metal. The highest value of shear resistance of approximately 121MPa showed joints with 

14% Pd content. Analysis of the results due to the use of different temperatures has shown that 

with the increase of the brazing temperature, the shear strength of the joint increases. For 850℃ 

and 10at. % Pd has a shear resistance of 610MPa. The conducted characteristics of the obtained 

fracture using SEM showed that the use of induction brazed eliminated voids in the joint 

formed during the welding process and shear strength increased with increasing brazing 

temperature. 

A quasi-brittle fracture type has been observed for the joints obtained by resistance 

heating, which has the characteristic features of a brittle and ductile fracture. Quasi-cleavage 

material separation occurs through nucleation of brittle fracture in local areas and their 

propagation to the surface decohesion by actuation mechanisms of plastic deformation. 

Measurements of nanohardness for all tested parameters differ depending on the tested zone in 

the joint. After resistance heating, they reached a value of approximately 500 MPa for the 

substrate and 600 MPa for the intermetallic layer enriched in diffusing copper. The center of 

the connection is characterized by the highest nanohardness of about 800 MPa. 
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The rigidity threshold in a two-phase material is linked to the formation of networks of the 

rigid phase, which supports a substantial fraction of overall load. Conventionally rigidity 

threshold considers only the elastic interactions between the rigid phases, and the role of the 

soft phase has not received much attention. However, experimental results based on metal filled 

particulate polymer composites show that the Young’s modulus of the composite is enhanced 

significantly in the presence of an entrapped incompressible polymer phase in addition to the 

elastic interactions between the rigid metal particles. Uniaxial compressions suggest that the 
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composites at particle volume fraction at the rigidity threshold are subjected to substantial 

negative volumetric strains irrespective of temperature. At room temperature the polymer 

phase exerts high hydrostatic stresses in response to the negative volumetric strain leading to a 

Young’s modulus of the composite five times higher compared to a temperature beyond the 

glass transition temperature of the polymer (Tg), where low viscosity and high compressibility 

of the polymer leads to substantial reduction in the modulus, confirming the role of the soft 

phase at the rigidity threshold. in-situ synchrotron X-ray diffraction was utilised to directly 

verify the compressive loading of the rigid metal particles at a microscopic scale. Elastic 

buckling of the force chains in the presence of incompressible polymer phase was attributed to 

the non-affine deformation at the rigidity threshold at room temperature, using digital image 

correlation (DIC) technique at a mesoscopic length scale. However, the deformation beyond 

Tg was homogeneous due to the low viscosity and high compressibility of the polymer leading 

to the absence of buckling of force chains. Macroscopically, an increasing Poisson ratio is 

observed as a function of elastic strains. A link is proposed between deformation at 

microscopic, mesoscopic and macroscopic scale for the composite. 
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Karthick Gothandapani and B. S. Murty  
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Madras, Chennai, India 
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Advanced nuclear reactors require cladding materials with high creep, corrosion and swelling 

resistance. Fuel pins inside the cladding tube undergo intense irradiation at high temperatures. 

Life period of fuel pins largely depends on the temperature and irradiation levels to which they 

are exposed. Due to high breeding ratio of the fuels used in the fuel pins, the materials undergo 

void swelling, irradiation creep and irradiation embrittlement. Hence, the cladding tube 

materials essentially should have high swelling resistance and creep strength for increased life 

span. 

Structural materials for core nuclear components have evolved continuously to increase 

the fuel performance. The first-generation material, austenitic stainless steel can withstand only 

up to 50 displacements per atom (dpa). For the doses above 50dpa, ferritic/martensitic steels 

are used. Ferritic/martensitic steels exhibit high swelling resistance than austenitic steels but 

their poor thermal creep strength at operating temperatures limits their usage. To overcome this 

problem, new emerging materials, namely, oxide dispersion strengthened (ODS) steels have 

been developed. 

These ODS steels are processed mainly through powder metallurgy route. The 

properties of ODS steels primarily depends on microstructure, particularly the size and number 

density of clusters formed in these steels. Commonly used oxides for ODS steels are Y2O3, 

TiO2, ZrO2 and TaO2. The nature, type, amount of oxides and other alloying elements also 

affect the properties of these steels.  In presence of Ti, Y2O3 is known to react with Ti to form 

Y2Ti2O7 during consolidation. Similarly, we can substitute heavy atoms such as Zr and Hf to 

form Y2Zr2O7 and Y2Hf2O7 compounds. These finely dispersed, nanometre sized particles 

restrict dislocation motion, thereby improving mechanical properties at high temperatures, 

while simultaneously generating a large number of particle-matrix interfaces, which act as a 

sink for radiation induced defects.  

mailto:karthickg2013@gmail.com
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In this study, the effect of nano dispersoids in austenitic steel (SS316L) has been studied 

in two different ways. First, by direct synthesis of Y2Ti2O7, Y2Zr2O7 and Y2Hf2O7 through 

mechanically activated synthesis and reverse Co-precipitation. Second, adding Y2O3, Ti, Zr 

and Hf to form in-situ oxides. The milled powders are consolidated by spark plasma sintering. 

The microstructure, hardness and compressive behaviour of the sintered pellets were 

characterized using different techniques. The high temperature mechanical properties of ODS 

steel with direct addition of Y2Ti2O7, Y2Zr2O7 and Y2Hf2O7 are compared with those obtained 

with oxides formed with reverse Co precipitation and in-situ formed Y2Ti2O7, Y2Zr2O7 and 

Y2Hf2O7. 
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In the present work, synthesis of eutectic nanoscaled Bi-In- Sn alloy particle embedded in Al–

Cu–Fe quasi-crystalline matrix (QC) has been prepared by melt spinning. During investigation, 

transmission electron microscopy has been used for analysis the microstructure of alloy 

nanoparticle. The obtained microstructure indicates the co-existence of three phases (BiIn), (γ-

Sn) and (Bi) within the nanoparticle. It has been observed that each phase bears specific 

orientation relationship (OR) with the Quasicrystalline matrix (QC). In order to understand the 

phase transformation behavior of embedded tri-phasic alloy nanoparticle, we have carried out 

detailed thermal analyses employing differential scanning calorimetry (DSC), high temperature 

X-ray diffraction and in-situ transmission electron microscopy. The result indicates that 

embedded tri-phasic nanoparticle exhibits sharp melting, but solidification occurs over a very 

wide temperature range. Cyclic reheating and cooling experiments have been carried using 

DSC, it depicts very large undercooling of ̴166℃ during solidification. We have attempted to 

explain the nucleation kinetics of solidification and thermal stability of tri-phasic alloy 

nanoparticles. The present study provides an insight into the mechanisms of phase 

transformation behavior of bulk alloy and embedded alloy nanoparticle. 
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Ni-Mn-Ga heusler alloy – polymer matrix composites are a new class of candidate materials 

for vibration damping and magnetic refrigeration applications. Ferromagnetic Ni-Mn-Ga 

heusler alloys exhibit magneto-structural phase transition and hysteresis losses; also, the 

inherent brittleness causes difficulties during shaping. In the present work, an approach has 

been adopted to overcome the above-mentioned problems by incorporating micron/ sub-micron 

size Ni-Mn-Ga particles into a stable and flexible polysulfone matrix by a solution casting 

method. The micro-/sub-micron size particles with mean size ~ 20 µm were prepared by ball 

milling Ni52Mn26Ga22 ribbons for 1 h. The magnetometric studies revealed a decrease of the 

Curie temperature (Tc) of the alloy powders by 4 K and a decrease in the magnetostructural 
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transition temperature by 5 K upon ball milling than that of ribbons. The dynamic mechanical 

analyses showed the peak value of the tan δmax at 382 K during magnetostructural 

transformation is greater than the tan δmax peak due to the glass transition of the pure polymer 

matrix at ~ 410 K showing an enhanced damping characteristic of the composite. Our results 

open up a new possibility of combining the mechanical relaxation and the magnetostructural 

transformation events to achieve a broadband damping effect over a wide range of temperature 

in metal-polymer composites. 
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Concentration-dependent nucleation rates of binary Au-Ge and Cu-Ge 
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Nucleation has an importance in diverse phenomena studied in a broad range of scientific areas. 

In material science, topics of special interest are, among others, new phase nucleation in alloys, 

solid-liquid interface energies, glass formability and possible formation of new phases in 

deeply undercooled melts. Yet, only a few data are available on the general behavior of 

nucleation in alloy melts. We measure large data sets of undercooling for metallic melts and 

analyse this data using a statistical approach related to survival analyses. Deep undercooling of 

Au-Ge and Cu-Ge alloys with different compositions can be observed. The nucleation 

parameters and nucleation rates can be extracted from this data and a comparison to theoretical 

predictions from the classical nucleation theory can be made. A quantity of special interest is 

the solid-liquid interface energy, which was measured in the present study. A dimensionless 

interface energy, the so called Spaepen factor, depends on the crystallographic structure of the 

nucleus and can be used to describe the most probable nucleating phase and eventually reveal 

a different nucleating phase or mechanism. The obtained Spaepen factors are discussed for the 

given alloys with respect to their equilibrium phase diagrams. 
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The indentation size effect (ISE) in Vitrelloy-1 (Vit-1) bulk metallic glass has been examined 

using nanoindentation at various applied maximum before and after cold rolling. It has been 

noticed that the hardness along with reduced modulus of the as-cast, and cold rolled samples 

have been reduced with increase of the indentation depth. Whereas, the cold rolled samples 

exhibits higher hardness than the as-cast one at all applied maximum loads during 

nanoindentation. The ISE phenomenon is more predominant in as-cast sample when it is 

compared to cold rolled samples. The observed ISE of as-cast and cold rolled samples has been 

explained by using dynamic mechanical softening during nanoindentation and friction between 

indenter facets and sample during indentation. 
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Impact of processing on deformation and fracture behaviour of ultra fine-

grained maraging steels 
Kevin Jacob, Deepesh Yadav and Nagamani Jaya Balila 
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Maraging steels are a class of high strength steels that derive their strength mainly through 

precipitation hardening. Its microstructure consists of a combination of martensitic laths having 

an Fe-Ni matrix, ordered precipitates of Ni3Ti and Fe2Mo, and some amount of reverted 

austenite may also be seen depending on the aging treatment to which these steels are subjected 

to. In the current study through High Pressure Torsion (HPT) these steels have been subjected 

to an equivalent strain of nearly 500%, leading to a large increase in dislocation density and 

refinement in grain size. The processing was done so as to understand the impact of these large 

density defect interfaces on precipitation kinetics and reverted austenite formation during the 

subsequent aging treatment. Aging of such a structure would lead to an acceleration in its 

precipitation kinetics and also the fragmentation of the grains due to the HPT process would 

lead to an early onset of recrystallization in the high energy residually stressed structure. A 

comparative study was also done between the as received and the HPT processed maraging 

steel with respect to their tensile and fracture behaviour so as to understand the influence of 

higher dislocation densities in them. 
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Role of processing route on the deformation behaviour of an equiatomic 

refractory high entropy alloy CrMoNbTiW 
Lavanya Raman1, Daniel Fabijanic2, S. V. S. Narayana Murty3, Ravi Sankar Kottada1 

and B. S. Murty1 
1Department of Metallurgical and Materials Engineering, Indian Institute of Technology 

Madras, Chennai, India 
2Institute for Frontier Materials, Deakin University, Geelong VIC, Australia 
3Materials and Metallurgy Group, Vikram Sarabhai Space Center, Trivandrum, India 

E-mail: lavanya.metly@gmail.com 

 

The influence of processing route on the deformation behaviour of an equiatomic refractory 

high entropy alloy CrMoNbTiW was investigated by processing the alloy via powder 

metallurgy and casting route. Mechanical alloying (MA) followed by consolidation using spark 

plasma sintering (SPS) was used in the powder metallurgy route while vacuum arc melting 

(VAM) was deployed in the casting route. After MA+SPS, three BCC solid solution phases, 

TiC and Laves phase were observed. In contrast, only single-phase BCC solid solution was 

witnessed in the cast alloy. The secondary phases in MA+SPS were attributed to incomplete 

alloying and contamination in the form of C, O and Fe from the milling media. Further, constant 

strain rate (10-3 to 10-1 s-1) compression tests were carried out in the temperature range of 1000 

– 1400℃ on sintered and cast samples using GLEEBLE 3800. Deformation behaviour of the 

alloy is elucidated based on the analysis of data obtained from compression testing results 

together with microstructural characterization studies on deformed samples. 
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Ti-based bulk metallic glasses (BMG) are popular with structural and engineering materials. 

the most Ti-based BMGs contain Zr elements. the addition of Zr has been proven to play an 

important role in the glass formation, thermal stability. Ti-Zr-Cu-Co composites with high 

plasticity, and high fracture strength. Recently more research go in for amorphous-

nanocrystalline alloys as reinforcing material. a novel Ti-based composite reinforced with 

Ti42Zr40Cu12Co6 amorphous-nanocrystalline powder was fabricated by powder metallurgy 

through mechanical milling combined with hot pressing. were carried out. The reinforcing 

material produced by high energy ball milling. the weight ratio of the ball to the powder was 

15:1 and a few ethanol was used as process control agent. the biggest change was observed 

after 5 h milling process. the crystalline powder transformed to amorphous structure based on 

XRD measurement.  the maximal milling time was 20 h. further milling the fully amorphous 

structure became to nanocrystalline -amorphous structure. the reinforcing material mixed with 

pure Ti powder. the microstructural evolution and mechanical properties of the milled and hot-

pressed composite were examined by x-ray diffraction (XRD), scanning electron microscopy 

(SEM), transmission electron microscopy (TEM) and micro-hardness test. 
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Dual phase steels are high-strength steels consisting of a soft ferrite matrix, which gives 

adequate ductility, with embedded hard martensite islands which give it its high strength. The 

interaction between these two phases of different hardness and the ensuing mechanisms during 

deformation are interesting to observe. In this study, these steels are deformed to very high 

strains close to 500% via high pressure torsion. While the ferrite phase hardens substantially 

owing to the large increase in its dislocation density and refinement in grain size, the martensite 

phase hardness does not change reasonably, instead it breaks into fragments. Coupled 

nanoindentation, electron backscattered diffraction and tensile experiments are used to 

correlate the effect of ΔH to the resulting mechanical properties of these severe plastically 

deformed microstructures. Further, X-ray diffraction experiments have been used to measure 

the change in dislocation density with increasing strains as well as the development of residual 

stresses in these structures as a function of both strain and depth from the surface. These results 

will be discussed. 
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Effect of initial texture on large strain deformation behaviour of hexagonal close packed 

titanium in high pressure torsion was studied. Discs of 8 mm diameter and 0.8 mm thickness 

with two distinct initial texture comprising of near basal and near prismatic-pyramidal 

orientations were subjected to high pressure torsion at 5 GPa pressure for 0.1, 0.5, 1 and 5 turns 

at room temperature. X-ray diffraction revealed formation of hexagonal omega phase in HPT 

processed samples with the fraction of omega phase increasing with increase in strain. Detailed 

transmission electron microscopy revealed the formation of nanocrystalline grains of alpha and 

omega phase in 5 turn sample for both the orientations. Instrumented micro-indentation showed 

similar evolution of hardness with three-fold increase in hardness compared to the annealed 

sample for both the orientations. However, the prismatic-pyramidal orientation showed 

continuous increase in hardness with strain while the basal orientation showed sudden increase 

in hardness from one to five turn. A comprehensive analysis of phase transformation and 

evolution of nanocrystalline grains as a function of initial texture in hexagonal close packed 

commercially pure titanium will be discussed in detail. 
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Co-based superalloys, which have higher melting points, better thermal fatigue resistance, 

better hot corrosion resistance, and better weldability than Ni-based superalloys, were 

developed decades ago. However, due to the lack of γ-γ’ structure unlike Ni-based superalloys, 

their applications were limited to lower stress components such as stationary vanes in gas 

turbines. Recently, Co-based superalloys possessing γ-γ’ structure were developed through 

alloying addition with W, Al, or Ti, and they exhibit excellent mechanical properties 

comparable to those of commercially available Ni-based superalloys. In the present study, we 

develop Co-based superalloys with enhanced mechanical properties via temperature-stress 

sensing transformation. The resulting Co-based superalloy with γ-γ’ structure and partially low 

stacking fault energy exhibits stress-induced phase transformation. At relatively low 

temperatures, partial phase transformation occurs from FCC to HCP structure which enhances 

the mechanical property. At high temperatures, the addition of interstitial elements leads to a 

unique behavior that prevents crack growth through precipitation preferentially to the initial 

crack. The results provide us with a guideline on how to utilize the temperature-stress sensing 

phase transformation to enhance properties in superalloys. 
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Ultrafine grains along with coarse grains (bimodal distribution) in AA2219 alloy is tailored by 

performing rolling at subzero temperatures of -196°C. The formation of bimodal distribution 

with high dislocation density was characterized using EBSD analysis and XRD analysis. 

Tensile tests shows an increase in strength of 13% due to cryorolling at 75% reduction with a 

marginal decrease in ductility from 16% to 11%. The suppression of dynamic recovery, 

presence of denser dislocations along with bimodal grain structure has contributed to the 

increase in strength without losing ductility drastically. The work hardening behavior of the 

rolled samples are described by Kocks-Mecking plot, which evidenced an increased work 

hardening behavior in cryorolled condition.  
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Metallic glasses are of great interest due to their high strength and hardness. Plastic deformation 

at low and moderate temperatures is known to lead to localized shear with the formation of so-

called shear bands in metallic glasses. In this work, Pd40Ni40P20 bulk metallic glass (BMG) was 

produced by copper mold casting in a melt spinner under argon atmosphere. Plastic 

deformation of differently notched beams was imposed under 3-point bending conditions and 

was in-situ monitored by optical microscopy. We used a focused ion beam (FIB) to prepare 

lamellae out of the regions near shear steps on the surface of deformed samples. Both 

undeformed and deformed states are compared using conventional and scanning transmission 

electron microscopy, including high-angle annular dark-field imaging. Nano-beam diffraction 

patterns were collected with different probe sizes and analyzed with respect to variable 

resolution fluctuation electron microscopy. Changes in the medium range order of undeformed 

and deformed states close to and far from shear bands have been observed and will be 

discussed. 
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In a Zr-based BMG (Vit105), we recently observed significant changes of the medium range 

order (MRO) length scale and MRO type inside shear bands, as compared to the surrounding 

matrix and undeformed material. New calorimetric analyses by DSC after high-pressure torsion 

(HPT) processing at room temperature of bulk amorphous Pd40Ni40P20 revealed an additional 

exothermic transformation in the deeply undercooled liquid region. This exothermic 

transformation as well as modifications of the MRO of that material as function of its thermo-

mechanical history were analyzed using variable resolution fluctuation electron microscopy 

(VR-FEM). The results are discussed using two proposed models for the evaluation of VR-

FEM data: the pair-persistence analysis and the nanocrystal/amorphous composite model. 

Furthermore, the experimental results from VR-FEM and DSC are compared and discussed in 

an interconnected way and interpreted in terms of different MRO characteristics that are 

modified by deformation or relaxation. 
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Novel ultrafine grain composites of cu matrix reinforced with 10 wt. % of Ti48Cu39.5Ni10Co2.5 

and Ti48Cu39.5Zr10Co2.5 (at. %) amorphous-nanocrystalline alloy particles and 0.5 wt. % of 

carbon nanotubes (CNT) have been successfully produced by powder metallurgy. a uniform 

distribution of cnts on the surface of the particles has been achieved already after 5 min of 

milling. the characterization of composites after hot-pressing was performed by optical and 

scanning electron microscopy (SEM), X-ray powder diffraction (XRD), micro- and 

macrohardness, as well as density measurements. additionally, the mechanical properties and 

electrical resistivity of composites have been investigated. densities of cnt containing 

composites decreased by 5% related to consolidated composites without CNTs. The results 

reveal that the offset compressive yield strength of composites decreased by 30%, 

microhardness by 10% with respect to composites reinforced with 10 wt. % of reinforcing 

particles. electrical resistivity increases continuously from 4.03 to 7.27 µohmcm for CNT 

containing composites. changes in mechanical and electrical properties were explained by the 

influence of amorphous-nanocrystalline additive. 
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Over the past few decades, β-Ti alloy Ti-14Mn has been investigated as a potential material 

for biomedical, aircraft and automotive industry applications due to its good cold workability 

and excellent heat treatability. This solution treated beta-type Ti–Mn alloy showed ultra-high 

strength (more than 1850 MPa) after 95% cold rolling due to severe plastic deformation. 

Electron Inline Holography technique has been used to investigate the cause of its excellent 

mechanical property at atomic scale. A through focal series of high-resolution transmission 

electron microscopy images have been used to retrieve the complex-valued exit face wave 

function. The phase information extracted from the exit face wave function has been used to 

investigate the occurrence of contrast modulated lamella. Our main objective is to characterize 

the structure, composition and strain variation across the contrast modulated lamella to 

correlate the existence of the contrast modulated lamella with the exceptional mechanical 

properties of the material. 
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We have used electron correlation microscopy (ECM) and in situ transmission electron 

microscopy (TEM) to observe relaxation dynamics and crystallization kinetics in supercooled 

metallic glass forming liquids. The length and time scales of heterogeneous dynamics are 

central to the glass transition and influence nucleation and growth of crystals from the liquid. 

Electron correlation microscopy (ECM) experiments use time-resolved tilted dark field 

transmission electron microscopy with sub-nanometer resolution for direct measurement of 

those length and time scales. ECM measurements have been used to study surface dynamics of 

Pt-based metallic glass nanowires. We have observed the presence of a ~1 nm thick layer near 

the surface of these nanowires where the dynamics are faster by an order of magnitude. This 

layer shows a glass transition temperature (492 K) that is suppressed by ~15 K compared to 

the bulk (507 K). The relationship between faster dynamics and nucleation has been explored 

via conventional imaging experiments during in situ heating in a TEM. Experiments on the 

effect of nanoparticle size on relaxation dynamics and crystallization kinetics on TiCoAlGd/Y 

metallic glass nanoparticles synthesized by dealloying will be described. 
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The investigation of the amorphous atomic structure in metallic glasses (MGs) is essential for 

production and design of metallic glasses as engineering materials. Unlike crystals, metallic 

glasses have no long-range order defining a crystal, but still consist of distinct atomic structures 

called medium-range order (MRO). The degree and type of MRO in amorphous materials can 

be measured by fluctuation electron microscopy (FEM) using the evaluation of spatial 

fluctuations in diffraction from nanoscale volumes or intensity variations in dark field images. 

It has been experimentally shown that the dynamics of metallic glasses in terms of atomic 

mobility are related to their mechanical properties and connect to the underlying mechanisms 

of plastic deformation. Therefore, spatial maps of atomic fluctuations are needed which give 

insight into typical time and length scales of these rearrangements. Electron correlation 

microscopy (ECM) is able to investigate dynamics and relaxation phenomena at the atomic 

scale. The focus of the presented study is the atomic structure of MG nanorods using the 

techniques of ECM and FEM in TEM. The non-equilibrium dynamics of the nanostructured 

MGs are analysed at room temperature, in the super-cooled liquid region and in a cryogenic 

environment. The different sample preparation routes are presented and the possibilities of in-

situ sample analysis, which enables an observation of the microstructure and reactions at the 

atomic level during e.g. heat treatment, are discussed. 
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Ni-24W-22Fe ternary alloy is matrix of W-Ni-Fe heavy alloy system. A comprehensive in-situ 

deformation study of matrix is investigated using electron back scatter diffraction (EBSD) tests. 

An understanding of role of grain interaction and texture evolution in this material has been 

studied. It is shown that depending upon the neighbours, the local slip activity inside a grain is 

significantly affected, resulting in different reorientation paths for the same grain. To 

complement the experimental results, simulation was performed using Taylor type, iso-strain 

model, and full field Fast Fourier transform based crystal plasticity model (DAMASK) to 

describe the intrinsic (initial orientation) and extrinsic effect (neighbours). It is observed that a 

straightforward correlation between initial orientation, the degree of interaction and texture 

evolution is difficult to establish, except for the stable end orientations in the tensile axis 

(<100>, <111>) which are non-interacting. Moreover, the consequence of grain interaction on 

the formation of dislocation boundaries, deformation bands (micro shear bands) and the 

resulting macroscopic stress-strain response (strain hardening behaviour) is also discussed. 
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Nano-indentation has evolved as a powerful tool for characterizing the local deformation 

behavior of materials. Use of Spherical indentation enables us to obtain representative 

constitutive response at nano scale at different levels of strain. Rate sensitivity is one of the 

important characteristics of materials that can provide information about the operative micro-

mechanisms during plastic deformation of ductile materials. So far local rate sensitivity is 

determined using the sharp Berkovich tip and taking indenter displacement rate as the strain 

rate. In the present approach we use the 10 μm spherical tip in the continuous stiffness 

measurement mode of nano-indentation and present a new method for determining strain rate 

by combining the modified way of determining indentation strain and recorded time steps 

during indentation. Proposed method implemented on textured commercially pure zinc in 

rolled and annealed condition for different orientations shows strong orientation dependence 

of SRS on orientation.  Attempt has been made to correlate local rate sensitivity and the bulk 

strain rate sensitivity determined from conventional strain rate jump test in tension. The 

applicability of the method for determining strain rate sensitivity and activation volume of 

various nano-crystalline metallic materials will be discussed. 
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Owning to their completely disordered structure, random solid solutions are difficult to model 

atomistically. An infinitely large supercell with a random distribution of atomic species at 

lattice sites would suffice but would be infeasible to treat computationally. Special 

Quasirandom Structure (SQS) is an intricate scheme to model the inherent chemical disorder 

in random solid solutions that utilizes a minimum number of atoms to do so. TiZrN is a well-

documented solid solution, in spite of which ab initio thermodynamic studies on TiZrN 

employing an SQS yielded negative phonon frequencies indicating dynamic instability in the 

structure. This calls the efficacy of SQS into question. Due to a certain extent of short-range 

ordering present in random solid solutions even at higher temperatures, might it be that a 

completely disordered treatment using SQS isn’t enough? In this work, we use a crystal 

structure prediction code Universal Structure Predictor: Evolutionary Xtallography (USPEX) 

that uses an evolutionary algorithm for global optimization in a multi-dimensional 

configurational space to induce order in an SQS. All structures are geometrically relaxed using 

Density Functional Theory (DFT) as implemented in the Vienna Ab Initio Simulation Package 

(VASP). In the case of Ti0.5Zr0.5N, we found an energetically more stable and ordered structure. 
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Microstructure engineering is one of the methods to alter the physical properties of the material. 

Separation of two or more component solution into distinct phases as a result of spinodal 

decomposition produces a finely dispersed microstructure which improves the physical 

properties of the material. Spinodal decomposition phenomenon has been observed in various 

A-B type binary alloys such as Ti-Mo, Ti-V, Cu-Ti, Ti-Nb etc. Experimental pieces of evidence 

in literature have confirmed the presence of an alternating compressive and tensile region in 

the modulated band. The alternating strain arises due to the generation of A rich and B rich 

phases due to short-range diffusion. Experimentally, the line scan of the two-phase region 

through EDX can provide the compositional information. In this paper, the alternating tensile 

and compressive strain region is qualitatively correlated with composition of the separated 

phases using First Principle calculation. The change in the lattice parameter of the product 

phases with respect to the parent phase leads to compressive and tensile strain. The parent and 

product phases are modelled and the equilibrium lattice parameter and the strain associated 

with the relaxed phases are calculated using Density functional theory. Qualitative relation 

between stained regions and the composition of the product phases is established using DFT 

studies. 
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Interface between nano-sized metal-ceramic heterostructures plays an important role in 

dictating their properties. Interfaces between metals and ceramics are assumed to be atomically 

sharp, but recent studies suggest that Ti(metal)-TiN(ceramic) system are compositionally 

graded across the interface. This chemically graded interface can potentially find application 

in wear resistance coatings, barrier layer for IC interconnects, hetero-catalysts etc. Such 

chemically graded interfaces have some unusual characteristics like, gradual variation of elastic 

modulus across the interface. Bonding at the interface could improve due to smooth variation 

in lattice parameter, enabling reduction in residual stresses across the layers. To explore other 

combinations of metal/ceramic systems that could plausibly result in chemically graded 

interface by experimental effort is arduous. Here, we performed first-principles calculations 

based on density functional theory to predict formation of chemically graded interface. In Ti-

TiN, chemical gradation is attributed to creation of N vacancy in TiN; and diffusion of N into 

interstitial site of Ti. This provides quantitative way to calculate driving force to form a 

chemically graded interface. We calculate vacancy formation energy, interstitial formation 

energy; sum of two quantities give estimate of driving force to form chemically graded 

interface.  We have considered different combinations of metals viz., M = Ti, Zr, Hf, V, Nb, 

Ta, Al, Fe, Mg, Cr, and Mn and ceramics MaXb, where X= C/N/O, to evaluate if they can form 

a chemically graded interface. 

 
S5-12 

Thermodynamic assessment of Nb-Ti-Ta-Zr high entropy alloy, using 

density functional theory 
S. Kumar and V. Jindal  

Indian Institute of Technology BHU, Varanasi, India 

E-mail: shankerkr.rs.met17@itbhu.ac.in 

 

The concept of high entropy alloy (HEA) opens a vast unexplored composition range for alloy 

design. As a well-studied system Nb-Ti-Ta-Zr has attracted tremendous amount of attention to 

develop new-generation high-density structural materials for Nuclear applications. In spite of 

intensive investigations in the past few years, the phase stability within this HEA system is still 

poorly understood and needs to be clarified, which poses obstacles to the discovery of 

promising Nb-Ti-Ta-Zr HEAs. In the present work, DENSITY FUNCTIONAL THEOREY 

(DFT) and CLUSTER EXPANSION were used, for total energy calculation QUANTUM 

ESPRESSO (QE) and for cluster expansion maps code of ALLOY THEORETIC 

AUTOMATED TOOLKIT (ATAT) were used. The emc2 code used to calculate the whole 

free energy surface of a given phase. 
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Refractory metals and alloys are extensively used for high temperature structural applications 

due to their ability to maintain high modulus and strength at high homologous temperature 

along with exceptionally high thermal stability and good wear resistance. Recently 

multiprincipal and multicomponent alloys of refractory metals with five or more refractory 

elements, the refractory high entropy alloy (RHEAs) have been developed to achieve better 

high temperature mechanical properties. It is expected that RHEAs will be able to exploit the 

advantageous properties of individual refractory metals and provide exceptional high 

temperature properties. In order to probe the phase evolution and stability as a function of 

temperature in equiatomic and non-equiatomic composition of RHEAs, thermodynamic 

modeling using CALPHAD (CALculation of PHAse Diagram) method with TCHEA database 

(TCHEA3) are carried out. 

In the present work, we screened 126 equiatomic and 2902 non equiatomic 

compositions in search of single-phase forming RHEAs. The alloys, based on nine RMs (Cr, 

Hf, Mo, Nb, Re, Ta, V, W, Zr) are probed in CALPHAD using TCHEA3 database. The 

computational results show that two alloys MoNbTaWV and CrMoWReV have single phase 

over wide temperature range (1000 K - 2600 K) but single phase of these alloys transformed 

into other intermetallic phases (BCC B2 and sigma) below 700 K. Similarly, the calculations 

on non-equiatomic CrMoWReV alloys shows phase stability of single phase only up to 800 K. 

However, non equiatomic alloys of MoNbTaWV shows promising results and reveal that 54 

alloys have stable single-phase structure at low temperature (400 K). Some of these alloys are 

probed with detailed XRD, SEM and TEM. Experimental observation reveals that CALPHAD 

calculation matches reasonably well using experimental results. Therefore, combination of 

CALPHAD and experimental tool can be utilized to unearth new non equiatomic RHEAs with 

better phase stability. 
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Flash sintering is recently discovered novel technique for densification of nano-ceramic 

materials. Through flash sintering, it is possible to densify vast gamut of ceramics very fast i.e. 

in couple of seconds and at much lower furnace temperature compared to the conventional 

sintering. However, till date there is a lot of contradiction regarding the mechanisms 

contributing to the densification. Additionally, the effect of electric field and occurrence of 

significant grain growth during flash sintering is not well understood. Joule heating of the 

sample during flash sintering under applied electric field is one of the prominent proposed 

mechanisms. The near instantaneous temperature increase during flash sintering is very 

difficult to measure experimentally. Computational techniques can help in understanding the 

role of Joule heating in flash sintering. In this work, finite element analysis (FEA) is performed 

to study flash sintering. Various sample geometry including the dog-bone, cylindrical geometry 
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with different L/D ratios and three different oxide ceramics (Yttria stabilized Zirconia (ZrO2), 

Zinc Oxide (ZnO) and titania (TiO2)) are investigated. Estimation of Joule heating, temperature 

gradient along different cross-section and relative density are carried out using ELMER FEA 

software. Result obtained from FEA has been compared with experimental data.  Significant 

Joule heating was predicted by FEA in all the samples during flash sintering. FEA also can 

explain lower temperature densification observed experimentally in ZnO compared to the other 

oxides. However, temperature gradient predicted by FEA in ZnO does not match with the grain 

size observed experimentally. Our study shows that Joule heating though plays a major role in 

near instantaneous densification in flash sintering; it cannot completely explain the flash 

sintering phenomenon. Further experimental and computational study is essential to understand 

flash sintering. 
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Among the disordered perovskite systems there is big family of A(B'1/2B''1/2)O3 type 

compounds where the B-site cations may be ordered or disordered depending upon their size 

and charge differences but the ratio of B':B'' is fixed like 1:1, 1:2, 1:3 as in compounds. Such 

site and charge disordered and ordered compounds with one of the B' site cation being a 3d 

transition metal element have received immense attention from the point of view of their 

electronic properties, magnetic properties and spin glass (SG) transitions, multiferroicity and 

superconductivity. 

Here, we present the results of comprehensive analysis carried out on Ca(Fe1/2Nb1/2)O3 

compound using dc and ac magnetic susceptibility, isothermal magnetization M(H), memory 

and rejuvenation effects, specific heat and X-ray powder diffraction (XRD)/neutron powder 

diffraction (NPD) measurements. The temperature dependence of NPD patterns reveals the 

appearance of broad diffuse peak ~175K of magnetic origin (magnetic diffuse scattering) but 

no magnetic Bragg peaks down to 4K. The analysis of the diffuse magnetic peak reveals that 

the short-range antiferromagnetic (AFM) spin-spin correlations are developed, and the 

estimated correlation length (ξ) gradually increases with decreasing temperature. The negative 

Curie-Weiss temperature also confirms the strong AFM correlations and the χ (ω, T) 

measurements show a frequency dispersion around 25K. Further, the field dependence of cusp 

temperature shows Almeida-Thouless (A-T) line phase boundary revealing the signature of 

ergodicity breaking. Specific heat measurement shows that there is no peak (lambda like 

anomaly) around Tf suggesting the lack of long-range magnetic ordering characteristic feature 

of spin glass. Our results also reveal slow relaxation of thermoremanent magnetization (TRM), 

memory and rejuvenation effect below TSG as confirmed by the hole burnt and memory step 

measurements. 
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Recently, it has been reported that the Curie temperature (TC) of the γ-Ni phase in Fe-Ni system 

can be brought down to room temperature by suitable alloy addition. Therefore, Fe-Ni system 

exhibit potential application as a room temperature magnetic refrigerant material which works 

on the principle of magnetocaloric effect. In the present study, we report the microstructure 
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evolution, thermal stability and thermomagnetic properties and magnetocaloric effect of 

differently milled (Fe0.50Ni0.50)70.5B17.7Si7.8Ti4 alloy have been investigated. The alloy powders 

have been prepared from elemental powders using a planetary ball mill. The powders were 

taken out after 3 h, 9 h, 18 h, 24 h, and 36 h of milling. The as-milled powders have been 

solution annealed at 973 K for 2 hours followed by quenching in ice water to stabilize the γ-Ni 

phase. The XRD pattern of the as-milled powders reveal that γ-Ni phase has evolved after 3 h 

of milling. The estimated lattice parameter and crystallite size of the γ phase in the as-milled 

powders are in the range of 0.35-0.36 nm and 3-7 nm, respectively. The width the XRD peaks 

in case of the quenched powders have been considerably reduced compared to that of the as-

milled powders and shows the formation of Fe2Ti phase. The DSC scans of all the powders 

shows an exothermic peak near 830 K, which implies the occurrence of a crystallization event. 

The thermomagnetic measurements of the as-milled powders indicate that the TC of the 

powders lie in the range of 500-600 K. Moreover, the TC of the 9 h quenched powder is 608 

K. The temperature hysteresis of the magnetization shows a first order transition. The 

maximum isothermal magnetic entropy change has been estimated to be 0.45 J/kg K under a 

magnetic field of 13800 Oe for the 9 h quenched powder. 
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Study of magnetic nanoparticles (NPs) has been the subject of recent interest owing to their 

potential applications. In particular nickel nanoparticles can be used in magnetic fluids, medical 

diagnosis, hyperthermia and exhibit excellent catalytic activity, high stability. It is well known 

that the structural and magnetic properties are sensitive to the synthesis process conditions. It 

was suggested that residual impurities may appear when reducing agent like NaBH4 is used, 

while Ni particles with fewer impurities may be synthesized using polyols but the product 

particle size tends to be large due to weaker reducing ability of polyols. A modified polyol 

method has been adopted to synthesize Ni NPs. Therefore, in the present study we report on 

thermal stability and magnetic properties of Ni NPs prepared by two different methods namely 

NaBH4 reduction (S1) and polyol (S2) methods. Fine particles of Ni were synthesized with 

NiCl2.6H2O, NaOH and NaBH4 as precursors. The X-ray diffraction patterns of as-prepared 

sample synthesized by S1, S2 methods show the FCC reflections without any impurity. While 

NiO peaks are observed in air annealed sample (at 600ºC for 1 hour) synthesized by Polyol, 

which are absent in air annealed sample synthesized by S1 method. The saturation 

magnetization (MS) of as prepared samples is low and could be attributed to strain and disorder, 

while samples annealed in Argon atmosphere show enhancement in MS values. Interestingly 

samples prepared with NaBH4 reduction method and annealed in Argon atmosphere show 

higher MS values. On the other hand, air annealed S2 sample showed weak FM nature at room 

temperature while S1 sample remained in ferromagnetic state. Therefore, comparison of these 

results suggest that Ni particles prepared by S1 method appear to be thermally stable and 

exhibit superior magnetic properties compared to the samples prepared by S2 method. These 

contrasting results will be discussed in detail along with microstructure. 
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The fast-growing use of natural energy sources such as solar and wind to generate electricity, 

requires the development of reliable, affordable, and efficient electric energy storage systems. 

Thus, electrochemical capacitor systems can offer excellent devices showing high power (>10 

kW kg-1), high rate capability and long cycle life (>1 000 000 cycles). Many kinds of materials 

have been widely investigated as supercapacitor electrodes, such as carbon materials, 

graphene-based composites of metal hydroxides and metal oxides. In this work, new 

pseudocapacitive materials were obtained by thermal decomposition of cyanometalates (PBAs) 

obtained by precipitation over different carbon structures (graphene oxide, carbon nanotubes 

and mesoporous carbon). The materials were characterized using XRD, Raman, ATR-FTIR, 

SEM, TEM and XPS. Furthermore, the electrochemical performance of the materials was 

tested by cyclic voltammetry, step potential electrochemical spectroscopy, electrochemical 

impedance spectroscopy and charge-discharge curves at different current rates in 1 M KOH. 

These techniques were applied in order to understand the double layer and pseudocapacitive 

mechanism of K ion storage. The material formed in presence of graphene oxide exhibited the 

best electrochemical behavior, maintaining almost constant its initial capacitance after 500 

cycles at 1 A g-1. 
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Recently, Mo-based catalysts have attracted considerable interest as electrocatalysts for 

hydrogen evolution reaction (HER). In this study, we report the synthesis of an innovative 

platinum supported on Mo-doped multiwalled carbon nanotubes (Pt/Mo-MWCNTs) 

electrocatalyst and its electrochemical performance for HER. Both, Mo doping, and Pt 

decoration were achieved via a simple vapor-phase decomposition method using Mo 

hexacarbonyl and Pt-acetylacetonate precursors. XRD, HRTEM, XPS and Raman analysis 

indicated that Mo atoms were effectively incorporated into the hexagonal lattice of MWCNTs 

and Pt particles of about 5 nm in size were uniformly distributed on their surface. The 

electrochemical performance of Pt/Mo-MWCNTs was investigated in a 0.5 M H2SO4 solution 

at room temperature by linear sweep voltammetry. While the catalytic activity of 5%Pt/Mo-

MWCNTs was found to be comparable with that of commercial 10%Pt/C-vulcan catalysts, 

particularly the 10%Pt/Mo-MWCNTs exhibited remarkable low overpotential of 0.13 mV at 
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10 mA/cm2 and small Tafel slope of 35 mV dec-1. Moreover, the 10%Pt/Mo-MWCNTs 

demonstrated excellent stability. 

 
S6-7 

PDMS-ZnO nanocomposites for encapsulation of printed electronic devices 
Garikapati Nagasarvari and P. Swaminathan 

Department of Metallurgical and Materials Engineering, Indian Institute of Technology 

Madras, Chennai, India 

E-mail: sarvari.g19@gmail.com 

 

Printed electronic devices have become ubiquitous owing to their ease of fabrication and low 

cost. The device’s functionality can be further increased by implementing them on flexible 

substrates. But, there are environmental degradation issues, especially for plastic substrates, 

because of their high permeation rate to water vapour and oxygen. Hence, proper encapsulation 

is needed to protect these devices. Organic-based coatings are good for corrosion protection 

since they are versatile, compact, obstruct the flow of current (in the case of non-conducting 

polymers), and are cost-effective. Organic barriers delay the diffusion of water and oxygen 

molecules, thereby preventing the formation of a channel for corrosive ions to penetrate. 

Polydimethylsiloxane (PDMS) has a low surface energy and is well known for its flexibility, 

thermal stability, hydrophobicity, and chemical resistance. Moreover, PDMS can be spin 

coated directly on the device and cured at temperatures below 200 ⁰C, which is compatible with 

many flexible substrates. Metal oxide nanoparticles, such as zinc oxide (ZnO), when added to 

the PDMS matrix ensure barrier protection by reducing the porosity and the diffusion pathway. 

The advantages of high hardness, low refractive index, and hydrophobic nature of nano ZnO 

are explored in this work to prepare a ZnO - PDMS nanocomposite which is spin coated on a 

printed device to be protected and it is observed to have good transparency, hydrophobicity, 

heat resistance, and stability against corrosion. The device functionality in the presence of the 

coating is also verified. 
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Lithium tetraborate (Li2B4O7) prepared by using water/solution assisted method were 

synthesized and characterized. Copper was used as doping material in order to enhance the 

Li2B4O7 thermo luminescent properties. For synthesis heating temperature parameters were 

defined at 750 °C for 2 hr, followed by 150°C for another 2 hr. The materials were produced 

at five different Cu concentrations: 0.02, 0.04, 0.06, 0.08 and 0.1 wt%. The luminescent and 

morphological characterizations were performed by XRD, SEM, PL and UV-Vis. XRD 
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patterns of the Li2B4O7 matched a tetragonal crystal structure. Crystals of Li2B4O7 of an 

average size of 50 nm were obtained. The presence of the copper dopant was confirmed in 

crystals of Li2B4O7: Cu by SEM-EDS. The emission spectrum of Cu doped Li2B4O7 showed a 

prominent peak at 367 nm, while the main UV-Vis absorption was observed from 240 nm to 

300 nm due to Cu+ ion 3d10 → 3d94s transitions. The thermo luminescent (TL) response was 

studied for both γ radiation and X-ray. A 661.7 keV γ radiation using a 137Cs source at doses 

of 50-500 mGy was applied to LTB:Cu (0.1 wt %) pellets. An X-ray source was used at doses 

of 600-1000 mGy to irradiate pellets of LTB:Cu 0.1 wt %. A linear TL response was observed 

for both X-ray and γ radiation. The Effect of annealing results, showed that LTB:Cu-0.1% 

(Teflon Pellets) has good emission at 400℃/2 hr among five different times. The two 

maximum main peaks are found at 159℃ and 275℃ and also the kinetic parameters were found 

by using glow curve shape method in effect annealing test. The TL intensity was increases 

when heating rate was increased. The dose response was observed it’s linear in function of 

different dose. The Fad of this material for 1 day is 18.0%. The characterization and its 

dosimeter properties results showed that this LTB:Cu (0.1% Teflon Pellet) could have good 

potential applications in radiation dosimeter for radiation therapy treatment in medical field. 
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High entropy alloy (HEA) is one of the promising and future materials to transform and replace 

conventional alloys such as steel or other nonferrous alloys. However, synthesis of HEA is not 

an easy task as it involves the combination of different metals/elements of different properties. 

Similarly, criteria for selecting the elements to prepare HEAs are also not simple, as HEA 

usually consists of multi-components (more than four elements) which are physically as well 

as chemically distinct in nature. Corrosion is vital concern for commercially available 

conventional alloy in various aggressive environments such as marine and process industry. 

An equiatomic alloy system Co-Cr-Cu-Fe-Mo was synthesized using a ball milling at 50 hour 

and ball to powder ratio is maintained is about 10:1 followed by compacted into pellets. 

Further, these pellets are melted using a high vacuum assisted non-consumable arc melting 

process and casted into small cylindrical billets. Present paper mainly focused on examining 

passivation behavior of developed alloy using potentiostat and impedance instrument. 

Electrochemical impedance spectroscopy test was carried out using a conventional three-

electrode potentiostat (specimen as a working electrode, a saturated calomel reference 

electrode, a platinum mesh as a counter electrode) in the solution of to 3.5 wt.% NaCl.  

Polarization resistance of HEA is calculated using an electrical equivalent circuit to fit the 

experimental impedance plots. A large semicircle radius is obtained (Nyquist plot) for the Cr-

Co-Cu-Fe-Mo HEA in the solution of 3.5 wt.% NaCl. Polarization resistance and capacitance 

of developed HEA are about 20356 Ohm.cm2, 2.78 µF respectively in the solution of 3.5 wt.% 

NaCl. 
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High entropy oxides (HEO) and high entropy alloys (HEA) are the materials having more than 

five principal components which form single phase due to high configurational entropy. These 

materials give rise to several interesting properties and can be used in several processing and 

industrial applications. More interesting properties can be expected from such materials by 

confining the particle size to few nanometres.  Oxygen electrocatalysis is one of the areas where 

such nanostructured materials can be extensively applied. Catalyst materials for oxygen 

reduction reaction (ORR) and oxygen evolution reaction (OER) are very widely studied 

because of their application in fuel cells, metal air battery and hydrolyser systems. The 

commercialization of these clean energy technologies is hindered by the scarcity, high cost and 

less durability of the current state of the art ORR and OER catalysts. In the present study, we 

explore the applicability of nanostructured HEO in Li-O2 batteries after synthesizing a HEO 

containing Co, Cr, Ni, Al, Fe by a simple bottom up method. The HEO has a single-phase 

rocksalt structure with sizes less than 10nm. Bi-functional electrocatalytic activity of the 

synthesized HEO nanoparticles for ORR and OER in Li-O2 cell is investigated to understand 

the catalytic activity of nanostructured HEO. Further, the materials are tested as cathode 

electrocatalyst in Li-O2 cell, which performed 25 cycles giving a reversible capacity of 1000 

mA h g-1 at 250 mA g-1 constant current density.  

 

S6-14 

Investigating the chemical stability of fine-grained ODS alloy SOFC 
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Solid oxide fuel cells (SOFCs) are among the most promising clean energy producing devices 

with additional advantages of modular design and high power density. Bringing down their 

operating temperatures in the range of 600 - 800 °C will enhance their economic viability. In 

this temperature range, use of metallic interconnects can be the additional advantage. For this, 

ferritic stainless steels will be suitable choice, only if the evaporation of volatile Cr-ion species 

and the resulting issue of cathodic poisoning can be addressed. 

 In this work, the chemical stability of a fine-grained Oxide Dispersion Strengthened 

(ODS) ferritic stainless steel alloy in SOFC cathodic environment has been investigated. The 

ODS alloy interconnect was fabricated by a novel friction reverse deposition process. The 

thermo-mechanical processing of the alloy resulted in a fine grained tubular interconnect with 

selectively modified outer surface having oxide dispersoids. These interconnect samples were 

coated with homogenized slurry of conventional cathode material, i.e. Lanthanum Strontium 

Manganite (LSM) and 8 mol% Yttrium Stabilized Zirconia (8YSZ) (50-50 wt%). Then, the 

coated samples were oxidized at 800 °C for 100 hours in ambient air. Post oxidation, they were 

characterized using Scanning Electron Microscopy (SEM) and Energy Dispersive 

Spectroscopy (EDS) to gauge the extent of cathode poisoning. 



 

191 
 

SESSION-7: THIN FILMS, COATINGS AND 
LOW DIMENSIONAL MATERIALS 

__________________________________________________________________________________ 
 

S7-1 

Plasma sprayed alumina and alumina-graphite coatings and its tribological 

characterization 
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The desideratum of this research was to determine the tribological trends of the different weight 

percentages of a dry lubricant- graphite as an additive at to an alumina-coating matrix using an 

air-hydrogen plasma. For the deposition process, the initial powders: pure alumina with varied 

contents of graphite (5%, 10%, 15%) weight-percentages, were coated on steel substrates. The 

plasma torch- power was set to ~40 kW. The surface morphology was investigated by a 

scanning electron microscope (SEM) Hitachi S-3400N. The elemental composition of the 

coatings was determined by an energy dispersive X-ray spectroscopy (EDS) Bruker Quad 5040 

spectrometer. The surface roughness was measured using a Mitutoyo Surftest-SJ-210-Ver2.00 

profilometer. Structural characterization of the coatings was performed by X-ray 

diffractometry. Tribological properties of the samples were evaluated using a CETR-UMT-2 

ball-on-disc tribometer and a 3D optical microscope- Bruker-ContourGT-K0. The surface 

roughness for the coatings were in the range from 2.2-3.6 µm. Disordered globular formations 

were observed with additions of graphite as seen from SEM. XRD measurements indicated that 

the predominant phases in the alumina-graphite coatings were α-Al2O3, γ-Al2O3 and the 

graphite peak (002). The friction coefficient of the alumina-composite coatings had been 

observed to be linearly increasing from 0.56-0.64, for pure alumina to the highest wt.% of 

graphite, respectively. The normalized wear trends were found to be mere plastic-deformations, 

a reason owing to the inter-transformative play of the α-Al2O3 and γ-Al2O3 phases. 
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Stainless steel (SS) has been reported to be an effective alternative material for bipolar plates 

(BPPs) in Proton Exchange Membrane Fuel Cells (PEMFCs) due to its low cost, easy 

fabrication, and mechanical properties. However, stainless steel BPPs are prone to corrosion 

and/or oxidation due to the acidic environment prevailing in PEMFCs, resulting in the 
dissolution and passivation, which ultimately degrades the performance of the fuel cells. To 
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improve the corrosion resistance and durability of 316L stainless steel (SS), surface coating is 

vital. The conductive polymer coatings have received significant attention as a kind of 

protective coating on the metallic bipolar plates because of their good conductivity, high 

thermal stability, simple synthetic process, smaller density and good corrosion resistance. In 

the present work, we have coated polyaniline (PANI) on SS using electropolymerization 

method followed by platinum deposition using electrodeposition method. The 

electropolymerization of polyaniline was achieved by cyclic voltametry at a scan rate of 20 

mVs-1 upto 3 cycles to achieve uniform thin coating over SS. The platinum particles were 

deposited on PANI/316L SS by potentiostatic method at a constant potential of -0.23 V vs 

Ag/AgCl. The variation in impedance behavior as a function of the different coating cycles of 

PANI were also investigated, which exhibited distinctive charge transfer resistance with 

improved corrosion resistance. The deposition of Pt was thought to improve the conductivity 

of the substrate and minimize the corrosion via blocking of pores. The surface morphological 

changes of the coated samples were examined by FESEM. The XRD analysis has been carried 

out to study the composition of Pt coated sample, which confirms the presence of Pt (111) and 

Pt (311) peaks at 2ϴ value of 39.8˚ and 81.3˚. The potentiodynamic polarization test was 

carried out to inspect the effect of Pt particles on the corrosion resistance and the results 

obtained for Pt/PANI/316LSS showed a significant 410 mV shifts more positive /higher 

corrosion potential (Ecorr = 480 mVAg/AgCl) with respect to PANI (Ecorr = 70 mVAg/AgCl), which 

concludes that the composite coating was highly effective and can be adapted for real time 

application in PEM fuel cell.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
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Rapid quenching of materials from high temperatures is routinely used to retain/create 

metastable states, such as supersaturated solid solutions, amorphous states of crystalline 

materials and so on. In this presentation, we indicate the possibility of utilizing isothermal gas-

solid equilibration as a means to realize such metastable states, without the necessity of rapid 

thermal quenching. Gaseous nitriding of iron-based alloys in flowing NH3/H2 mixtures is 

utilized as an example illustrating the above proposed concept. With the help of our detailed 

CALPHAD based thermodynamic calculations and several previously reported experimental 

observations, we show that certain iron-based alloys and commercial stainless steels (such as 

Fe-Cr/V/Ti alloys and AISI 304/316 SS), subjected to gaseous nitriding at relatively low 

temperatures in the range of 450-550℃ are forced to undergo metastable N supersaturation 

leading to spinodal decomposition. This happens in the course of attaining a so-called 

metastable gas/solid N paraequilibrium in the situation of restricted solid-state substitutional 

element diffusion but with appreciable interstitial element diffusion. Understanding and 

optimizing these metastable states are of great scientific as well as technological interest. For 

example, stainless steels are known to develop colossal N supersaturation, when subjected to 

low temperature gas nitriding treatments, which allows the surface hardening of stainless-steel 

components with simultaneous enhancement of corrosion resistance properties. This way new 

alloy chemistries can be designed to access such metastable states and thus realize the 

necessary property enhancement. 
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Nowadays, solid-state dewetting is getting much attention as an economical pattern formation 

technique due to its inherent physics to produce various ordered complex structures. Dewetting 

is a widely observed phenomenon in solid state thin film in which the film tends to agglomerate 

to reduce their total interfacial energy. The energy minimizing shape for an isotropic film is an 

island of spheres attached to the substrate, but it is the complex intermediate structure which is 

very attractive from a point of view of pattern formation. The intermediate structure is mainly 

affected by surface energy anisotropy, film thickness and grain boundaries (in a polycrystalline 

film). In this work, we are using a three-dimensional phase field model (PFM) to understand 

the conditions and mechanisms of different instabilities involved which produces complex 

microstructures during dewetting of the solid-state thin film. PFM does not require explicit 

tracking of the moving interface which enables us to study the evolution of arbritray shaped 

dewetted microstructural features. 
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Giant magneto-impendence (GMI) effect has received much attention in recent years due to its 

ability to sense at low field and at different frequency range which offer important technical 

and economic benefits. GMI is the measure of impedance change with respect to frequency 

and magnetic field, which was first observed by Harrison in 1935. The calculation of the GMI 

effect could be carried out by solving Maxwell and Landau-Lifshitz-Gilbert (LLG) equations. 

The impedance of the material can be expressed as follows: Z=0.5Zdc kd Coth(0.5kd), Where 

Zdc is the resistance of the sample, and Zdc=1/σωd, k=√σωμ/2  (1+i)=1+i/δ Where σ is electrical 

conductivity, d is the thickness of the film, μ is the magnetic permeability, ω is the frequency 

and δ is the skin depth. It is apparent from the above formulas that the calculation of the 

impedance depends on permeability. The permeability could be introduced by solving the LLG 

and Maxwell equations at equilibrium condition: Μr = (γH_eq+γMs+iαω) (γH_eq+γMs A+iαω-

γHk  sin2θ)-ω2/(γHeq+γMs+iαω) (γH_eq+iαω-γHk  sin2 θ)-ω2 Heq is the magnetic field including 

Hk,external field and NMs .The impedance could be obtained by  μ=μ0 [μ]r into the calculation 

of impedance. Numerical calculation for the GMI effect of the films has been carried out by 

using lsqcurvefit method in MATLAB software with the help of established model shown 

above. The common values of all the NiFe/ITO films are given as follows: μ0=4π×10-7 H/m, ϒ 

is gyromagnetic ratio, Ms=100 A/m. Frequency varied for all the films based on the 

experimental results were we get (MI)max. Other parameters such as demagnetization factor 

(N), electrical conductivity (σ), the thickness of the film (d), relative magnetic permeability 

(μr), α damping factor (α), angle between the equilibrium state at of magnetization and easy 

axis (θ), magnetic anisotropy field (Hk) and easy axis, angle between magnetic anisotropy field 

and easy axis finding (θ0) are found from lsqcurvefit. 
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The viability of nano ZnO incorporated phosphate coatings deposited on low carbon steel is 

investigated. Nano ZnO phosphate coatings are electrodeposited on low carbon steel (AISI 

1015) for various current densities and deposition time. Corrosion protection performance of 

these coatings is assessed using potentiodynamic polarization curves and electrochemical 

impedance spectroscopy (EIS) in 3.5% NaCl electrolyte and compared with the chemically 

deposited zinc phosphate coatings and bare low carbon steel. The surface morphology, 

composition and the growth process of these coatings are investigated using SEM, EDX, XRD 

and electrochemical measurements. The X-ray diffraction study reveals that the obtained 

phosphate layer contains the trace of hopeite and phosphophylite. The electrodeposited nano 

ZnO phosphate coating offers high corrosion protection (~ 1.89 mpy) in 3.5% NaCl solution 

than chemically obtained zinc phosphate coatings (~ 3.68 mpy) which is well supported by EIS 

studies. This paper proposes a novel approach for the surface modification of low carbon steel 

for corrosion protection. The corrosion rate of electrodeposited phosphate coated samples is 

found to be 8 times lower than that of bare low carbon steel (~ 16 mpy). The presence of nano 

ZnO in phosphate bath anticipated to offer better surface coverage and reduction in porosity 

and forms more uniform, stable and thick phosphate coatings which is well agreed with the 

SEM studies. 

 

S7-8 

Towards controlling stability and structure in sputtered metallic glass thin 

films 
Sachin V. Muley1, Debaditya Chatterjee1, Felix P. Lu2,3 and Paul M. Voyles1 
1Department of Materials Science and Engg., University of Wisconsin-Madison, Madison WI, 

United States 
2Grainger Institute of Engg., University of Wisconsin-Madison, Madison WI, United States 
3Institute of Molecular Engineering, University of Chicago, Chicago IL, United States 

E-mail: muley@wisc.edu 

 

Glasses with varying thermodynamic and kinetic stabilities can be produced by physical vapor 

deposition (PVD). We studied the structure and properties of Zr65Cu27.5Al7.5 thin films 

synthesized by single target DC magnetron sputtering as a function of deposition parameters. 

We found a pseudo-phase boundary between amorphous and crystalline states as a function of 

substrate temperature and deposition rate. Further, we developed a semi-quantitative model 

that presents a criterion for crystallinity based on an atom hopping distance and more 

importantly, offers physical insight into the deposition processes controlling glass formation. 

These results suggest that the key to enhancing properties and stability in PVD metallic glasses 

lies in the optimization of both deposition rate, which governs surface residence time, and 

substrate temperature, which influences surface diffusivity. Optimizing over deposition rate 

and substrate temperature caused the films’ reduced elastic modulus (Er) and reduced hardness 
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(Hr) values as measured by nanoindentation to increase by 33% and 5% respectively as 

compared to liquid-quenched ribbons with the same nominal composition, consistent with 

increased density and improved stability. Fluctuation electron microscopy (FEM) experiments 

show that the glasses with improved mechanical properties have increased icosahedral medium 

range structural order, suggesting structure-property-stability correlations. 
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Tribological properties of the diamond films are sensitive to the chemically inert and reactive 

gaseous tribo-atmospheric media and therefore, it is quite challenging task to understand the 

underlying tribo-mechanisms. The ultrananocrystalline diamond (UNCD) thin films were 

deposited on mirror polished silicon (100) substrates using microwave plasma enhanced 

chemical vapor deposition system employing CH4 (4%)/Ar plasma media. These films exhibit 

smooth surface with microstructure constituted of ultranano diamond grains of size ~5 nm 

surrounded by graphitic/amorphous grain boundary. The UNCD film surface was modified 

employing low energy (1 keV) Ar+-ion sputtering process under ultrahigh vacuum condition 

of ~10−10 mbar by which oxygen/oxy-functional additives and weakly bonded amorphous 

carbon species were desorbed. The tribological properties of these surface modified UNCD 

films were investigated in four distinct tribo-environmental conditions of ambient humid-

atmosphere, nitrogen (N2), argon (Ar) and methane (CH4) gases and these properties were 

found to be largely improved after Ar+-ion sputtering process. The friction and wear properties 

are also dependent on the tribo-test environments. Friction was high in ambient atmospheric 

condition which is mainly associated with the oxidation of the sliding interface. However, low 

friction in N2 tribo-atmosphere is evident of adsorption of dissociated N2 gas molecules and 

thus, forming repulsive electrostatic interaction across the sliding interface. Moreover, low 

friction in chemically inert Ar-atmosphere is described by the adsorption of non-reactive Ar 

gaseous species which tend to avoid the covalent carbon bond formation across the sliding 

interface. Furthermore, friction value in chemically reactive CH4 tribo-atmosphere was 

observed to be lowest due to hydrogen-terminated carbon bond formation across the sliding 

interface. These tribo-mechanisms were comprehensively investigated using XPS and EDX 

techniques. 
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Two-dimensional (2D) tungsten disulfide (WS2) is known for its unique properties and a wide 

range of potential applications based on these properties. As for example, it is the best known 

solid lubricant and also acts as an excellent catalyst for photo-electrochemical hydrogen 

evolution reaction (HER) as well as for hydrodesulfurization reactions (HDR) in petrochemical 

refinement process. It has also shown tremendous promise as an electrode material for Li-ion 

batteries and supercapacitor cells. In the present work, 2D-WS2 was synthesized in bulk 

quantity using an innovative technology and was blended with Al and Al-4.5wt.%Cu alloy 

powder. The powder blends were compacted and sintered at about 550℃ under nitrogen flow. 

The as-sintered samples were evaluated for thermal stability and oxidation resistance of 2D-

WS2 in the composite in addition to the tribo-mechanical properties viz. hardness, indentation 

toughness and coefficient-of-friction (CoF). It was observed that the hardness of the composite 

increases to ~90 VHN for about 4wt.% of 2D-WS2 addition. However, lowest CoF values (0.1 

or below) are observed only for a higher fraction of WS2 addition typically above 10wt.%. 

Oxidation studies showed that 2D-WS2 in sintered composites were resistant to oxidation in 

air even up to 450℃ whereas the free standing 2D-WS2 powder was completely oxidized under 

identical condition.  The observed results were correlated to the microstructural studies using 

electron microscopy. The Al/Al-alloy and 2D-WS2 interface characteristics were also 

investigated using high-intensity micro-area x-ray diffraction (HIMAX) for a better 

understanding of the material behavior. The observed performance evaluation exhibits its 

potential as an excellent self-lubricating composite apart from other applications. 
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Atmospheric plasma spray (APS) of mechanically alloyed nanocrystalline equiatomic 

AlCoCrFeNi high entropy alloy (HEA) results in a complex alloy-oxide coating. All the 

constituent phases have been identified via extensive microscopy and spectroscopy at various 

length scales. This along with the in-flight particle size and temperature measurements and 

single-pass studies have been used to decode the particle-plasma-atmosphere interaction that 

resulted in the observed coating microstructure. Particles finer than 5 µm diameter are expected 

to melt, spheroidize and oxidize completely in-flight when closer to the plasma plume core, 

whereas those larger than 15 µm only exhibit softening and surface oxidation. Molten particles 

splat on impact resulting in typical lamellar microstructure, while the unmelted particles either 
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get embedded in the coating or bounce off the substrate. Equiatomic AlCoCrFeNi powder 

behaves differently in plasma in air than in the cast, isothermal oxidation, resulting in multiple 

oxides - alumina, chromia, spinels and residual unoxidized alloy cores.  Understanding these 

phenomena in conjunction with each other enables us to tailor feedstock and spray parameters 

to get the desired coating properties. 
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ARC is one of the important layers in a solar cell that contributes to an increase in its efficiency 

through reduced reflectance from the cell’s front surface. Its significance is magnified in a solar 

cell structure that has all its contacts at the back providing a larger area to the photon receiving 

front surface. The last decade saw an extensive increase in research related to hydrogenated 

amorphous silicon nitride (a-SiN:H ) not only as an ARC but also as a passivating agent owing 

to its easily controllable physical properties and hydrogen content. Apart from providing an 

improved optical transmission and reduced recombination, this layer also serves as a barrier 

between the cell and moisture. A high and tuneable refractive index (RI~1.8-2.5) make it a 

suitable candidate to be used as an ARC. The attributes of this layer with respect to its structure 

as well as opto-electronic properties can be tuned by monitoring parameters of the deposition 

process which include the gas flow rate ratio, deposition pressure, temperature and duration. 

Here, HWCV Deposition of a-SiN:H films was carried out and the film thickness, 

transmittance, reflectance and the refractive index was evaluated to obtain the best films as 

ARCs. a-SiN:H thin films were deposited at different gas phase ratios using silane, ammonia 

and nitrogen precursor gases. IR spectra of the films showed the bands corresponding to N-H, 

Si-H and SiN stretching modes. Films with varying refractive index (1.5 – 3.0) were deposited 

by changing the gas flow ratio.  To verify the anti-reflecting property, the reflectance 

measurement of the films deposited on polished and textured c-Si wafers was performed using 

UV-VIS spectrophotometer with integrated sphere.  Reflectance value as low as 5% was 

observed for the textured Si with a 100nm a-SiN:H deposited on it. Deposition of a-SiN:H has 

also been done on a-Si:H to study its effect in passivation quality of a-Si:H for it to be used in 

silicon heterojunction solar cell. 
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High-entropy alloys (HEA) are a novel class of materials that have received tremendous 

interest in the recent years. In the present work, CrCoFeNiMn HEA was synthesized by 

adapting individual elements in equiatomic proportion using mechanical alloying (MA). 

Sintering of the milled powder was done using spark plasma sintering (SPS) at 950℃ and 

1000℃. The same alloy was also developed using arc melting procedure. The samples were 

then characterized using X-ray diffraction (XRD) and several electron microscopic techniques 

to understand the evolution of structure as well as microstructure. Various mechanical 

properties of these alloys prepared by two different routes have been obtained using Vickers 

microindentation and depth-sensing nanoindentation. Phase diagram of this alloy was also 

calculated using the FactSage software. This paper would discuss the relations established 

between the microstructural features and mechanical properties of the current alloy. 
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Nano-eutectic high entropy alloys (HEAs) exhibit superior mechanical properties over the 

single-phase high entropy alloys. The optimum combination of strength and ductility are the 

key features of eutectic HEAs. Quaternary CoCrFeNi HEAs with different concentration of 

Ta/Nb were processed via arc melting. The microstructure of the CoCrFeNiNb0.5 and 

CoCrFeNiTa0.4 HEAs consists of hard Laves phase and soft FCC phase. Furthermore, of strain 

rate sensitivity and activation volume were studied under compression to understand the 

deformation mechanism. The strain rate sensitivity (m) values were evaluated to lie in the range 

of 0.006-0.008. Whereas, the estimated activation volume (V*) has been calculated to be in the 

range of 8.2𝑏3-8.9𝑏3 for Laves phase(s) and 30𝑏3-33𝑏3 for FCC phase. The deformed 

microstructure of these nano-eutectic HEAs were thoroughly studied using scanning electron 

microscopy (SEM) and transmission electron microscopy (TEM) to reveal the dislocation slip 

and the slip transfer with across the interface of the nano-lamellar phases. The deformation 

mechanisms were explored in terms of rate sensitivity and dislocation slip. 
 



 

199 
 

S8-3 

Low cycle fatigue behaviour of single phase CoCuFeMnNi high entropy alloy 
F. B. Singh, K. Biswas and N. P. Gurao 

Dept. of Materials Science and Engg., Indian Institute of Tech. Kanpur, India 

E-mail: fateh@iitk.ac.in 

 

Recently developed High Entropy Alloys (HEAs) are multi-principal element, multi-

component alloys containing five or more different elements in equal or near equal proportions. 

Mechanical behaviour of single phase HEAs comprising of uniaxial tensile and compression 

tests at different strain rate and temperature, fracture toughness and preliminary fatigue and 

creep tests has been established. However, a detailed low cycle fatigue behaviour of high 

entropy alloys is in its infancy. In the present investigation, low cycle fatigue behaviour of 

newly developed face centred cubic CoCuFeMnNi high entropy alloy with copper rich nano 

clusters has been studied.  Strain controlled low cycle fatigue tests were carried on flat 

specimen of cast, homogenized, cold rolled and annealed CoCuFeMnNi HEA for strain 

amplitude in the range of 0.5% to 1.5% strain till failure. The deformed samples were subjected 

to fractography using SEM while EBSD was employed to study the micro-mechanisms of 

deformation near the fracture tip. A few select samples were subjected to TEM and electron 

channeling contrast imaging to study the defect structure due to low cycle fatigue. The role of 

planar partial slip in determining the deformation behaviour and its contribution to final 

intergranular fracture will be discussed. 
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As a relatively new class of materials, high entropy alloys (HEAs) have fascinated many 

researchers towards themselves. A typical equiatomic CoCrFeMnNi alloy possesses single 

phase and good ductility but is low in strength. The present work predominantly focuses on the 

alloying effect of Al addition in equiatomic CoCrFeMnNi in terms of microstructural evolution 

and mechanical properties. A number of alloys (CoCrFeMnNi)100-xAlx with varying Al content 

(where x varies from 0 to 10 at.%) have been synthesized by vacuum arc melting technique in 

the presence of high-purity argon atmosphere. Phase evolution has been identified by X-ray 

diffraction, scanning electron microscopy and transmission electron microscopy. It is observed 

from results that the existing single phase fcc crystalline structure transforms into duplex fcc 

and bcc phase as well as precipitation of B2, Al(Ni, Cr) for Al content ≥ 7at. %. The change in 

microstructures causes an increase in hardness from 1.3 to 2.2 GPa while yield strength and 

tensile increase from 246MPa and 528Mpa to 321MPa and 718 MPa for alloy composition 

(CoCrFeMnNi)98Al2 and (CoCrFeMnNi)95Al5 (at.%) respectively which is mainly attributed to 

solid solution hardening and precipitation hardening. The tensile strength increases at the 

expense of ductility as Al content increases. Improvement in yield strength is observed as Al 

content increases because the lattice has been distorted as Al atom is larger in size. A detailed 

thermodynamical analysis has been done using HEA3 Thermocal database for a better 

understanding and explanation of present results. 
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High Entropy Alloys (HEAs), exploring the centre of the multicomponent phase field, have 

bought considerable research interest over the years due to their exciting properties. 

Mechanical alloying (MA) followed by consolidation via various sintering techniques was 

observed to be an effective method to synthesize these alloys in a nanocrystalline state. Among 

the HEAs, the most studied system is Al-Co-Cr-Fe-Ni due to their high temperature softening 

resistance, corrosion, erosion, wear and oxidation resistance. Though there are a number of 

reports in this system via melting and casting route, there is little knowledge on their 

mechanical behavior when they are synthesized via powder metallurgy route. This work 

focuses on the synthesis of dual phase Al0.7CoCrFeNi HEA with FCC and BCC phase via MA 

followed by consolidation by spark plasma sintering (SPS). X-ray diffraction (XRD) was 

employed to understand the phase evolution during MA and SPS. After SPS, apart from the 

FCC and BCC phases, secondary chromium carbide phase was also observed. The carbide 

formation is associated with the process control agent (toluene) used during milling. Scanning 

electron microscopy (SEM) along with elemental mapping was employed to confirm the phase 

distribution within the alloy. Transmission electron microscopy (TEM) was used to confirm 

the nanocrystallinity of the phases in the alloy. The MA-SPS alloy was subjected to hot 

deformation to a strain of 0.5 in the temperature and strain rate ranges of 800-1100°C and 0.01-

10s-1, respectively. At temperatures of 900℃–1100℃ for strain rates of 0.01s-1 to 1s-1, the alloy 

was found to exhibit steady state deformation behavior implying an equilibrium between work 

hardening and softening. At 10s-1 for all the temperatures the alloy failed to withstand the 

strain of 0.5. Dynamic materials model was implemented to understand the hot deformation 

behavior and to develop processing map for the alloy. The processing map was further 

validated via SEM. 
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The present investigation is aimed at understanding the microstructural development and hot 

deformation behaviour of Co-Fe-Mn-Ni-Ti eutectic high entropy alloys (EHEA), processed by 

vacuum arc melting cum suction casting technique under high purity Ar atmosphere. The 

structural and microstructural characterizations have been carried out using XRD and electron 

microscopy (SEM and TEM coupled with EDS). It is important to note that Co-Fe-Mn-Ni-Ti 

EHEA shows eutectics between BCC (𝛽) and FCC (𝜶) phases. Thermo-mechanical processing 

of the studied HEAs has been done on suction cast cylindrical specimens. The hot deformation 

behaviours have been carried out at the temperature ranging from 800-1100℃ and different 



 

201 
 

strain rates. Finite element simulation has also been used to study the strain distribution and 

material flow during hot deformation of single phase and eutectic HEAs, which helps to predict 

the actual material flow in the forging process. 
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Mechanical behaviour of newly developed face centre cubic CoCuFeMnNi high entropy alloy 

(HEA) with copper rich nano clusters has been studied in tension, shear and plane strain 

deformation to establish the operative micro-mechanisms of deformation at room temperature. 

It is well agreed that conventional octahedral slip and planar partial slip is operative in this 

alloy and that the interaction of dislocations with copper rich nano clusters plays an important 

role in deformation behaviour of this alloy for different deformation modes. However, the 

effect of strain rate on the operative micro-mechanisms of deformation is not well studied in 

this alloy. In the present investigation, compression tests were performed over six order of 

magnitude of strain rate ranging from 0.001 s-1 to >1000 s-1 to estimate the rate sensitive nature 

of deformation in the HEA. Compression Split Hopkinson pressure bar technique was 

employed for carrying out high strain rate tests while conventional screw driven equipment 

was used for low strain rate tests. Initial characterization of the deformed samples indicated 

that slip was the dominant mechanism even at high strain rate, but the high strain rate sample 

showed higher dislocation density and intragranular misorientation, weaker characteristic 

<101> compression direction texture along with high strength compared to low strain rate 

deformed sample at a fixed strain. The utility of existing constitutive models for FCC materials 

for explaining the deformation behaviour of the FCC high entropy alloy will be discussed. 
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In the present work, the composition space of FeNiMnCuAlTi system was explored with 

equiatomic composition as a base and moving towards the single element rich side with all the 

other elements in equal proportion. These compositions were synthesized by arc melting route. 

The phases were identified by X-ray diffraction (XRD) technique by using Cu-Kα radiation. 

The base composition consists of high-volume fraction of BCC, interdendritic Laves phase 

(AB2 structure) and a small fraction of FCC phase. With increase in the Fe content the phase 

fraction gradually changed to almost complete BCC with Cu-rich FCC segregation at the grain 

boundaries. Whereas, with increase in the Ni content, FCC being stabilized along with the 

formation fine and coarse L12 precipitates. Mn and Cu rich compositions stabilized primarily 

FCC phase and a small fraction of Laves Phase. Al rich compositions showed the formation of 

intermetallics and Laves phases. Increase in Ti initially increased the volume fraction of laves 

phase, but later stabilized BCC and HCP phases with a minor fraction of laves phases. Detailed 

phase and their composition analysis was performed using Scanning Electron Microscope and 
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Energy Dispersive X-ray Spectroscopy which support the phases observed by the XRD 

analysis. To understand the mechanical properties of these alloys, compression testing was 

carried out at room temperature at a strain rate of 10-3 s-1. Due to the presence of the high-

volume fraction of intermetallics and laves phases, Al and Ti-rich compositions exhibited 

highly brittle in nature. Whereas, the compositions of base, Fe50, Fe70, Ni50, Ni70, Mn50, Mn70, 

Cu50 and Cu70 showed compressive yield strengths of 1530, 1525, 2046, 1327, 683, 1024, 948, 

560 and 368 MPa and plasticity of 13, 27, 10, 39, 52, 8, 12, 21 and 20 % respectively. The 

good combination of strength and plasticity is observed to be due to the presence of FCC/BCC 

phase with fine distribution of intermetallic/laves phases. 
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Precipitation-hardening is an effective method to improve the tensile strength of fcc-based 

high-entropy alloys (HEAs) without losing ductility. In this presentation, we firstly focus on 

how to obtain the exclusive nanoprecipitates and the enhancement of coherent L12 precipitates 

on the tensile property of a Al0.2CrFeCoNi2Cu0.2 high-entropy alloy by different heat 

treatments. To achieve the high-density nanoprecipitates of L12 phase in the fcc matrix, the 

composition of the alloy was slightly adjusted to be (FeCoCr)40Ni40Al10Cu10, based on the 

above results. The precise underlying deformation mechanisms of the HEAs containing L12 

nano-precipitates at low and room temperature were discussed. Transmission electron 

microscopy revealed that the superior properties at low temperature were attribute to the 

existence of high-density coherent nano-precipitates, the formation of immobile Lomer-

Cottrell dislocation locks and the occurrence of the deformation nanotwins. Our study is 

beneficial for a better understanding on the effect of the precipitates of high-entropy alloys and 

paves a way for further research. 
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There are well established high temperature alloys, like stainless steels, available to use at 

temperatures up to 650℃ and also for the temperatures above 800℃ such as super alloys which 

are economical to use at temperatures from 800 to 1100℃. However, not many materials 

available in the temperature range from 600 to 800℃. In recent years, there is a growing 

interest in high entropy alloys because of their superior properties not only at room temperature 

but also both at cryogenic and high temperatures. Recent studies on AlCoCrFeNiMo0.5 HEA 

suggesting to be a suitable candidate to fill the above mentioned temperature gap. The present 

study reports the effect of annealing temperature on the microstructure and mechanical 

properties of the Al0.2CoCrFeNiMo0.5 high entropy alloy (HEA). Vacuum induction melting 
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was used to produce Al0.2CoCrFeNiMo0.5 alloy ingots which are further hot forged and hot 

rolled to break the as-cast structure. The microstructure of the hot rolled samples studied using 

XRD and SEM, suggesting the presence of FCC and σ phases. Hot rolled samples were 

homogenized at 1200℃ for 6 hr. followed by cold rolling and aging for 1 hr. at three different 

temperatures: 800, 900 and 1000℃. Maximum hardness of 500 ±15 HV was observed at 800℃ 

for 1 hr. SEM studies showed that coarsening of the precipitates may be the reason for 

decreasing hardness after aging at temperatures 900 and 1000℃. 
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Lightweight alloys are becoming more and more important. Based on the 5083 aluminum alloy, 

the effects of Zn and Cu additions on the microstructures, properties, and serration behavior of 

the alloy were investigated. The results show that with the increase of Zn content, the tensile 

strength and yield strength of the alloy increase, while the elongation decreases, and the 

serration amplitude of the alloy keeps decreasing. Moreover, different amounts of Cu were 

added to the high Zn content Al-Mg-6 wt.%Zn alloy, and the strength and plasticity of the alloy 

were improved first. When the Cu content was 9 wt%, the elongation of the alloy was about 

3%, and the serration behavior of the alloy gradually disappeared. The optimum mechanical 

properties were achieved at a composition of Al-4wt.%Mg-6 wt%Zn-6 wt%Cu. The serration 

behavior were believed to be related to the interaction between the moving dislocations and the 

precipitates. 
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Refractory high entropy alloys (RHEAs) are being envisaged as an alternative candidate 

structural material for high temperature applications. For example, gas turbine efficiency in an 

aero engine or in an advanced ultra-supercritical (AUSC) power plant can be improved by 

increasing the corresponding engine operating temperatures. Engine component material are 

traditionally being built using Ni-based super alloys. However, the melting point of Ni-based 

super alloys poses a limitation w.r.t the current operating temperatures of the gas turbine 

engine. Therefore high-entropy alloys made up of various refractory elements could probably 

push the operating temperatures of the turbine engines. With the above viewpoint, we have 

prepared equiatomic AlCrFeMoNbNi high-entropy alloy, with individual elemental purity of 

greater than 99.98%, using vacuum arc melting (VAM) process. X- ray diffraction (XRD) 
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reveals presence of multiple phases in the cast sample. Scanning electron microscope equipped 

with energy dispersive spectroscopy (EDX) has been utilized to understand the prominent 

dendritic and interdendritic microstructural regions and the resultant elemental distribution. 

Homogenization treatments were conducted on the as cast alloy in the temperature range of 

1150℃ to 1300℃ with different holding times. Structural, morphological and compositional 

characterizations were carried out on the homogenized sample as well. Vickers 

microindentation and nanoindentation measurements were performed to understand the 

mechanical properties. Thermodynamics of this alloy system were also assessed using the 

FactSage software. Thus, derived structure-property correlations will be discussed in this 

paper. 
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Conventional alloys are based on the concept of one or two major alloying elements. Other 

alloying elements are added in order to modify the microstructure and properties of the alloy. 

High entropy alloys (HEA) are a new class of alloys those contains at least five principal 

elements with concentrations varying in the range of 5-35 at%. The concept of high 

configurationally entropy of these alloys led them to form the simple solid solutions of FCC/ 

BCC structure rather than complex intermetallic phases. Many of the reported high entropy 

alloys are composed of elements which form substitutional solid solutions. There are limited 

no of HEAs are formed with interstitial elements. The aim of the present work is to synthesize 

the non equiatomic composition of FeMnNiAlSiC and FeMnNiCrAlSiC high entropy alloy by 

mechanical alloying. The systematic alloying behaviour of the elements was followed by X-

ray diffraction. A single-phase body-centre cubic (BCC) structure was observed after 40 hours 

of milling. The variation of the crystallite size and lattice strain was calculated. The milled 

alloy powder shows excellent chemical homogeneity and refined morphology with mean 

particle size varying in the range of 4-6 μm. The 40 h milled powder was consolidated through 

spark plasma sintering (SPS). The SPS was carried out at 50 MPa pressure, heating rate of 

100˚C/min at 1000℃ for 10 min holding time. The relative density of the SPSed samples were 

found highly satisfactory. 
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 In order to explore the potential of High Entropy oxides (HEO) for hydrogen storage and battery 

applications CrFeMnNiAl HEO is prepared. The synthesis technique used was a simple bottom up 

technique using sol-gel auto combustion method. It is observed that the metal precursors initially form 

high entropy alloy oxides which can then be reduced under hydrogen gas to form high entropy alloy 

(HEA). In short, the synthesis process is predominantly governed by the above-mentioned processes, 

the chelation between citric acid and the metal ions and the insitu chemical reactions. The resulting 

HEO consists of a single phase which is confirmed by X-Ray diffractogram measurements. HEA’s are 

interesting candidates for hydrogen storage mainly because of the presence of a characteristic lattice 

strain which is favourable for hydride formation. Thus, the hydrogen adsorption capacity of the prepared 

HEA is examined using an indigenously built high pressure Sievert’s apparatus. This process is carried 

out in high vacuum while maintaining stringent temperature and pressure conditions. The prepared HEA 

is also put to use as electrode material in an Iron-air battery. Iron-air battery is an alternative cost-

effective battery technology compared to Li air battery with high energy density. The utilisation of a 

cheap source of iron as the anode and HEO as the cathode result in a specific capacity of 2000 mAh g-

1 at a current density of 100 mA g-1 with a cyclic stability of 50 cycles. 
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Over the last decade, research on design and development of high entropy alloys have gained 

attention mainly incentivized by the superior properties in combination with the hitherto 

unexplored areas of microstructural evolution in multicomponent alloys. This field offers new 

challenges as it deals with higher dimensional composition space. Our limited ability to 

conceive only upto three dimensions makes it difficult to understand phase formation, 

microstructural evolution in such alloys. Results from the papers suggest that single phase 

concentrated solid solution gives good mechanical and functional properties. However, two or 

more phase HEAs have also been discovered. We have chosen to work on intermetallics based 

HEA. Semi-Heusler alloy (NiMnSb) is an intermetallic phase which has a Pearson symbol 

cF12. It is chosen as the base alloy. Addition of vanadium and copper to the base alloy at the 

equiatomic percent is Heusler based high-entropy alloy (NiMnSbVCu). The alloy has been 

melted in a vacuum induction furnace in Argon atmosphere at 1mbar pressure. Microstructural 

investigations on addition of vanadium and copper to the base alloy is studied and it has been 

found that the addition of vanadium to NiMnSb gives two phase microstructure 

(SbV3+NiMnSb), where, SbV3 is an intermetallic compound which has a Pearson symbol cP8, 

addition of copper to NiMnSbV gives three phase microstructure (copper precipitation+ SbV3 

+ NiMnSb). The microstructural evolution was characterised by X-Ray diffraction 

(CuKα=1.54 Å) and SEM (Operating at 30 kV). Our aim is to study the orientation relationship 

between the phases, defects in the intermetallics and to comment on the phase stability of the 

alloy. It is intended to produce single phase high entropy alloy by suitably altering the 

composition. 
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Increased demands of fossil fuels have led researchers to look for alternative resources for 

power generation. Waste heat resources offer a vast ocean of opportunity by way of 

thermoelectric materials in this context. They convert waste heat into useful electricity 

operating at various temperatures. The efficacy of a thermoelectric material is characterized by 

its dimensionless figure of merit, ZT = (S2), where S is the Seebeck coefficient, 

 and  are the electrical and thermal conductivities respectively and T is the absolute 
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temperature in Kelvin. High values of ZT have been exhibited by Bi2Te3 based materials in the 

room temperature region, PbTe based and skutterudites in the middle temperature region and 

SiGe based systems in the high temperature region. Heusler materials fall in the category of 

high ZT materials in the mid to high temperature region i.e. 500 ˚C – 800 ºC. Half-Heusler 

alloys are ternary intermetallic compounds that adopt the MgAgAs crystal structure. They 

consist of four interpenetrating fcc sub-lattices with one of them being empty. Heusler 

compounds with VEC=18 are semiconducting and compounds such as TiNiSn (n-type) and 

TiCoSb (p-type) are well known thermoelectric materials.  

In the present work, a new half-Heusler type high entropy alloy, Ti2NiCoSnSb has been 

synthesised by vacuum arc melting method. APT studies confirmed the single phase solid 

solution in the cast alloy. The alloy was subjected to ball milling for different durations to 

obtain microcrystalline and nanocrystalline alloys. The nanocrystalline alloy exhibited a 

simultaneous increase in S and  The alloy exhibited a ZT of 0.144 at 860 K. 
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Perovskites are a class of oxide ceramics which find a lot of applications because of their 

excellent dielectric, ferroelectric and piezoelectric properties as well as in catalysis, solar cells, 

electronic conduction, proton conduction etc. They have a chemical formula, ABO3 where the 

A-site cations have a+2 oxidation state and the B-site cations have a+4 oxidation state. Barium 

titanate, strontium titanate, lead titanate, lead zirconate, and calcium titanate are some well-

known perovskites. Many types of elemental and compound doping have been done in these 

perovskites to enhance their properties. However, there is very limited work carried out in the 

field of multicomponent equimolar perovskites. In this investigation, an attempt has been made 

to synthesize multicomponent equimolar perovskites using the reverse co-precipitation (RCP) 

method. Lead, strontium and calcium were chosen as the A cation on the basis of Hume-

Rothery and Pauling’s rules. Titanium was selected as the B cation. (Pb, Sr, Ca)TiO3 was 

synthesised from nitrate precursors for Pb, Sr and Ca and an organometallic precursor for Ti. 

X-ray diffraction (XRD) confirmed that the powders were purely in the perovskite phase with 

a crystallite size of 42 nm. The elemental percentage, determined using energy dispersive 

spectroscopy (EDS), confirmed near equimolarity. The particle size and morphology was 

determined using a scanning electron microscope (SEM). The particles were irregular in shape 

with an average particle size of 150 nm. Dielectric studies were carried out using dielectric 

relaxation spectroscopy (DRS). The measurements were carried out from -100℃ to 300℃ in 

frequency range 1Hz to 10 MHz. the dielectric constant at 20℃ was 380 and 77000 at 300℃ 

with two relaxation peaks, one at lower frequency and other at higher frequency. The lower 

frequency peak was due to polaronic relaxation and higher frequency peak was due to dipolar 

relaxation. 
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With the rapidly growing technological advances, there has been a forage for the development 

of novel materials with enhanced properties in various fields. Many ternary and quaternary 

oxides have been developed based on multiple components to develop new materials with 

improved properties and performance than the conventional oxides used. Recently, a new class 

of material known as multicomponent equimolar ceramic, popularly known as “high entropy 

ceramics”. A few of these can be entropy stabilized. These oxide ceramics are developed using 

multiple cations in equiatomic amounts which forms single phase solid solution making it one 

of the most advanced materials in the field of material science, with potentially attractive 

properties. The formation of single phase depends on various factors such as enthalpy of mixing 

(∆Hmix), entropy of mixing (∆Smix), thermal treatment, presence of constituent elements, 

synthesis route etc. In the present study, multicomponent equimolar oxides containing 5 to 9 

metal elements in equiatomic amounts were successfully synthesised by solution combustion 

synthesis (SCS). Both 8 (Co, Cu, Cr, Fe, Mg, Mn, Ti, Zn)-O and 9 (Co, Cu, Cr, Fe, Mg, Mn, 

NI, Ti, Zn)-O component systems were stabilized into spinel structure (Fm3 ̅m) after the heat 

treatment at 1000℃. The crystal structure and constituent homogeneity of the calcined and 

heat-treated powders were characterized. The phase stability upon cyclic heat treatment was 

investigated. It should be noted that the single-phase spinel structure showed significant phase 

stability during thermal cycling. This new class of multicomponent high entropy spinel solid 

solution can be fine-tuned to enhance the desired properties which can lead to its newer 

application in advanced material science. 
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The ability of five or more cation oxides to form a single-phase solid solution has been studied 

in the recent years, giving rise to new materials having single phase rocksalt, spinel or 

perovskite crystal structures. It is believed that high configurational entropy, owing to the 

presence of multiple cations, is a stabilising factor in these materials. The role of enthalpy of 

mixing is also equally important in determining the thermal stability. In the present work, 

multicomponent equimolar oxide ceramics having the cubic perovskite structure (Pm3 ̅m) have 

been synthesized using the solution combustion method. The cations were selected based on 

the Pauling’s rules and having the theoretical calculation of Goldschmidt’s tolerance factor to 

be between 0.9 to 1.02. The following 8 different compositons: (BaAlCaGdLaSrTiZr)-O, 

(BaAlCaCrLaSrZrTi)-O, (BaAlCaCrLaSrTi)-O, (BaAlCaLaSrTiZr)-O, (BaCaLaSrTiZr)-O, 

(BaCaCrLaTiSr)-O, (BaAlCaLaSrTi)-O, (BaCaCrLaSrTi)-O were selected for this study. All 

the as synthesized samples were calcined at 1000℃ for 2 hrs and heat treated at 1400℃ for 12 

hrs. The temperature and time of heat treatment play a role in the stabilization of the 

multicomponent materials into either a single phase or it’s dissociation into two phases. 
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Structure determination from powder X-ray diffraction data was done using the Rietveld 

method. SEM was used to study the grain size and surface morphology while EDS was used to 

verify the elemental composition of the samples. Compositions (BaAlCaGdLaSrTiZr)-O and 

(BaCaCrLaSrTi)-O were found to form predominant cubic perovskite structure after 

calcination, with minor secondary phases. However, after heat treatment, all of the 

compositions except one were found to form a structure consisting of two cubic perovskite 

phases, one dominant and another secondary, differing only in lattice parameters. 

(BaAlCaLaSrTi)-O was found to form a single-phase cubic perovskite after heat treatment, 

with very few secondary peaks. 
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Multicomponent oxide systems are a new genre of material recently developed by extending 

the concept of high entropy alloys from pure metals to oxides. In this investigation, transition 

metal cations, Cu, Mg, Co, Ni and Zn were selected on the basis of Pauling rules to form a 

parent multicomponent system to which an aliovalent Na cation was systematically added and 

the influence of sodium in single-phase formation and the functional properties was studied. 

Sodium was added in increments of 4 % up to to 16 % to the parent multicomponent equimolar 

transition metal oxide (ME-TMO) system. Nanocrystalline (Co,Cu,Na,Ni,Mg,Zn)O systems 

were synthesized through the reverse co-precipitation process as well as nebulised spray 

pyrolysis. The influence of the transition metal elements in accommodating the sodium cation 

in the single-phase rocksalt lattice was also studied by extracting one transition metal ion from 

the parent composition. Further the strategy of element selection for solid solution formation 

in the rocksalt lattice was examined in this study. Maintaining electroneutrality was identified 

to be the most important in single-phase formation and the criteria of the constituent elements 

having nearby ionic radii as well as the same oxidation state were not the most essential ones. 

The entropy stabilisation of the lattice was studied by comparison of the synthesis temperature 

with the parent (Co,Cu,Ni,Mg,Zn)O system. Morphology, crystallite size, particle size 

distribution was studied by electron microscopy and X-ray diffraction (XRD). The bonds 

present and their length in the lattice were analysed Fourier transform infrared spectroscopy 

(FT-IR). Metal vacancies in the lattice and phonon life were quantified through Raman 

spectroscopy while defect density was calculated from Raman spectroscopy, XPS and XRD. 

The band gap variation in the system with the addition of sodium was studied by diffuse 

reflectance spectroscopy and compared for both the synthesis processes. 
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Corrosion behaviour of the compositionally complex binary, ternary, quaternary and quinary 

single-phase alloys namely FeMn, FeMnNi, FeMnNiCo, and FeMnNiCoCu has been studied 

in 0.1 M NaCl using potentiodynamic polarisation and microscopy. A significant increase in 

the corrosion potential occurred due to the addition of Ni to the binary FeMn system. However, 

further addition of Co and Cu did not cause significant variation in the corrosion potentials 

though the configurational entropy of the alloy is expected to rise significantly. The anodic 

Tafel slopes increased with the addition of Ni, Co and Cu such that the highest anodic Tafel 

slope was observed in the case of CoCuFeMnNi alloy. Further, the anodic polarization curve 

of the quinary Cu containing alloy showed weak passivation characteristics. Nevertheless, in 

all these cases the cathodic reactions showed diffusion limiting characteristics, so it is possible 

for the cathodic kinetics to be rate controlling such that the alloy dissolution rate may become 

independent of the nature of the alloy at the corrosion potential. 
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C14 Laves phase type hydride forming high entropy alloys 
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High-entropy alloys (HEA) are a new class of multi-component alloys composed of at least 

five principal elements, each of which has an atomic concentration between 5 and 35%. 

Normally, it has been reported that the Laves phases coexist with other phases in high-entropy 

alloys. There are no such reports on the formation of a single-phase high-entropy intermetallic 

phases of Laves type. The Metal hydrides (MHx) provide promising solution hydrogen storage. 

The high entropy alloy (HEA) can absorb much higher amounts of hydrogen than its 

constituents and reach an H/M ratio of 2.5. This capacity of large hydrogen-storage in HEAs 

is due to the lattice strain that makes it favourable to absorb hydrogen in interstitial sites. This 

observation suggests that high entropy alloys have future potential for use as hydrogen storage 

materials. The equiatomic multiprincipal (20 at% each) of Ti-Zr-V-Cr-Ni high- entropy alloy 

ribbons of ~10 cm long, ~ 2 mm wide and ~30 μm thick have been synthesized by melt spinning 

techniques. These alloys have single phase hexagonal C14 Laves phase structure with lattice 

parameter was a = 5.08 Å and c =8.41 Å. The high entropy solid solution in these alloys is 

stable even after annealing at 1173 K. Three different high entropy alloys consisting of six 

elements (Ti, Zr, V, Cr, Ni, Fe) were synthesized by using the RF induction melting technique. 

All the as-cast, slow cooled and rapidly quenched alloys exhibit C14 Laves phase and it is 
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found to stable upto high temperature. A lattice contraction has been observed with the 

variation in the Fe atomic percent. The high-entropy effect promotes the formation of a single 

C14 Laves phase, and the maximum hydrogen storage capacity is strongly related to the 

hydride formation enthalpy of the alloy and hydrogen. 
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Phase stability of hcp based high entropy alloys 
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High entropy alloys (HEAs) are multicomponent systems whose high configurational entropy 

allows them to stabilise into a single phase, with a simple crystal lattice structure. A method 

for predicting the formation and stability of equiatomic quinary alloys based on atomic size 

difference, mixing enthalpy and valence electron concentration (VEC), keeping the entropy of 

the systems constant is studied by many researchers. The most significant difference among 

the solid solution-, intermetallics- and amorphous phase- forming alloys lies in atomic size 

difference and mixing enthalpy. We wish to study a system for which, the atomic size 

difference and enthalpy of mixing are favourable for formation of a single solid solution in the 

hcp structure. HfTiVYZr is a candidate system that satisfies the above criteria since it involves 

4 elements exhibiting hcp phase at low temperatures, with the exception of only vanadium. A 

first-principles approach is used for predicting the stability of the chosen system. We have 

selected a 10atom cell for the 5 elements and by permutation of atoms, we obtain a total 22680 

configurations. By eliminating the symmetry-wise equivalent structures from this list, we 

obtain 5980 symmetry-wise distinct configurations for the bcc structure, by considering 3point 

interactions and 11040 configurations for hcp structure, by considering only pair-wise 

interactions. Ground states of all the configurations of bcc and hcp structures are calculated 

and further used in the study of phase stability. 
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The Al0.3CoCrFeNi high-entropy-alloy fibers have excellent mechanical properties, which 

have tensile fracture strength as 1200 MPa and elongation as 8% at room temperature, we hope 

to improve the mechanical properties of the alloy by adding these fibers to the aluminum-based 

entropic alloys. In this study, aluminum-based alloys reinforced with the Al0.3CoCrFeNi high-

entropy-alloy fibers are prepared by squeeze infiltration technology. The microstructures and 

properties of these composites with different volume (20, 40, 60 vol.%) reinforcements are 

investigated. The relationship between interfacial behaviors, microstructures and properties of 

fibers and matrix alloys are studied, and the relationship between the serration falling behavior 

and the interface bonding during the stretching process of the alloy are also discussed. 
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High entropy oxides are a new class of materials which contain 5 or more principle elements 

(cations) in equiatomic proportions. This opens up the opportunity to explore properties of high 

entropy oxides by tailoring the individual properties of elements. Spinel ferrites are important 

magnetic materials that show great potential for many technological applications ranging from 

information storage, medical diagnostics, drug delivery etc. The present work will highlight 

structural and magnetic characterisation of spinel based high entropy oxides (SP-HEO). 

Transition metal cations, Fe, Co, Ni, Cr, Mn were selected on the basis of simple rules that 

considered their ionic radii, oxidation states, coordination number etc. In this study, the spinel 

based high entropy oxides were synthesized through nebulised spray pyrolysis (NSP). This 

synthesis technique (NSP) was chosen to synthesize nano-crystalline powders in a one-step 

process. Morphology, crystallite size, particle size distribution were studied by electron 

microscopy and X-ray diffraction. Magnetic properties were studied through SQUID 

measurements. The proposed system showed interesting magnetic properties and results of 

studies are presented and discussed.  
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The present study aims to investigate the microstructure evolution and phase formation in as-

cast multicomponent AlCrFeMnNiWx high entropy alloys (HEAs), produced by vacuum arc 

melting. The microstructure and phase analysis of HEA samples were investigated using 

optical microscope, scanning electron microscope (SEM) with the energy dispersive 

spectroscopy (EDS) and X-ray diffraction (XRD). The formation of the BCC, B2 and 

intermetallic phases were observed during the solidification. The thermodynamic modelling 

has also been performed using CALPHAD to confirm the solidification sequence during the 

casting of AlCrFeMnNiWx alloys. The increasing W content in case of present HEAs has 

shown an interesting effect on the phase and microstructure evolution. Subsequently, the 

micro-hardness test was performed to assess the mechanical properties of AlCrFeMnNiWx (X= 

0, 0.05, 0.1, 0.5) high-entropy alloys. Increasing tungsten content has improved the hardness 

of proposed HEAs. Furthermore, based on the present study materials- structure-property 

correlation has been established. 
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Face centre cubic CoCuFeMnNi high entropy alloy with copper rich nano clusters was 

developed using a combinatorial approach comprising of thermodynamic modelling using 

CALPHAD technique followed with alloy making, processing, testing and thorough 

mechanical and structural characterization to establish structure-processing-property paradigm.  

In order to understand the fundamental processes of the newly developed HEA, equimolar 

representative binary FeMn, ternary FeMnNi and quaternary FeMnNiCo subset alloys were 

also prepared and thoroughly investigated. All the alloys were subjected to conventional tensile 

test, stress relaxation test and strain rate jump test and the deformed samples were subjected to 

microstructural characterization using EBSD. The evolution of mechanical properties for the 

quinary system didn’t show a direct correspondence with the entropy of mixing. Computation 

of SFE and analysis of Kocks Mecking plots reveal that all the samples show deformation by 

slip with the quinary sample showing significant contribution from partial slip in addition to 

octahedral slip. All the alloys show similar <111> parallel to tensile axis texture and activation 

volume in the range of 100-150 b3 indicating operation of cross slip as the rate controlling 

mechanism. Detailed calculation of contribution from different strengthening mechanisms in 

the alloys indicate that unique mechanical properties of concentrated alloys including high 

entropy alloys can be explained on the basis of synergy between different strengthening 

mechanisms. 
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Over the last decade, high-entropy alloys (HEAs) have gained significant attention due to their 

promising properties with a wide range of potential applications. In contrast to conventional 

alloys, HEAs often have five or more elements in equiatomic or near-equiatomic ratios. These 

alloys are reported to have exciting properties pertaining to the high-entropy, sluggish diffusion 

and lattice distortion effects. In the present work, we have studied the phase evolution and 

thermal stability of the widely reported AlCoCrFeNi HEA on further addition of Mn and Ti. 

First, the AlCoCrFeNi HEA has been synthesized by mechanical alloying with single phase 

BCC (a2.89 0.03Å) structure. No change in structure was observed on addition of Mn and Ti 

in AlCoCrFeNi HEA separately.  It infers that both the elements i.e. Mn & Ti participated in 

increasing the entropy of the alloy and enhanced the stability of single-phase solid solution. 

Thermal stability of both the alloys has been investigated through dynamic DSC, in-situ XRD 

and thermal treatments.  It has been found that the Mn added alloy is stable up to 500℃ (773 

K). Heat treatments at higher temperature led to the formation of the FCC phase closely related 

to Ni3Al type and Mn3Co7 type intermetallic phases. On the other hand, Ti added HEA has 

been found to be stable up to a bit higher temperature i. e. 600℃ (873K).  Consolidated samples 

at 1000℃ (1273 K) showed the transformation of the BCC phase into the B2 type ordered 
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phase. In both the alloys, the formation of intermetallic phases was observed at higher 

temperatures, which are stable at a higher temperature. A complete picture of the phase 

transformation behaviour of this alloy upon alloying with Mn and Ti would be discussed in the 

light of its free energy landscape. 
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