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Department of Metallurgical and Materials Engineering, IIT Madras 
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PROGRAMME SCHEDULE 
 
DAY 1 – 29th  July 2017                                                                               Venue: MSB 241 

08:00-9:00 - REGISTRATION 
09:00–09:20 - INAUGURATION 

SESSION -  I: Materials Characterization 
Date:- 29-07-2017 (Day-1)  Time: 9:20-11:00   
Chair: Prof. M. Sundararaman and Dr. N.V. Ravi Kumar 

Time Speaker Title 
09:20-09:40 Mohammed 

Rashad K 
Accuracy of quantitative phase analysis of amorphous 
content by Rietveld-RIR method 

09:40-10:00  Anirudha 
Karati 

Microstructural characterization and thermoelectric 
property studies of TiNiSn synthesized by mechanical 
alloying 

10:00-10:20  Manoj Settem Influence of amorphous carbon support on HRTEM images 
and the measured strain variation within a nanoparticle 

10:20-10:40  Subhashis 
Dixit 

TEM study on high strain rate tested Ti-6Al-4V alloy 

10:40-11:00  N. Maheswari Kinetic simulation and microstructure evolution of quench 
and partitioned (Q&P) steels 

11:00 – 11:20  - TEA BREAK 
 

SESSION - II: Materials Synthesis 
Date:-29-07-2017 (Day-1)  Time: 11:20-13:00   
Chair: Dr. Ranjit Bauri and Dr. Sreeram K. Kalpathy 

Time Speaker Title 
11:20-11:40  Venkat 

A.N.Ch 
Foam filled steel tubes processed through powder 
metallurgy route 

11:40-12:00  K. Vasantha 
Kumar 

Effect of C/Ti ratio on densification, microstructure and 
mechanical properties of TiCx prepared by reactive spark 
plasma sintering 

12:00-12:20  Sumit Ranjan 
Sahu  

Synthesis of Graphene Sheets from Single  walled  Carbon 
Nanohorns 

12:20-12:40  S. Vasu  In-situ Carbon Encapsulation of LiNi1/3Co1/3Mn1/3O2 Using 
Pillared Ethylene Glycol Trapped in the Metal Hydroxide 
Interlayers for Enhanced Cyclic Stability 

12:40-13:00  P. Amaravathy Evaluation of cytotoxicity and corrosion resistance of 
Strontium Doped Zinc Calcium Phosphate Conversion 
Coated AZ31 Magnesium Alloy for Biomedical 
Applications 

13:00 – 14:00  - LUNCH BREAK 
 

Poster Session & Metallography Contest  14:00 – 15:45                        Venue: MSB 104   
15:45 – 16:00  - TEA BREAK 
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SESSION - III: Computational Materials Science 
Date:- 29-07-2017 (Day-1)   Time: 16:00-17:40 
Chair: Dr. Satyesh Kumar Yadav 

Time Speaker Title 
16:00-16:20  Shantharama Reversal of pattern-directed liquid film dewetting through 

solutal  Marangoni  effect 
16:20-16:40  Soumya Sridar Gibbs energy descriptions for FeTiP precipitates in 

Interstitial Free High Strength (IFHS) steels 
16:40-17:00  Deepu Mathew 

John 
ICME approach for heat treatment of a DP steel gear with 
reduced distortion 

17:00-17:20  Ramakrishnan 
R 

Molecular dynamics (MD) studies to calculate 
thermophysical properties relevant to solidification 

17:20-17:40  K. 
Guruvidyathri 

Calphad and Experimental Studies on AlCoCrMnNi and 
CoCrCuMnNi High Entropy Alloys 

18:00 – 19:00 - Cultural Programme 
19:00-21:00 - DINNER  

 
DAY 2 – 30th  July  2017                                                                          Venue: MSB 241 
SESSION - IV: Energy & Structural Materials  
Date:- 30-07-2017 (Day-2)  Time: 09:00-10:40  
Chair: Prof. S. S. Bhattacharya 

Time Speaker Title 
09:00-09:20  Khadambari B Synthesis and Characterisation of Solution based processing 

technique for fabricating Kesterite Cu2-xZn1.3SnS4 thin films 
for Photovoltaic Solar Energy Applications 

09:20-09:40  Ravi Gautam  Studies of magnetic properties of Fe-P based soft magnetic 
alloy 

09:40-10:00  S. Ram Prasad Ceramic Polymer Hybrid Nanoparticles for Combinational 
therapy to Bone Cancer 

10:00-10:20  G.S. Sankar Friction welding of electron beam melted γ-TiAl alloy     
Ti-48Al-2Cr-2Nb 

10:20-10:40  V. Yogeshwar 
Chakrapani 

Novel 3D structures electrospun using a liquid vortex 
collector 

10:40 – 11:00  - TEA BREAK 
 

SESSION - V: Advanced Materials 
Date:- 30-07-2017 (Day-2)   Time: 11:00-12:40  
Chair: Prof. M. Balasubramanian 

Time Speaker Title 
11:00-11:20  Mayur Vaidya  Interdiffusion studies in CoCrFeNi and CoCrFeMnNi high 

entropy alloys 
11:20-11:40  S. Harish Development of a natural mineral based TE material for 

testing in automotive exhaust TEG system 
11:40-12:00  Nitish Kumar Effect of Metallic Cations on the Performance of Polymer 

Electrolyte Membrane in a Fuel Cell 
12:00-12:20  Ajay Kumar High temperature oxidation study of ODS SS430 metallic 

interconnect for SOFC 
12:20-12:40  M. Sankar Microstructure and Phase Formation of NbSi Based High 

Temperature Alloy with Zr and Hf addition 
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12:40 – 14:00  - LUNCH BREAK 
 

SESSION - VI: Mechanical Behavior of Materials 
Date:- 30-07-2017 (Day-2) Time: 14:00 – 15:.40  
Chair: Prof. S. Venugopal 

Time Speaker Title 
14:00-14:20  Koundinya 

NTBN 
Effect of precipitate morphology on creep resistance on 
magnesium alloys 

14:20-14:40  Lavanya 
Raman 

Hot Compression Behavior of Refractory High Entropy 
Alloy 

14:40-15:00  Lalith  Kumar 
B 

Influence of residual stresses on the fatigue behavior of 
DLC coated 7075-T6 aluminum alloy 

15:00-15:20  Aravind U Using rubber for fine blanking to improve process energy 
efficiency and cost effectiveness 

15:20-15:40 Bibhavendra 
Kumar Singh 

Correlation of FEM Analysis to Superplastic Forming of 
Titanium Alloys 

Valedictory Session: 16:00 – 16:30  
 
 

Poster Session 
POSTER SESSION - P1 – Structural Materials  
Date:- 29-07-2017 (Day-1) Time:  14:00-15:45 
Chair: Dr. Srinivasa Rao Bakshi and Dr. A. Murugaiyan 
Poster 

No. 
Author Title 

P1-1 Nandha Kumar. 
E 

Microstructural characterization of T92/Super304H dissimilar 
welds in aswelded and post-weld heat treated conditions 

P1-2 Krishna Kumar Characterization of bimetallic nano particles using electron 
microscopy 

P1-3 Jeyaraam  In-situ-EBSD study of grain growth in deformed Nickel 
P1-4 Melwin Sajan Kinetics of austenite decomposition during continuous cooling of 

hot forming steels 
P1-5 Rahul M R Microstructure evolution and growth velocity measurement of 

FeCoNiCuNb0.5  High entropy alloy at different undercooling 
conditions: experimental and simulation approach 

P1-6 Nithin B Characterization of hot deformation behaviour and 
microstructural evolution of W free cobalt based superalloy using 
processing map 

P1-7 R.Parthiban Influence of rolling temperature on the martensite formation in a 
thermo mechanically controlled processed (TMCP) quench and 
partition (Q&P) steel 

P1-8 J. Rajesh The influence of strain rate and temperature on the evolution of 
microstructure in ODS-18Cr steel 

P1-9 Mohan 
Muralikrishna  

Mechanical alloying and Spark plasma sintering of AlNi and 
AlCo ordered intermetallic compound 

P1-10 Rahul John Synthesis of Nanocrystalline  Al0.3CoCrFeNi High entropy alloy 
by mechanically activated annealing 

P1-11 Rahul Ravi Synthesis of Ag-Bi-Cu-Sb-Sn multi-component alloys by 
mechanical alloying and spark plasma sintering 
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P1-12 Karthick G Microstructural and Mechanical properties study  on Austenitic 
oxide  dispersion strengthened Steels  

P1-13 
Vijay 
Bharadwaj J 

Grain boundary engineering of Hastelloy C-276 and its effects 

   
POSTER SESSION -  P2 – Functional Materials  

Date:- 29-07-2017 (Day-1) Time:  14:00- 15:45 
Chair: Prof. V. Sampath and Dr. Somnath Bhattacharyya 
Poster 

No. 
Author Title 

P2-1 Ummen Sabu Facile development of biomorphic alumina using egg shell 
membrane as bio-template 

P2-2 Kousika 
Anbalagan 

Bond valence based molecular dynamics studies on sintering of 
barium tantalum oxynitride (BaTaO2N) 

P2-3 Raghavendra 
Kulkarni  

Microstructure and Magnetic properties of AlNiCo based non 
equiatomic High entropy alloys  

P2-4 Bobu Manuel 
Jolly 

Evolution of Morphology and Phase Crystallinity during 
Synthesis of Nanocrystalline Alumina Particles by Flame Spray 
Pyrolysis 

P2-5 N. Sasikala Effect of process parameters on the morphology and 
electrochemical property of LiNi0.8Co0.15Al0.05O2 

P2-6 Annu Sharma  Synthesis and Characterization of Nanocrystalline 
Multicomponent Equimolar (Pb, Sr, Ca) (Ti, Zr) O3Perovskites 
Prepared in a Single Step Using Nebular Spray Pyrolysis 

P2-7 Venkatesh 
Kumar Paidi 

Hydrodynamic stability of free standing thin liquid films in the 
presence of insoluble surfactants 

P2-8 U. Hariharan Stability of thin liquid films containing insoluble surface active 
particles 

P2-9 Sesha Sai 
Behara 

Thermodynamic assessment of CaO-MgO system using 
CALPHAD approach coupled with ab initio calculations 

P2-10 Bhusankar 
Talluri 

Digestively ripened stable, ultra-small (<3 nm) copper oxide 
quantum-dots: synthesis and role of hard-soft-acid-base 
interactions 

P2-11 Rahul 
Sathyanath 

Liquid film entrainment during dip coating on a porous substrate 

P2-12 Nandhini J U Exploring functional properties of multi component transition 
metal oxide system 
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Accuracy of quantitative phase analysis of amorphous content by Rietveld -
RIR method 

Mohammed Rashad K. and M. Balasubramanian 

Department of Metallurgical and Materials Engineering, IIT Madras, Chennai 600036 
Email: mohammedrashadk@gmail.com 

 
Rietveld-RIR (Reference intensity ratio) method, also called internal standard method is being 
increasingly used to quantify the amorphous phase in a sample by X-ray diffraction (XRD). 
Normal rietveld method analyses only crystalline phases in a sample and normalise it to 100 
%. In Rietveld-RIR method, amorphous phases are also quantified by the addition of a known 
quantity of highly crystalline powder into the sample before XRD analysis. The accuracy and 
repeatability of this method have been studied by using the samples of known composition. 
Rietveld analyses were done on three standard samples of alumina with 2, 5 and 10 wt. % glass 
powder and various amount of ZnO powder as an internal standard. It was observed that the 
amount of internal standard added has a strong influence on the precision and accuracy of the 
amorphous phase quantification. For determining very low amorphous content, an optimum 
amount of internal standard (50 wt.%) should be added to the mixture. When the amorphous 
content is low, a poor choice can make the determination inaccurate, while a clever choice can 
enhance the accuracy. 
 
 

Microstructural characterization and thermoelectric property studies of 
TiNiSn synthesized by mechanical alloying 

Anirudha Karati1, M. Kumarraja2, U.V. Varadaraju1, B.S. Murty3 

1Department of Chemistry, IIT Madras, Chennai 600036 
2Department of Metallurgical & Materials Engineering, MGIT Hyderabad 

 3Department of Metallurgical & Materials Engineering, IIT Madras, Chennai 600036 
Email: anikarati@gmail.com 

 
With the increasing demands in energy usage, search for newer alternative resources are on the 
surge. Thermoelectric materials, that convert waste heat into electricity is one such solution. 
These materials are characterized by their dimensionless figure of merit, ZT = (S2/)T, where 
S is the Seebeck coefficient,   and  are the electrical and thermal conductivities respectively 
and T is the absolute temperature in Kelvin. It is essential for such materials to be 
semiconducting in nature. 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 – 800ºC. Nanostructuring 
reduces band gap considerably in several materials as well as reduction in thermal conductivity 
which in turn significantly improves ZT.  
 
Half-Heuslers 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, TiNiSn was synthesised by a combination of mechanical alloying and SPS 
at 900 and 1000oC. The phase evolution was studied as a function of milling time. Additionally, 
microstructural characterization was carried out using SEM and TEM to corroborate the 
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thermoelectric properties. An increase by 70% in power factor (S2) was obtained after SPS as 
compared to that reported in literature. 
 

 
 

Figure 1: SEM image of TiNiSn SPS pellet obtained by sintering of 5h MA powder at 
1173K 

 
 

Influence of amorphous carbon support on HRTEM images and the 
measured strain variation within a nanoparticle  

Manoj Settem1, Piu Rajak1, Mahabul Islam1,2 and Somnath Bhattacharyya1 
1Department of Metallurgical and Materials Engineering 
2Department of Physics, IIT Madras, Chennai – 600 036 

 Email: somnathb@iitm.ac.in 
 
HRTEM images of nanoparticle are obtained commonly by using an amorphous carbon (aC) 
support. During the image acquisition, the incident electrons have to transmit through the 
nanoparticle first and then through the aC support. This suggests that the electrons that carry 
the structural information of the nanoparticle will be influenced by the scattering of the carbon 
atoms in the aC support. It is usually assumed that this influence is small, however, this might 
not be the case for nanoparticles which have relatively small height. Our experimental results 
show a substantial influence In order to study the influence of supporting aC film, strain 
variation within simulated Ag nanoparticle supported on amorphous carbon is measured with 
varying film thickness. Strain measurements carried out using Geometric Phase Analysis [1] 
show that the supporting aC film introduces artefact leading to more strain than what is present 
in the nanoparticle. This influence is more severe for thinner nanoparticles. Interpretation of 
strain measurements done on a nanoparticle would not be completely accurate if the influence 
of supporting aC film is not into consideration.   
 
1.  M. J. Hytch and E. Snoeck, Quantitative measurement of displacement and strain fields 

from HREM micrographs, Ultramicroscopy 74 (1998) 131-146. 
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TEM study on high strain rate tested Ti-6Al-4V alloy 
S. Dixit, N. Maheswari, S. Sankaran, S. Karthikeyan 

Dept. of Metallurgical and Materials Engineering, IIT Madras, Chennai-36 
Email: shubhashisdxt282@gmail.com 

 
A triple vacuum melted Ti-6Al-4V ingot was hot rolled and provided by GTRE. The 
microstructural characterization was done by optical microscope and SEM. The rolled sample 
was homogenized at 950°C for 4 hours followed by water quenching. Then it was annealed at 
700°C for 41/2 hours and air cooled to produce equiaxed (α+β) microstructure. Then high strain 
rate tests were performed by Split Hopkinson Pressure Bar testing machine at IISC, Bangalore. 
The strain rate was varied from 1000-4000 s-1 at room temperature. The tested samples were 
investigated using SEM and TEM at IIT Madras. An increase in flow stress was observed with 
increasing strain rate. Twined microstructure was observed in samples tested at lower tested 
strain rates and presence of more adiabatic shear bands (ASB) was observed in samples test 
that are tested at high strain rate.  
 
 
Kinetic simulation and microstructure evolution of quench and partitioned 

(Q&P) steels 
N. Maheswari1, K.C. Hari Kumar1 and S. Sankaran1 

1Department of Metallurgical and Materials Engineering, IIT Madras, Chennai- 600036  
Email: maheswarims06@gmail.com 

 
Quenching and partitioning (Q&P) is one of the most promising heat treatment processes 
proposed by Speer et al. [1] is very effective to produce martensite and high fraction of retained 
austenite microstructure in steels that could lead to high strength and ductility. The kinetic 
simulation was done on the selected Q&P steel by using the DICTRA coupled with Thermo-
Calc software using the thermodynamic database TCFE7 and a mobility database MOBFE2 
[2]. The Q&P heat treatment was done on the designed steel and the volume fraction of phases 
was calculated by Rietveld refinement method on X-ray diffraction data of as-quenched and 
Q&P steels. The effect of partitioning temperature and time on the microstructure was analyzed 
in detail by using field emission scanning electron (FESEM) and transmission electron 
microscope (TEM). 
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1. J.G. Speer, D.K. Matlock, B.C. De Cooman, J.G. Schroth, Acta Mater. 51(2003) 2611-
2622. 

2. www.thermocalc.com 
 
 

Foam filled steel tubes processed through powder metallurgy route 
Venkat A.N.Ch1,2*, D.P Mondal2, G.D Janaki Ram1, M. Mukherjee1 

1Department of Metallurgical and Materials Engineering, IIT Madras, Chennai 600036 
2Light Weight Metallic Materials Division, CSIR-Advanced Materials and Processes 

Research Institute, Bhopal 
Email: venkatchilla4u@gmail.com 

 
Aluminium closed cell foams are most useful for energy absorption in crash worthiness 
applications. Hollow Structural profile filled with such foams in-situ display superior energy 
absorption characteristics owing to good bonding between the foam and the profile. The present 
work discusses the various aspects of precursor preparation and foaming parameters for 
successful in-situ foaming of an aluminium alloy (Al-6Si-4Cu-2Mg) in a steel tube. 
 
Foamable precursors were prepared by hot compaction of elemental powders mixed with TiH2 
foaming agent. Hot compaction parameters such as temperature, pressure and dwell time were 
optimized. Precursors prepared by hot compaction at430 °C using a pressure of 400 MPa were 
found to foam satisfactorily. A pretreatment of TiH2 at 480°C for 6 hours was also found to 
help in achieving a good quality of foam. Subsequently in-situ foaming of the precursor discs 
was attempted in steel tubes at 700°C for different holding times. The tubes were sectioned 
along the direction of foam expansion and the foams were evaluated in terms of cell size, cell 
circularity and relative expansion. The quality of bonding between the foam and the tube walls 
was also assessed. 
 

 
Effect of C/Ti ratio on densification, microstructure and mechanical 

properties of TiCx prepared by reactive spark plasma sintering 
K. Vasantha kumar and Srinivasa Rao Bakshi 

Department of Metallurgical and Materials Engineering, IIT Madras, Chennai 600036 
Email: vasanthckm86@gmail.com 

 
Titanium carbide (TiC) has been widely used as reinforcement in metal matrix composites and 
is known to exist over a wide range of stoichiometry. In this study, the effect of C/Ti ratio on 
the densification kinetics, grain size, lattice parameter, hardness and elastic modulus of TiCx 
prepared by reactive spark plasma sintering (RSPS) is presented. Commercial purity titanium 
was ball milled with 5, 7.5, 10, 12.5, 15 and 17.5 wt.% carbon black powder for 5 hours and 
subjected to RSPS to prepare TiCx samples with different C/Ti ratio. Dense TiCx samples with 
x ranging from 0.34 to 0.78 could be prepared by RSPS at 1400oC. Increasing C/Ti ratio was 
found to increase the activation energy thereby reducing the rate of sintering and also resulted 
in finer grain size. The lattice parameter and the ratio of intensities of (200) to (111) peaks are 
correlated with the C/Ti ratio. The hardness and elastic modulus are shown to increase 
significantly with increase in C/Ti ratio. 
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Synthesis of Graphene Sheets from Single Walled Carbon Nanohorns 
Sumit Ranjan Sahu1,2, Vallabha Rao Rikka1,3, M. Jagannatham2, Prathap Haridoss2, 

Abhijit Chatterjee3, Raghavan Gopalan1 and Raju Prakash1 

1Centre for Automotive Energy Materials, International Advanced Research Centre for 
Powder Metallurgy and New Materials (ARCI), Chennai 600113 

2Department of Metallurgical and Materials Engineering, IIT Madras, Chennai 600036 
3Department of Chemical Engineering, IIT Bombay, Powai 400076 

Email: srsahuiitk@gmail.com 
 

Here we have synthesized graphene sheets from single walled carbon nanohorns by one-step 
reaction with hydrogen peroxide. The reaction was completed in 10 min and the obtained 
graphene sheets are in pure form, having average sheet dimensions of 3 µm. Electrical 
performance of the graphene sheets demonstrated on an inter-digitated array electrode device 
shows better electrical properties than graphene sheets prepared by wet-chemical methods. As-
synthesized graphene was used as in-situ reducing agent to prepare graphene-silver 
nanoparticle composite having uniform particle size of 6 nm. This method can easily be 
scalable to prepare graphene sheets or graphene supported metal nanoparticle composites for 
versatile applications. 

 
 

In-situ Carbon Encapsulation of LiNi1/3Co1/3Mn1/3O2 Using Pillared 
Ethylene Glycol Trapped in the Metal Hydroxide Interlayers for Enhanced 

Cyclic Stability 
S. Vasu1,2, Moodakare B Sahana2, Chandran Sudakar3, Raghavan Gopalan2 and                          

G. Sundararajan1 

1Department of Metallurgical and Materials Engineering, IIT Madras, Chennai 600036 
2Centre for Automotive Energy Materials, International Advanced Research Centre for 

Powder Metallurgy and New Materials, IITM Research Park, Kanagam, Chennai-600113 
3Multifunctional Materials Laboratory, Department of Physics, IIT Madras, Chennai 600036 

 
Lifetime of lithium ion batteries can be improved by Carbon coated of electrode materials to 
minimizing direct contact with electrolyte. However achieving uniform carbon encapsulation 
on electrochemically active layered transition metal oxides compounds, is an extremely 
challenging task because of the contrastive-ambient requirement for the formation of carbon 
coating and the oxide.  We demonstrate a novel in-situ method for uniform encapsulation of 
carbon on LiNi1/3Mn1/3Co1/3O2 (LNMCO) using ethylene glycol (EG), which is intercalated in 
metal hydroxide interlayers pillaring the structure. Heat treating EG-pillared 
Ni1/3Co1/3Mn1/3(OH)2 with lithium hydroxide under air ambient results in an uniform carbon 
coating during the growth and crystallization of LiNi1/3Mn1/3Co1/3O2 particles. The trapping of 
carbon precursors in between the collapsed hydroxide layers minimizes the reaction of carbon 
precursor with oxygen even when heat-treated in air.  This in-situ carbon encapsulation 
mechanism is revealed using a detailed analyses carried out by Raman spectroscopy, TEM, and 
thermal analysis coupled with mass spectroscopy. Superior cyclic stability of C-
LiNi1/3Mn1/3Co1/3O2 with a capacity retention of 82% (75%) after 150 (300) cycles of 
charging/discharging is demonstrated with an optimum carbon thickness in contrast to 42% 
capacity retention in uncoated samples after 100 cycles. 
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Evaluation of cytotoxicity and corrosion resistance of Strontium Doped 
Zinc Calcium Phosphate Conversion Coated AZ31 Magnesium Alloy for 

Biomedical Applications 
P. Amaravathy and T.S. Sampath Kumar 

Medical Materials Laboratory, Department of Metallurgical and Materials Engineering,  
IIT Madras, Chennai 600025 

Email: tssk@iitm.ac.in 
 
Recently magnesium alloys have attracted very much and emerged as a biodegradable material 
due to their light weight, biocompatibility, non-toxicity, closer mechanical properties to natural 
bone. Magnesium is the fourth most abundant cation present in the human body and involved 
in many enzymes related metabolic activities. The only disadvantage of magnesium alloy is 
that it is easily susceptible to corrosion. Since electrochemical potential of magnesium alloys 
is in active region in EMF series, the wear resistance is also not very high leading to the 
formation of hydrogen bubbles, increase in local pH, and loss of mechanical integrity of the 
implant with the bone. Several efforts have been devoted to control the corrosion by biomaterial 
researchers such as alloying and coating. Coating is one of the promising way to control the 
degradation rate and to improve the biological performance. 
 
Zinc calcium phosphate coating is of interest due to its bioactivity, antibacterial activity and 
corrosion resistance. Due to the eminent role of strontium in bone developments and bone 
related functions in human body, the present work deals with effect of strontium in zinc calcium 
phosphate coating on AZ31 to improve corrosion resistance and bioactivity. The surface 
coating was optimized by varying the parameters such as phosphating time, pH, Sr content and 
temperature.  
 
The coating which was deposited at 20 min deposition time and 1wt% Sr content at 50° C (pH 
2.5) covered the entire surface of the substrate. The surface of all the coated samples were 
characterized by Attenuated Total Reflectance-Fourier Transform Infra-Red Spectroscopy 
(ATR-FTIR), X-Ray Diffraction studies (XRD) and Scanning Electron Microscopy (SEM) 
with Energy Dispersive X-Ray Spectroscopy (EDX). The main diffraction peak arising from 
(0 4 0) plane confirms the formation of  strontium phosphate precipitates other than zinc 
phosphate and zinc calcium phosphate on the substrate as evident from XRD analysis. 
Wettability studies from contact angle measurements indicated that moderate wettability of Sr 
doped sample (112°) compared to AZ31 sample (89°) provided favourable environment for 
fibroblast cells by controlling the magnesium degradation. In vitro studies at different time 
intervals indicated that spherical shaped calcium phosphates with highest Ca/P ratio was found 
in Sr doped samples (Ca/P ratio -1.4) after 21 days. The degradation behavior of the alloys was 
studied by hydrogen evolution and weight loss measurements. Both the coatings have positive 
impact on corrosion resistance and the degradation rate was enormously controlled. 
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Reversal of pattern-directed liquid film dewetting through solutal 
Marangoni effect 

Shantharama, Sreeram K. Kalpathy 
Department of Metallurgical and Materials Engineering, IIT Madras, Chennai – 600036 

Email:  sreeram@iitm.ac.in 
 
Liquid film dewetting on a solid surface driven by wettability-based patterns is a promising 
approach for templating, and fabrication of meso- and nano-structures [1]. In the present work, 
we explore how such dewetting can be maneuvered by introducing insoluble surface-active 
agents on the liquid film surface. When the film is perturbed, the resulting convection of 
surfactant-like particles causes gradients in surface tension, and induces a solutal Marangoni 
flow [2]. We assume here, a solid surface consisting alternate patches of less and more wettable 
areas, on which a Newtonian liquid film is resting. The film is thin enough (~50 – 100 nm), so 
that gravitational effects may be neglected, but intermolecular effects like van der Waals forces 
are important. The stability and dewetting characteristics of the film is studied in presence of 
capillarity, van der Waals forces, wettability gradients due to patterns, and solutal Marangoni 
flows. Specifically, we explore the conditions under which pattern-directed dewetting can be 
counteracted, and a flow reversal can be induced by the solutal Marangoni effect to create new 
templated structures.  
 
Two coupled nonlinear, partial differential equations are derived which govern the spatio-
temporal evolution of film height and the concentration of surface-active particles. These 
evolution equations are numerically integrated in time using the Backward Euler method, with 
centered finite differences for spatial discretization. The presence of chemical/wettability-
based patterns on the substrate is modeled by varying the strength of van der Waals attraction 
between the solid and the liquid free surface 
 
Figure 1 depicts some key results. When surface-active particles are distributed uniformly on 
the film as in Fig. 1(a), the film tends to rupture at multiple locations on a less wettable patch 
of the solid, and bulk of the liquid spreads and collects on the outer domain or the more wettable 
regions (Fig 1(b)). When the particles are deliberately distributed at the ends of the outer 
domain as in Fig. 1(c), the film has ruptured on the more wettable patch, driving most of the 
liquid towards the less wettable zone (Fig. 1(d)). The rupture time scales and film profiles are 
also determined as a function of the pattern sizes, and the Marangoni number.  
 
In summary, it is found that film profiles can be profoundly modulated by using various types 
of statistical distributions for initial particle concentration, which helps in switching the roles 
of wettability-based patterns. The above results are especially relevant to liquid-based printing 
processes, which may be conducted in environments containing surface-active contaminants.  
 

 
Figure 1: (a) Uniform distribution of surface-active particle concentration (C) along the domain 
(x). (b) Film profile at rupture for the initial concentration profile given by (a). Here h is the 
film height. (c) Initial distribution of surface-active particle concentration: Deliberately 
distributed at the ends of the more wettable patch to mechanically kick-start Marangoni flow 



Dept. of MME, IIT Madras  IN-HOUSE SYMPOSIUM (IHS-2017) July 29-30, 2017 

14 
 

(d) Film profile at rupture for the initial concentration profile of (c). In  (a) – (d), the variables 
h, C, x are all dimensionless. The initial base film height is h(x) = 1, and “rupture” corresponds 
to a dimensionless film height less than 0.001.  
 
1. Mukherjee R and Sharma A, Soft Matter, (2015). vol. 11, pp. 8717-8740 
2. Berg J.C. “An Introduction to Interfaces and Colloids”, World Scientific Publishing Co. Pte. 

Ltd., (2010) Singapore 
 
 

Gibbs energy descriptions for FeTiP precipitates in Interstitial Free High 
Strength (IFHS) steels 

Soumya Sridar and K C Hari Kumar 
Department of Metallurgical and Materials Engineering, IIT Madras, Chennai-600 036. 

Email: soumya_sridar@yahoo.co.in 
 

IFHS steels are widely used in automotive industry because of its high strength and excellent 
formability. These steels contain Phosphorous as the main element for solid solution 
strengthening and Titanium for stabilizing the interstitial elements such as Carbon and 
Nitrogen. This leads to formation of the ternary phosphide precipitates, FeTiP with an 
orthorhombic crystal structure, in steels with high P content [1]. These precipitates form due 
to the diffusion of P into FeTi precipitates [2]. It has been reported that the presence of these 
precipitates is detrimental to the drawability of these steels and also affect the recrystallization 
texture adversely [3]. Hence, it is important to control the precipitation of FeTiP in IFHS steels. 
At present, the commercially available thermodynamic database for steels in Thermo-Calc 
(TCFE7) and Pandat (PanFe) software, do not include the thermodynamic descriptions for 
FeTiP precipitates. Hence, in this work, an attempt is made to obtain the Gibbs energy 
descriptions for these precipitates using ab initio calculations such that it can be used along 
with currently available commercial database.  
 
1. P Ghosh et al., Scripta Mater., 57 (2007) 241-244 
2. J Jia et al., J Iron Steel Res. Int., 23 (2016) 692-698 
3. R K Ray et al., Mater. Sci. Forum, 702-703 (2011) 34-40 

 
 

ICME approach for heat treatment of a DP steel gear with reduced 
distortion 

Deepu Mathew John  
Department of Metallurgical and Materials Engineering, IIT Madras, Chennai-600 036. 

Email: deepumaj@gmail.com 
 
Finite element simulation of heat treatment cycles in steel could be challenging when it 
involves phase transformation at the microscale. An ICME approach that can take into account 
the microstructure changes during the heat treatment and the corresponding changes in the 
macroscale properties could greatly help these simulations. Dual phase steel (DP steel) are 
potential alternate materials for gears with reduced distortion. Inter-critical annealing in DP 
steel involves phase transformation at the microscale and the finite element simulation of this 
heat treatment could be greatly improved by such an ICME approach. The present work focuses 
on the vertical integration aspect of the ICME approach at microscale and above. At the 
microscale, Phase field modeling implemented in the software package Micress®is used to 
simulate the microstructure evolution during inter-critical annealing. These simulations are 
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validated using thermo mechanical simulation in Gleeble 3800®. Asymptotic Homogenization 
is used to predict the effective macroscalethermoelastic properties from the simulated 
microstructure. The macroscale effective flow curves are predicted by performing Virtual 
Testing on the phase field simulated microstructure using Finite Element Method implemented 
in Abaqus® software. The predicted flow curves are validated using thermo mechanical 
simulation in Gleeble 3800®. All the predicted effective properties are then passed on to the 
macro scale FE simulation software Simufact Forming®, where the heat treatment cycle for the 
inter-critical annealing is simulated. The thermal profiles from this simulation are extracted 
and passed on to microscale to repeat the process chain and thus implementing the vertical 
integration aspect of ICME approach. 
 

 
Molecular dynamics (MD) studies to calculate thermophysical properties 

relevant to solidification 
Ramakrishnan. R1, R. Sankara subramanian2 and Gandham Phanikumar3 

1,2Defence Metallurgical Research Laboratory,Hyderabad. 1,3IIT Madras, Chennai. 
Email: rraghavan@dmrl.drdo.in 

 
Molecular dynamics, (an atomistic simulation technique) is used in calculating 
thermophysical parameters such as, density, heat of fusion, specific heat, molar volume, 
solid-liquid interface energy (SL) and diffusion coefficient of B2-NiAl, an intermetallic 
compound. An embedded atom method (EAM) potential developed by Mishin et al. is used 
in describing the interatomic interactions and LAMMPS (Large-scale Atomic/Molecular 
Massively Parallel Simulator), an open source software is used to perform all the MD 
simulations. The temperature dependent density and specific heat are calculated by 
thermostating the system at each temperature using NPT (Constant number of atoms, 
pressure and temperature) ensemble. Critical nucleation method is adopted for calculating 
SL, while the diffusion coefficients are obtained using the mean square displacements. The 
calculated values are compared with that of reported experimental results, wherever 
available. Similar studies have been extended to Ni-Al system (Ni, Al, L12-Ni3Al) also, and 
these parameters will further be used as input to phase field simulations, to study 
microstructural evolution during solidification.  
 
 

Calphad and Experimental Studies on AlCoCrMnNi and CoCrCuMnNi 
High Entropy Alloys 

K. Guruvidyathri1,2, B. S. Murty1 , J. W. Yeh2 and K. C. Hari Kumara 

aDepartment of Metallurgical and Materials Engineering, IIT Madras, Chennai 600036 
bDepartment of Materials Science and Engineering, National Tsing Hua University, Hsinchu, 

Taiwan 
Email: guruvidyathri@gmail.com 

 
High Entropy Alloys (HEAs) have opened up vast, previously unexplored, composition ranges 
and have attracted academic focus over the last decade. When it comes to alloy design, phase 
diagrams are the road maps and are barely available for HEAs. Calphad (CALculation of PHase 
Diagrams) is regarded as the most direct method for making phase diagrams. There are reports 
on rapid screening of potential HEA compositions for structural applications using Calphad 
method. The criteria used was no embrittling intermetallics formation at temperatures of 
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interest. In this filtering, there were uncertainties. Databases used in calculations, were 
regarded as the major cause for such problems.  
 
In the present study, Calphad method was applied for two HEAs, AlCoCrMnNi and 
CoCrCuMnNi. TCHEA Gibbs energy database in combination with Thermo-Calc software 
was used. In order to validate the results, the alloys were prepared through arc melting and heat 
treated at 800°C for 72 and 240 h.  XRD and SEMwere used for characterization. Calculations 
and experiments did not agree completely. σ phase was experimentally observed but its stability 
range was underestimated in calculations. Studies are underway for improving the database 
used. Since σ is one of embrittling intermetallic phases, this improvement in database will 
enable more accurate rapid screening of HEA compositions. 

 
 

Synthesis and Characterisation of Solution based processing technique for 
fabricating Kesterite Cu2-xZn1.3SnS4 thin films for Photovoltaic Solar 

Energy Applications 
Khadambari B1,, S.S. Bhattacharya1 and M.S. Ramachandra Rao2 

1Department of Metallurgical & Materials Engineering, Materials Testing Facility, Materials 
Forming Laboratory, IIT Madras, Chennai-600036 

2Department of Physics, Nano Functional Materials Technology Centre and Materials 
Science Research Centre, IIT Madras, Chennai-600036 

Email: khadam392@gmail.com 
 

Solar has become one of the fastest growing renewable energy sources. With the push towards 
sustainability it is an excellent solution to the issue of our diminishing finite resources. 
Alternative photovoltaic systems are of much importance to utilize solar energy efficiently. 
The Cu-chalcopyrite compounds CuInS2 and CuInSe2 and their alloys provide absorber 
material of high absorption coefficients of the order of 105 cm-1. Cu2ZnSnS4 (CZTS) is more 
promising material for photovoltaic applications as Zn and Sn are abundant materials of earth’s 
crust. Preparation of nano-ink facilitates the production of flexible solar cells. The device can 
be designed with n-type window layer (e.g. ZnO); an n-type thin film or quantum dot buffer 
layer (e.g. CdS) and a p-type CZTS absorber layer with Molybdenum (Mo) substrate as back 
contact. The CZTS films were synthesised by a non-vacuum solution based processing 
technique from a molecular-ink using an environmentally benign solvent dimethyl sulfoxide 
(DMSO).The deposited CZTS films optimized and characterized by XRD, UV-Visible 
spectroscopy and SEM. 
 
 

Studies of magnetic properties of Fe-P based soft magnetic alloy 
Ravi Gautam1,2, D. Prabhu2 , Raghavan Gopalan1 and G. Sundararajan1,2 

1Department of Metallurgical and Materials Engineering, IIT Madras, Chennai 6000362 
International Advanced Research Centre for Powder Metallurgy and New Materials (ARCI), 

IITM Research Park, Chennai - 600113 
E-mail: ravi01gautam@gmail.com 

 
Soft magnetic material is omnipresent in the present technology driven society. Due to growing 
demand of EV/HEV, there is an urge to develop a new soft magnetic material with high 
magnetic flux density with low core losses and high permeability. Fe-P based alloys are 
considered promising materials to replace the conventional soft magnetic material as reported 



Dept. of MME, IIT Madras  IN-HOUSE SYMPOSIUM (IHS-2017) July 29-30, 2017 

17 
 

earlier in literature [1]. This paper reports in the enhancement of the AC magnetic properties 
of Fe-P alloy by adding the Si (<1 wt.%). Fe-P based alloys were prepared by vacuum induction 
melting followed by hot forging and rolling to a final thickness of ~0.5 mm followed by a two-
step heat treatment process. Addition of Si in Fe-P alloy had the effect of lowering the 
coercivity and the core loss. Thus reveals that the new Si content Fe-P alloy has a value added 
soft magnetic behaviour. The details of these results will be discussed in the presentation.  
 
1. S. B. Chandrasekhar, D. Prabhu, M. Gopinath, V. Chandrasekaran, M. Ramakrishna, V. 

Uma and   R. Gopalan, Journal of Magnetism and Magnetic Materials 345 (2013) 239. 
 
 

Ceramic Polymer Hybrid Nanoparticles for Combinational therapy 
to Bone Cancer     

S. Ram Prasad 1,2, T.S. Sampath Kumar 2, A. Jayakrishnan1 
1Biomaterials Laboratory, Department of Biotechnology,  

2Medical Materials Laboratory, Department of Metallurgical and Materials Engineering, 
IIT Madras, Chennai 600 036 

Email: *ajk@iitm.ac.in, *tssk@iitm.ac.in 
 
Delivery of multiple drugs has gained considerable attention in recent years especially for the 
repair and regeneration of hard tissue as in the case of bone tumors. Nanotechnology based 
combination drug delivery systems to the cancer tissue offer better pharmacokinetic parameters 
including increased bioavailability to tumor site by enhanced permeation and retention effect 
(EPR) to overcome systemic toxicity and adverse effects. Various kinds of ceramic NPs were 
studied as bone graft substituents and drug delivery vehicles. Among them calcium phosphate 
ceramic (CPC) NPs were much focused due to their unique advantages such as 
biocompatibility, bioactivity, affinity to biopolymers and high osteogenic potential. CPC, 
forms the major mineral component of the bone and has been extensively used as a carrier for 
delivery of small molecules, growth factors and for tissue engineering and orthopedic 
applications. CPC-polymer-anticancer drug based composites, scaffolds, microspheres were 
widely studied for the treatment of bone cancer. Our current study focuses on developing a 
model ceramic-polymer hybrid NPs for the treatment of bone cancer. Ceramic core with 
polymer corona hybrid NPs were fabricated and evaluated for the combined delivery of anti-
cancer drug and growth factors.  

 
 

Friction welding of electron beam melted γ-TiAl alloy Ti-48Al-2Cr-2Nb 
G.S. Sankar1, G.M. Karthik1, Ashfaq Mohammad2, N.V. Ravi Kumar1,                       

G.D. Janaki Ram1 

1Department of Metallurgical and Materials Engineering, IIT Madras, Chennai – 600 036 
2Advanced Manufacturing Institute, King Saud University, Riyadh 11421, Saudi Arabia 

Email: mm14s004@smail.iitm.ac.in 
 

Electron beam melting (EBM), a commercial powder-bed additive manufacturing process, is 
emerging as a cost-effective technique for producing complex-shaped end-use parts in gamma 
titanium aluminides (-TiAl). In near future, -TiAl parts manufactured by EBM can be 
expected to find wide-spread use, especially in aeroengines. In most applications, these EBM 
parts may have to be welded to other parts that are conventionally produced. Similarly, a need 
may often arise for welding two or more of these EBM parts together. In the current work, 
rotary friction welding of electron beam melted -TiAl alloy Ti-48Al-2Cr-2Nb (at.%) was 



Dept. of MME, IIT Madras  IN-HOUSE SYMPOSIUM (IHS-2017) July 29-30, 2017 

18 
 

investigated using cylindrical bars of ~ 12 mm diameter and 70 mm height (the build direction 
was along the bar axis). The effects of pre-weld and post-weld heat treatments (1275°C/2 
hours/furnace cooling) were also examined. Detailed microstructural studies, microhardness 
tests, and room temperature tensile tests were conducted on the friction welded joints in various 
conditions. Studies show that EBM parts in alloy Ti-48Al-2Cr-2Nb can be friction welded in 
both as-fabricated and heat treated conditions without any serious cracking problems. 
However, in as-welded condition, the joints were found to fail at the weld interface at very low 
strength levels. The pre-weld heat treatment seemed to offer no particular benefit. After post-
weld heat treatment at 1275°C, however, the joints were found to fail in the base material away 
from the weld interface at impressive strength levels. The post-weld heat treated joints, all 
along, showed a very homogeneous microstructure consisting of equiaxed and lamellar 
colonies of +α2. Based on the current findings, it is appropriate to carry out friction welding 
of EBM parts in alloy Ti-48Al-2Cr-2Nb in as-fabricated condition. After welding, it is 
necessary to heat treat the joints at slightly below the α-transus temperature. Since a similar 
heat treatment is anyway needed for EBM parts in alloy Ti-48Al-2Cr-2Nb, the post-weld heat 
treatment is not any particularly taxing.   

 
 

Novel 3D structures electrospun using a liquid vortex collector 
V. Yogeshwar Chakrapani1,2, T. S. Sampath Kumar1, Deepa. K. Raj2, T. V. Kumary2 

1Medical Materials Laboratory, IIT Madras, Chennai-600 036 
2Tissue Culture Laboratory, Sree Chitra Tirunal Institute for Medical Sciences and 

Technology, Poojappura, Trivandrum - 695 012 
Email: tssk@iitm.ac.in 

 
Treatment of bone injuries prefer tissue engineering scaffolds that mimic the natural extra 
cellular matrix (ECM) in the closest possible way in order to facilitate cell growth and 
subsequent tissue formation. Specifically 3 dimensional (3D) nanofibrous architectures are 
better scaffolds when compared to two dimensional and solid-walled architecture in terms of 
providing the necessary microenvironment for successful growth and proliferation of cells and 
promoting osteoblast differentiation and biomineralization. Electrospinning offers tremendous 
potential for producing a variety of nanofibrous structures including those capable of forming 
3D architectures. The introduction of liquid bath collectors in electrospinning has resulted in 
producing morphologies such as a yarn, a spongiform fabric or a fluffy structure. Dynamic 
liquid collectors consisting of a vortex forming mechanism have also been studied for 
producing different assemblies such as twisted yarn, ring and spindle shaped structures. Also 
the electrospun structure can be collected from the liquid surface with minimal disruption of 
the nanofibres, compared to a conventional solid substrate wherein the fibre substrate 
interaction may lead to tearing of nanofibres. Addition of calcium phosphates, such as 
hydroxyapatite (HA), makes a scaffold biologically similar as it is reported to impart 
hydrophilicity and also assist the calcification process due to their inherent bioactivity. They 
also help in tailoring the degradability of the polymer scaffold. The resulting nanofibrous 
composites are reported to be appropriate for hard tissue engineering applications. 
 
In this study we have shown that the dynamic liquid bath collector can be used to form 3D 
electrospun polycaprolactone (PCL) and PCL - hydroxyapatite (HA) composite structures. The 
structure was found to have three distinct sections (base, stem and head) based on the 
mechanism of its formation and morphology. The size of the head portion was around 15mm 
and was found to vary with the process parameters. Scanning electron microscopy (SEM) 
analysis revealed that the base had random fibres while the fibres in stem and head sections 
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were aligned but perpendicular to each other. X-ray diffraction (XRD) analysis also showed an 
increase in the crystallinity index of the fibres from base to head section. Cytotoxicity and 
cytocompatibility studies using human osteosarcoma (HOS) cells showed good cell adhesion 
and proliferation indicating the suitability of the 3D structure for bone graft applications. 
 
 
Interdiffusion studies in CoCrFeNi and CoCrFeMnNi high entropy alloys 

Vaidya M and B.S. Murty 
Department of Metallurgical & Materials Engineering, IIT Madras, Chennai - 600036 

Email: mmayur007@gmail.com 
 

High entropy alloys (HEAs) are multicomponent alloys having constituent elements in 
equiatomic or near-equiatomic ratios. HEAs with FCC structure have been explored for high 
temperature applications, for which creep behavior and in turn the diffusion kinetics of these 
alloys must be understood. In the present work, diffusion kinetics in CoCrFeNi and 
CoCrFeMnNiare investigated using interdiffusion technique. Pseudo binary diffusion couples 
such as Cr25Fe25Co20Ni30–Cr25Fe25Co30Ni20 and Cr20Fe20Mn20Co15Ni25– Cr20Fe20Mn20Co25Ni15 

are designed to study interdiffusion kinetics in quaternary and quinary alloys at 1423 K. The 
value of interdiffusion coefficients is lower for all diffusion couples in CoCrFeNi than that in 
CoCrFeMnNi, which questions the presumed core effect of sluggish diffusion in HEAs. 
Darken-manning equations have been used to determine the thermodynamic factor, which 
comes out to be near unity for CoCrFeNi alloy indicating ideal solid solution. CoCrFeMnNi 
HEA exhibits much larger value of thermodynamic factor (~3.5) and hence negative deviation 
from ideal solution is indicated. 
 
The end members of diffusion couples are prepared by arc melting the constituent elements in 
required proportion, followed by homogenization at 1473 K for 50 h. X-ray diffraction and 
scanning electron microscopy (SEM) study of CoCrFeNi and CoCrFeMnNi alloys reveal a 
single phase FCC structure and uniform composition. End-members are joined by mechanical 
contact in special fixture and annealing has been carried out in vacuum sealed quartz tube at 
1423 K for 10 days. The composition profile in the diffusion zone has been obtained using 
electron probe microanalysis (EPMA) and corresponding interdiffusion coefficients are 
derived. 

 
 

Development of a natural mineral based TE material for testing in 
automotive exhaust TEG system 
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Thermoelectric (TE) power generation is one of the most sought after methods among the 
various waste heat recovery techniques. The efficiency of a thermoelectric generation (TEG) 
system involves the contribution of both material efficiency and system efficiency. Hence a 
suitable material developed, is required to be tested in a TEG system to obtain the actual 
available output. A TEG system is to be developed simulating the conditions of automotive 
exhaust system and its performance is to be validated using commercial TE modules and then 
used for testing the devices fabricated using indigenously developed materials. Tetrahedrite, a 
naturally occurring mineral is one of the prospective materials in TE material research. The 
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thermoelectric properties of synthetic tetrahedrite Cu12-xZnxSb4S13is studied in the present 
investigation. A simple scalable synthesis method which is of shorter duration compared to 
those reported in literature is followed here which gives a single phase synthetic tetrahedrite. 
The Zn-doped tetrahedrite was synthesised by ball milling of sulphides (Cu2S, ZnS& Sb2S3) 
taken in the required stoichiometric ratio. The phase evolution of the ball-milled powders, 
chemical homogeneity and thermoelectric properties of the spark plasma sintered samples is 
investigated. The mechanical properties, which are of importance from the application point of 
view and further optimization of synthesis parameters which reduces the synthesis duration is 
studied. 
 
 

Effect of Metallic Cations on the Performance of Polymer Electrolyte 
Membrane in a Fuel Cell 

Nitish Kumar 1, Raghuram Chetty2, Lakshman Neelakantan1 

1Department of Metallurgical and Materials Engineering and  
2Department of Chemical Engineering, IIT Madras, Chennai, India. 

E-mail: nitishkashu92@gmail.com 
 
Proton exchange membrane fuel cell (PEMFC) is a green energy conversion device which can 
replace IC engine in transportation application. Membrane electrode assembly (MEA) is 
considered as heart of the fuel cell which has an anode and cathode separated by a polymer 
electrolyte membrane (e.g. Nafion). MEA is supported with bipolar plates for the flow of H2 
and O2. Conventionally graphite based bipolar plates are used, however they are brittle and 
hard to manufacture, hence metallic bipolar plates (MBPs) based such as stainless steel are 
being widely studied to reduce the cell size and weight as well as to increase the mechanical 
stability of the fuel cell. On the other hand, the MBPs corrodes in acidic conditions that prevail 
in an operating fuel cell. The corrosion of MBPs results in leaching out of metallic cations such 
as Fe2+, Mn2+, Cr3+ and Ni2+. The polymer electrolyte membrane uptakes these cations which 
results in its degradation, consequently resulting in performance loss of fuel cell. 
 
The present work focus on effect of Fe2+, Ce3+ and Mn2+cations on Nafion 212 membranes 
which were subjected to a solution based accelerated degradation test using Fenton’s reagent 
with the respective cations. The degraded membranes were then evaluated against a pristine 
membrane for its physical and electrochemical properties. SEM, FT-IR, proton conductivity 
and hydrogen cross-over measurements were employed to characterise the membrane and the 
performance was also compared in a single fuel cell test. 

 
 

High temperature oxidation study of ODS SS430 metallic interconnect 
for SOFC 

Ajay Kumar, Ranjit Bauri 
Department of Metallurgical and Materials Engineering, IIT Madras, Chennai - 600036  

E-mail: rbauri@iitm.ac.in 
 
Solid oxide fuel cell (SOFC) is an electrochemical device that generates clean electricity. 
Interconnects are used to connect multiple cells to scale up the power output. Economic 
viability and ease of fabrication favor the use of metallic interconnects (Miguel-Perez et 
al., 2012). Ferritic stainless steel meets the most decisive criteria of matching coefficient 
of thermal expansion to the other ceramic cell components. To a significant extent, the 
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oxidation of interconnect at operational temperatures limit the life of a SOFC stack. Thus, 
their oxidation behavior is a crucial parameter to be observed during operation (Quadakkers 
et al., 2003; Shaigan et al., 2010). 
 
In this study, ODS SS430 alloy interconnect was fabricated using a variant of friction stir 
deposition process. The microstructure and high temperature oxidation behavior of the 
processed ODS alloy was studied. 
 
The alloy was treated at 800°C for 100 h and as an effect of fabrication and processing, the 
composition of oxide layers, developed at high temperatures, on its opposite surfaces are 
different. One Surface is rich in Iron and Mn oxide, where as the other surface has 
Mn/chromium spinels, which seems to have a correlation with the compositional variation of 
the two surfaces. 
 

 
 

Fig.1 Formed ODS SS430 alloy 
 
Miguel-Perez, V., Martinez-Amesti, A., No, M. L., Larranaga, A., and Arriortua, M. I. (2012). 

Oxide scale formation on different metallic interconnects for solid oxide fuel cells. 
Corrosion Science, 60, 38–49. 

Quadakkers, W. J., Shemet, V., and Singheiser, L. (2003). Metallic interconnectors for solid 
oxide fuel cells – a review. Materials at High Temperatures, 20, 115–127. 

Shaigan, N., Qu, W., Ivey, D. G., and Chen, W. (2010). A review of recent progress in coatings, 
surface modifications and alloy developments for solid oxide fuel cell ferritic stainless 
steel interconnects. Journal of Power Sources, 195, 1529–1542. 
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Nbsilicide based alloys have been considered as materials for next generation turbine gas 
turbine engines applications with service temperatures of above 1150ºC. In the present work, 
the effect of Zr and Hf addition on the microstructure and phase formation of hypoeutectic 
Nb16 at.% Si alloy has been investigated. The alloys were prepared by nonconsumable arc 
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melting under an argon atmosphere using a water cooled copper mould. The alloys were 
characterized by using scanning electron microscope, X-ray diffraction, electron probe 
microanalysis and electron back scattered diffraction. It is observed that addition of Zr resulted 
in formation of two phase microstructures consist of Nbss and Nb5Si3 phases. In contrast Hf 
addition showed two phase microstructures composed of Nbss and NbSi3 phases. The elements 
Zr and Hf are predominantly partitioned in silicide phase. 
 

 
Effect of precipitate morphology on creep resistance on magnesium alloys 
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Poor creep resistance of cast magnesium alloys is a major problem which stops them as a 
material for automobile powerhouse components. The critical fraction of the suitable secondary 
phases can increase the creep resistance of Mg alloys. Also, the precipitation sequence and 
morphology of precipitates could be affected heavily by segregation of elements during casting. 
In the present study, magnesium alloys are produced from a combination of the Mg-Ca-Sn-Al-
Zn. Aging was carried to study the precipitation behavior. Transmission electron microscopy 
is performed on the deformed samples. Further, precipitate morphology is correlated with the 
creep resistance of the alloys.  
 
 

Hot Compression Behavior of Refractory High Entropy Alloy 
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Equiatomic Refractory high entropy alloy CrMoNbTiW was synthesized through powder 
metallurgy route using high energy ball milling. Further, consolidation of mechanically alloyed 
powders was carried out using spark plasma sintering. This resulted in formation of an alloy 
with two BCC solid solution along with secondary phases. Hot compression tests were 
carriedat a constant strain rates of 10-1-10-3 s-1 at temperatures ranging from 1000 °C to 1350 
°C. Post deformation studies were done to understand the deformation mechanism.  
 
 
Influence of residual stresses on the fatigue behavior of DLC coated 7075-
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Al-Zn-Mg-Cu alloys (7000 series alloys) are widely used in aerospace applications because of 
its superior mechanical properties achieved through optimized heat treatment methodologies. 
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However, these alloys are susceptible to environmental-assisted degradation when exposed to 
corrosive environment during static and cyclic loading. To alleviate the environmental 
influence on material performance, various coating techniques such as PVD-WC/C and DLC 
coating has been envisaged for improving the performance of the substrate material in ambient 
and corrosive environments respectively. 
 
The present work focuses on measuring residual stress on DLC coated Al-Zn-Mg-Cu substrate 
deposited by physical vapor deposition technique and relating it to fatigue behavior. DLC 
coating which is a mixture of sp2 (graphite-like) and sp3 (diamond-like) bonds of carbon, 
improves hardness and wear resistance over the aluminum substrate for sliding contact 
applications and corrosion protection 
 
Diamond-like coating (DLC) of 2.5 micron thick coated on the aluminum alloy samples, were 
subjected to rotating bending fatigue test in methanol and air environment respectively. DLC 
coating is X-ray amorphous in nature as revealed by grazing incidence X-ray diffraction 
studies. Residual stresses generated due to coating process was measured using grazing 
incidence X-ray diffraction and compared with residual stress obtained by Raman spectroscopy 
and validated to be -1.3 GPa. Further Raman spectroscopy was used to probe stress at various 
portion in gauge section and relate it with fatigue behavior. Diamond polished and DLC coated 
samples revealed better coating adherence and fatigue performance than 1200 grit polished and 
fatigue tested samples. 
 
 

Using rubber for fine blanking to improve process energy efficiency and 
cost effectiveness 

Aravind U, Gopalakrishnan C.K., Uday Chakkingal and Venugopal P 
Department of Metallurgical and Materials Engineering, IIT Madras, Chennai 600 036 

Email: aravind.krd@gmail.com 
 

Blanking is a shearing process with a completely enclosed cutting line. Being a single stroke, 
fast operation, it finds wide range of applications in the sheet metal forming industry. But 
blanked pieces have some inherent defects like a partially fractured cut edge and dishing, which 
require further sizing and finishing operations for it to be application ready. The fine blanking 
process that produces near finish quality products was developed to address this issue (Schiess, 
1922). This improvement is obtained by the application of blank holder and counter forces 
apart from the cutting force required to overcome the shearing resistance of the material. In the 
shear zone, hydrostatic compressive stresses are generated by the action of the blank holder 
and counter forces. Besides these, actions are also required for stripping and ejection of the 
blanked part. Thus, in total, five independent steps are involved, and three independent machine 
actions are required. Thus, for fine blanking to be carried out, a triple action press is required. 
 
The achievable tolerance and surface finish in a single stroke makes fine blanking the preferred 
candidate for auto part manufacturing sector. Due to the costly equipment and tooling, the 
process is relatively expensive. Yet, there are very few reported studies on reducing the cost 
per piece associated with the process.  
 
Present work proposes the use of rubber for applying counter force, thereby eliminating the 
need for a third independent action  for counter force application as well as ejection, so that 
energy and cost savings are ensured. An experiment set-up with load sensing transducers was 
developed and fine blanking experiments carried out with both modified process and the 
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conventional one. Product dimensional tolerances and edge quality was found to be unaffected 
by the process modification. Thus, the proposed modification is a feasible alternative to the 
conventionally practiced one, enabling the use of a relatively less expensive double action 
press. Energy consumption per stroke was observed to be reduced by 10% by the proposed 
process modification.  

 
 

Correlation of FEM Analysis to Superplastic Forming of Titanium Alloys 
Bibhavendra Kumar Singh1, S.S. Bhattacharya1, Uday Chakkingal1 and Sergey A 
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1Materials Forming Laboratory, Department of Metallurgical and Materials Engineering, 
IIT, Madras, Chennai – 600 036 

2Moscow Institute of Electronics and Mathematics, National Research University “Higher 
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Superplastic forming has now become a standard processing route in aircraft and automobile 
parts manufacturing. It is a low tolerance fabrication process, widely used to produce turbine 
blades, seat structures, compressor blades and chassis [1]. Low production rate and constricted 
predictive capabilities of stability during deformation are its major drawbacks. Under such 
circumstances, the finite element method (FEM) can be considered as a possible tool, both for 
analyzing complex geometries and criticality involved in the manufacturing process [2]. 
 
In the present study, FEM simulation of superplastic forming of a Ti-6Al-4V sheet into a 
square-shaped hollow component was carried out using ABAQUS®, to analyze the actual 
forming process [3] and to predict the formability of the material into a complex shape. An 
alloy sheet of thickness 1 mm was used, with temperatures ranging from 875˚C to 980˚ The 
simulation results were then compared with material characteristics obtained from high 
temperature tensile jump tests. A special subroutine was linked to the FE simulation in order 
to verify and validate the superplastic material characteristics. While performing simulations, 
it was assumed that the titanium alloy is a rigid-plastic material with isotropic and 
homogeneous properties, while the die was considered to be a rigid body. FEM analysis was 
carried out considering constitutive equations based upon the power law equation. 
Furthermore, in the present research, effects of important factors such as strain rate, co-efficient 
of friction, grain size upon the optimum forming pressure-time and thickness distribution of 
rectangular component were analyzed systematically using the FE model. The accuracy and 
reliability of the FEM model was validated with experimental data, which confirmed the 
suitability of the finite element approach for modelling superplastic forming of Ti-6Al-4V.  
 
1. P. Pradeep and S Ayyanar, Journal of Applied Sciences 12(10), pp. 1048–1052 (2012). 
2. L Carrino and G Giuliano, International Journal of Mechanical Sciences 39(2), pp. 193-

199 (1997). 
3. R K Rayudu, “Superplastic Forming and Diffusion Bonding of Titanium Alloy Ti-6Al-

4V,” Ph.D. thesis, IIT-Madras, (2014) 
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Microstructural characterization of T92/Super304H dissimilar welds in             
as-welded and post-weld heat treated conditions 

E. Nandha Kumar1, G.D. Janaki Ram1, Ravi Sankar Kottada1, K. Devakumaran2 

1Department of Metallurgical and Materials Engineering, IIT Madras, Chennai – 600036 
2Welding Research Institute, BHEL, Trichy – 620014 

Email: penandha@gmail.com 
 
In advanced ultra-super critical power plants, dissimilar welding between ferritic-martensitic 
steel T92 (9Cr-0.5Mo-2W) tubes and austenitic stainless steel Super304H (18Cr-8Ni-CuNbN) 
tubes is often called for. The joints are meant for long-term high temperature service under 
high steam pressures. In the current study, T92 and Super304H tubes (44 mm outer diameter 
and 8 mm wall thickness) were fusion welded using hot-wire tungsten inert gas welding process 
employing ErNiCrFe-7A (Inconel-52A) fillers (0.8 mm diameter) in three passes. The welds 
were stress relieved at 760°C for 2h followed by air cooling. Microstructures of the weld metal 
and the heat-affected zone (HAZ) on either side were systematically investigated in both as-
welded and post-weld heat treated conditions. Compositional and microhardness profiles were 
also obtained across the welds. The current study forms a part of a larger ongoing investigation, 
which aims to assess the microstructural evolution in T92/Super304H dissimilar welds during 
long-term high temperature service. The first results are reported in this paper.  
 

 
 

Fig.1. Macrograph showing the cross-section of a T92/Super304H dissimilar weld in as-
welded condition.  

 
 
 
 
 

 
 
 
 
 
 
Fig.2. Optical micrographs of a T92/Super304H dissimilar weld in as-welded condition at the 
fusion boundary on Super304H side (a) and T92 side (b).  
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Characterization of bimetallic nanoparticles using electron microscopy 
Krishna Kumar and Parasuraman Swaminathan 
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Nanoparticles composed of two different metals show novel electronic, optical, catalytic, and 
photocatalytic properties compared to monometallic nanoparticles. Bimetallic nanoparticles 
show not only the combination of the properties related to the presence of two individual 
metals, but also new properties due to a synergy between the two metals [1]. There are different 
methods for synthesis of bimetallic nanoparticles. One of such method is dewetting of thin 
films. 
 
Thin films are deposited far from equilibrium and are metastable in the as-deposited state. 
When these films are annealed they tend to break into individual agglomerates. This process 
is known as dewetting and when it happens below the melting point of the metal it is called 
solid state dewetting. This process is driven by surface energy minimization and its rate 
increases with decreasing film thickness and increasing temperature [2]. Dewetting can also 
be used to fabricate nanoparticles arrays, which have a wide range of applications in 
plasmonics and optoelectronic devices [3]. 
 
In this work we synthesize bimetallic nanoparticles by solid state dewetting of copper-silver 
bilayer films. Pure copper and copper-silver films are deposited by thermal evaporation on 
oxidized silicon. The films are annealed under different conditions to form mono and bimetallic 
particles. We use electron microscopy (TEM and SEM) for the structural and compositional 
analysis of the particles. The aim is to correlate the areal density and size distribution with film 
thickness and composition.  
 
Acknowledgment: This research work is supported by Naval Research Board, Project No: 
NRB/4003/PG/354 
 
1. Adriana Zaleska-Medynska, Martyna Marchelek, Magdalena Diak, Ewelina Grabowska, 

Advances in Colloid and Interface Science 229, 80 (2016)  
2. C.V. Thompson, Annuv. Rev. Mater. Res. 42, 399 (2012) 
3. Young jae  Lee, Kisik Koh, Hyungjoo Na, Kwanoh Kim, Jeong-Jin Kang and   

Jongbaeg Kim,  Nanoscale Res Lett4, 364 (2009) 
 
 

In-situ EBSD study of grain growth in deformed Nickel 
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Mechanical properties of polycrystalline materials are controlled by microstructure i.e., grain 
size and shape, presence of second-phase particles, grain boundary character distribution 
(GBCD), texture [1]. Polycrystalline materials undergo grain coarsening during annealing. 
Grain boundaries play a significant role in grain growth [2] and the rate and nature  of grain 
growth (normal or abnormal) depends on the prior deformation, annealing temperature and 
time. Normal grain growth is one in which the size of individual grains are relatively uniform. 
Abnormal grain growth (AGG) is characterized by few grains growing at the expense of other 
grains and consuming the entire existing matrix [3], [4]. Though migration of low energy, high 
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mobility grain boundaries is often cited as the reason for AGG in polycrystalline materials 
during annealing, there is no clear understanding on the reasons for this and which particular 
microstructural feature provides a significant contribution to abnormal grain growth [5]. This 
study is aimed at observation of AGG in deformed Ni (99.96% pure) using an in-situ-heating 
stage coupled with EBSD. Nickel samples cold rolled to 5% and 15% are subjected to in-situ 
heating to 750 ˚C and the evolution of microstructure in the same region of interest (ROI) is 
captured using EBSD at frequent intervals. It was observed that samples subjected to both the 
deformations are susceptible to AGG. The grain size distribution and evolution of low Σ 
boundaries with annealing time are quantitatively obtained. It has been reported that certain 
low Σ boundaries gain sufficiently high mobilities during annealing and get consumed while 
aiding AGG [6]. Hence the role of those boundaries is investigated by observing their evolution 
and migration in the same ROI with incremental duration of annealing.   
 
1. B. Verlinden, J. Driver, I. Samajdar, and R. Doherty, Thermo-mechanical processing of 

metallic materials. 2007. 
2. P. E. J. Flewitt and R. K. Wild, Grain boundaries: their microstructure and chemistry. John 

Wiley & Sons Ltd., England, 2001. 
3. M. Hillert, “On the theory of normal and abnormal grain growth,” Acta Metall., vol. 13, 

no. 3, pp. 227–238, 1965. 
4. A. D. Rollett, D. J. Srolovitz, and M. P. Anderson, “Simulation and theory of abnormal 

grain growth-anisotropic grain boundary energies and mobilities,” Acta Metall., vol. 37, 
no. 4, pp. 1227–1240, 1989. 

5. A. Lawrence, J. M. Rickman, M. P. Harmer, and A. D. Rollett, “Parsing abnormal grain 
growth,” Acta Mater., vol. 103, pp. 681–687, 2016. 

6. O. Underwood, J. Madison, R. M. Martens, G. B. Thompson, S. Welsh, and J. Evans, “An 
Examination of Abnormal Grain Growth in Low Strain Nickel-200,” Metallogr. 
Microstruct. Anal., vol. 5, no. 4, pp. 302–312, 2016. 

 
 

Kinetics of austenite decomposition during continuous cooling of hot 
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Advanced High Strength Steels (AHSS) are promising solutions for the production of lighter 
automobiles which reduce fuel consumption and increase passenger safety by improving 
crashworthiness. These combinations of properties are achieved by a careful selection of 
composition and processing methodologies of AHSS. Hot stamping is one such methodology 
wherein boron containing AHSS plates are formed at high temperature and subsequently 
quenched to room temperature in the forming dies. Hot stamping reduces the forming load, 
spring back and increases yield strength of the steel after forming. In this research work, we 
aim to simulate the hot stamping of boron steel in GleebleTM, thermal-mechanical simulator to 
understand effect of cooling rate on the transformation behaviour of austenite in boron added 
hot forming steels. 
 
Hot forming steel strips of 180 x 51 x 2 mm3 were heated to austenite region (1173 K) with a 
heating rate of 10 K s-1, soaked for 1200 s and cooled from there with different cooling rates 
of 1, 5, 10 and 12 K s-1. Austenite transformation temperatures were measured using 
dilatometry. The transformation kinetics of austenite under various cooling rates were 
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calculated from dilatation curves. Results show that austenite formation start and end 
temperatures during heating are 1002 and 1124 K, respectively. During cooling at 1 K s-1, 
austenite transformation was found to occur at 1000 K and completed at 878 K. Microstructure 
results confirmed the absence of martensite after cooling at a cooling rate of 12 K s-1. 

 
 

Microstructure evolution and growth velocity measurement of 
FeCoNiCuNb0.5 High entropy alloy at different undercooling conditions: 

experimental and simulation approach 
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The present investigation is aimed to understanding the microstructure evolution and growth 
velocity of FeCoNiCuNb0.5 multicomponent high entropy alloy at various undercooling 
conditions. The alloy was designed by thermodynamic modelling using CALPHAD approach, 
which shows order-disorder fcc phase mixture. HEA was prepared using vacuum arc melting 
technique under high purity Ar atmosphere.  The microstructure of studied HEA consists of 
fcc (1) and fcc (2) solid solution phases. Alloy was undercooled at different undercooling 
temperature with a maximum undercooling of ~0.20 TL. The growth velocity measurement of 
primary dendritic phase was carried out using high speed video imaging technique. 
Microstructure evolution during undercooling was simulated by using phase field modelling 
and compared with the experimental data.  The studied HEA shows soft magnetic behaviour 
with high saturation magnetization ( 105 emu/g) and low coercivity ( 7 Oe) at room 
temperature and M-T plot shows no magnetic transition up to 900 K. 

 
 

Characterization of hot deformation behaviour and microstructural 
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The high-temperature flow behaviour of-’ strengthened  Co-30Ni-10Al-5Mo-2Ta-2Ti-5Cr 
(at%) superalloy was investigated by conducting isothermal compression tests in a temperature 
range of 1348 to 1498 K and a strain rate of 0.001 to 10 s-1. Based on dynamic material 
modelling [DMM], processing map was generated to find an optimum hot workability and 
desired microstructure processing range. Power dissipation efficiency and instability parameter 
significantly depend on deformation parameters such as temperature, strain rate, and strain. 
The domain with peak power dissipation efficiency 47 % found out in the temperature 1470-
1498 K and strain rate 0.01 to 0.1 s-1. Deformed sample shows fully recrystallized 
microstructure in higher efficiency region. Instability domains are characterized by the 
occurrence of cavity and formation of the crack along grain boundary, which are found at high 
strain rates 1-10s-1. The constitutive model was developed by adopting Arrhenius hyperbolic 
sine function and apparent activation energy for hot deformation is calculated to be 540±30 
kJ/mol. 
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mechanically controlled processed (TMCP) quench and partition (Q&P) 

steel 
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In the development of third generation AHSS, the quench and partition (Q&P) steels are 
gaining widespread attention for its ability to generate an optimum range of properties through 
the control of its microstructure - supersaturated martensite and retained austenite. Introducing 
a thermo-mechanical controlled process (TMCP), prior to the Q&P treatment, has influenced 
the resulting microstructure in terms of higher fraction of martensite, grain refinement and 
formation of high angle grain boundaries (HAGBs) leading to an improved strength with 
adequate ductility. The tensile strength achieved is in the range of 1300 - 1400 MPa with a total 
elongation of 14 - 18%. The effect of applied strain in the TMCP has a pivotal role in the 
properties obtained. In this presentation, the evolution of microstructure is shown for different 
operating temperature of the TMCP viz. controlled hot rolling in two different regimes with a 
finish rolling temperature of about 980 ºC and at 1060 ⁰C. EBSD results suggests that a 
significant difference is observed in the recrystallization of the prior austenite grains which is 
also reflected in the martensite formed.  
 
 

The influence of strain rate and temperature on the evolution of     
microstructure in ODS-18Cr steel 
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Nanooxide dispersion strengthened (ODS) steels are considered as candidate materials in the 
generation IV fast breeder nuclear reactors due to their superior properties such as high 
temperature strength, high swelling resistance and high resistance to corrosion and oxidation.  
In the present work, the deformation behavior of ODS-18Cr ferritic steel (Fe-18Cr-2W-0.3Ti-
0.3Y2O3) and 18Cr ferritic steel without dispersoids (Fe-18Cr-2W-0.3Ti), produced by 
mechanical alloying, followed by consolidation through hot extrusion has been studied. 
Compression tests were carried out at a range of temperatures (RT – 1073 K) and a range of 
strain rates (10-4 – 10-2 /s). The main focus of the present work is to comprehend the evolution 
of the microstructure and in particular understand the nature of interaction of dislocations with 
the fine dispersoids in the matrix and also with the grain boundaries as a function of temperature 
and strain rate.   

 
 

  



Dept. of MME, IIT Madras  IN-HOUSE SYMPOSIUM (IHS-2017) July 29-30, 2017 

32 
 

Synthesis and Consolidation of AlNi and AlCo Intermetallic Compounds 
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Ordered intermetallics are known for their high specific strength. Al based intermetallic 
compounds or aluminides are known to have high melting point (> 1500oC) and very high 
oxidation resistance at room temperature as well as high temperatures due to their good thermal 
stability. In the present work AlNi and AlCo intermetallic compounds have been synthesized 
through Mechanical Alloying (MA). Spark Plasma Sintering (SPS) was used to consolidate the 
MA powders. Phase evolution of these compounds was studied using X-ray diffraction. 
Composition of MA and SPS samples were tested using Energy Dispersive Spectroscopy 
(EDS) attached in SEM. Calorimetric studies using differential scanning calorimeter were 
revealed the early formation of B2 compound due to nano effects attained though mechanical 
alloying. Variation in order parameter and phase evolution with milling time were compared 
in AlNi and AlCo. 
 

 
Synthesis of nanocrystalline Al0.3CoCrFeNi high entropy alloy by 
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Rahul John1,2, Vaishnavi H. C.3, Anirudha Karati2, B. S. Murty2 

1Institute of Frontier Materials, Deakin University, Australia 
2IIT Madras, Chennai 600036 

3National Institute of Technology Jamshedpur 
Email: rahuljohn77@gmail.com 

 
High entropy alloys has been widely studied attributed to their superior properties especially 
at high temperature applications. Among the number of systems has been studied focusing on 
various properties, Al-Co-Cr-Fe-Ni systems remains one among the most studied system. 
Employment of mechanical alloying has been found to introduce contamination into the system 
from the tungsten carbide vials and balls. Apart from this chromium carbide formation was 
also found to occur. In this study the synthesis of Al0.3CoCrFeNi high entropy alloy with the 
aid of mechanically activated annealing has been employed. The annealing was carried out on 
partially mechanically alloyed or rather thoroughly mixed elemental powders. Mechanical 
alloying was done for a duration of 5h at 1h intervals with half an hour of cooling between. 
This 5h milled powder was annealed at temperatures of 800, 900, 1100 and 1200oC for a 
duration of 1h in vacuum furnace. The shorter annealing duration was with the aim of 
maintaining the nanocrystallinity of the alloy. The microstructural changes was studied with 
the aid to scanning electron microscopy, X-ray diffraction and transmission electron 
microscopy.  
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High entropy alloys are a recent class of materials which are known for unique properties such 
as high strength, high temperature stability, good oxidation and wear resistance. Ag-Bi-Cu-Sb-
Sn multi-component alloys were synthesized by mechanical alloying followed by spark plasma 
sintering (SPS). The alloy system was designed based on established empirical parameters for 
solid solution formation and the applicability of the individual elements in tribology and wear. 
The fraction of Cu was varied to produce AgBiSbSn, AgBiSbSnCu0.5 and AgBiSbSnCu alloys 
which were characterized by SEM and EDS. The sintered sample shows Cu2Sb and Ag3Sn 
phases with a matrix rich in Sb and Bi. Increasing Cu percentage increased the Cu2Sb phase in 
the microstructure resulting in higher hardness in AgBiSbSnCu compared to the other two 
compositions. The effect of heat treatment on the microstructure of powder metallurgy compact 
was analyzed. The microstructure is also found to be sensitive to the heating rate during SPS. 
The micro hardness of the multiphase microstructures is presented. 
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A material plays an important role in production of electricity from the fast breeder reactors.  
Mainly materials used in cladding tube and fuel pins should have high mechanical properties. 
The lifetime of these materials are limited by void swelling and creep resistance. New materials 
are evolved to get better properties in radiation atmosphere. Oxide dispersion strengthened 
(ODS) steels are one of the newly evolved core materials used in the nuclear reactors. ODS 
steels widely followed by nuclear community because of several advantages material over 
other conventional steels such as swelling resistance, creep resistance and high tensile 
properties. The properties of ODS alloys mainly depends on microstructure evolution of 
matrix, size and number density of clusters formed in these steels. Processing of these ODS 
alloys mainly through powder metallurgy route. (Mechanical alloying followed by 
consolidation). Commonly used oxides for ODS steels are Y2O3, TiO2, ZrO2 and TaO2. Amount 
of oxides and alloying elements also affects properties of these alloys.   
 
In this study pre alloyed powders (316 SS) of austenitic steel with addition of 0.25-0.5% Y2O3 
and 0.25 & 0.4%Ti were processed by high energy mechanical milling. The milled powders 
are consolidated by spark plasma sintering. The microstructures, hardness and compressive 
behavior of pellet were studied and characterized using different techniques. The effect of 
increasing Y2O3 and Ti composition are explained. The size and chemical composition of Nano 
clusters were identified. Compressive behaviors of these pellets were found to be better than 
the base material and other ODS steels. 
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Ni base superalloys which have excellent aqueous and hot corrosion resistance are widely used 
in petrochemical and other chemical industries are subject to highly corrosive environments at 
elevated temperatures in service. The damage during service is mostly due to degradation 
mechanisms like intergranular corrosion, sensitization and hot corrosion. Grain boundary 
engineering (GBE) (which works on the idea of altering the distribution, nature and inter-
connectivity of grain boundary network) is an attractive approach to improve the resistance to 
intergranular damage of a polycrystalline materials. GBE microstructure is usually achieved 
through thermomechanical processing involving strain-annealing or strain-recrystallization 
(Randle, 2010). 
 
In the present study, GBE microstructure was developed in Hastelloy C-276 (a Ni based 
superalloy) with a nominal composition of 58% Ni, 16% Cr, 6% Fe, 11% Mo, 1.2% C, 0.5% 
V, 0.16% Si, 0.7% Co and 0.2% P through thermomechanical processing. The starting material 
consisted of 53% of coincident site lattice (CSL) boundaries and a grain size of 12 µm. The 
connectivity of the grain boundaries was characterized by triple junction analysis with 
focus on junctions with 2 or 3 CSL segments (labelled J2 and J3) (Randle and Owen, 2006). 
Thermomechanical processing involving strain annealing was imposed to achieve GBE 
microstructure which increased the CSL boundary fraction to 69% with a grain size of 25 µm.  
 
High temperature tensile testing at 700 °C and 800 °C were performed on as received and GBE 
samples for a comparative study. The ultimate tensile strength, yield strength and strain to 
failure is expected to increase in the GBE processed samples. The increase in fraction of CSL 
type grain boundaries and (J2 + J3) type junctions in the GBE microstructure can be attributed 
to the accompanying changes in the mechanical properties (Randle and Davies, 2002). The 
results of the above test will be presented in the poster. 
 
Randle, V. (2010). “Grain boundary engineering: an overview after 25 years,” 

(Intergovernmental Panel on Climate Change, Ed.) Mater. Sci. Technol., 26(3), 253–261. 
Randle, V., and Davies, H. (2002). “Evolution of microstructure and properties in alpha-brass 

after iterative processing,” Metall. Mater. Trans. A, 33(6), 1853–1857. 
Randle, V., and Owen, G. (2006). “Mechanisms of grain boundary engineering,” Acta Mater., 

54(7), 1777–1783. 
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Hierarchical interwoven alumina was developed using egg shell membrane as a bio-template. 
Fibrous network of the egg shell membrane was replicated to form fibrous alumina networks 
by soaking the membranes in metal salt solution and subsequent calcination. The synthesis was 
systematically studied by varying the calcination temperature (400-1200oC). The biomorphic 
hierarchical structures developed were assembled from nanocrystallites by a bottom up 
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assembly process. Morphological features of the developed alumina networks were 
characterized using electron microscope and structural investigations were carried out using X-
ray diffraction methods. Surface features of the hierarchical structures developed were studied. 
Calcium and sulfur based compounds got crystallized from egg shell membranes along with 
alumina. The developed biomorphic networks, by virtue of their high surface area and porous 
properties will be potential candidates for applications in water purification. 
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Molecular dynamics (MD) is gaining attention in the past few years because of its ability to 
model real atomic and molecular systems (up to million atoms) and predict mechanical, thermal 
and surface properties at a relatively low computational cost. The interactions between the 
atoms/molecules is included as interatomic potential, which is normally be a pair potential 
(considering only the first order interactions). Morse potential is one of the simplest pairwise 
potential with only three fitting parameters (D0-bond dissociation energy, re-equilibrium bond 
length and α-controls the width of the well). In general, the available interatomic potential 
parameters for oxides and nitrides are very few. We use Morse parameters derived from bond 
valence (BV) method, which has been previously shown to be effective in modelling oxides. 
BV method is based on the Pauling’s second rule, and relies on the fact that bond length can 
be related to the bond valence (which is a ratio of the cationic charge to its coordination 
number). There are two bond valence parameters (b and R0) for a pair of bond M-X (cation-
anion) which is derived by considering all reported compounds containing those bonds. So 
these parameters can be used to model any system (even ternary or higher order) containing 
these bonds. In our study, sintering dynamics of barium tantalum oxynitride (BaTaO2N) has 
been studied using the BV derived Morse parameters (accounting for short range interaction) 
and explicit addition of Coulombic interaction (accounting for long range interaction). 
BaTaO2N is interesting because of its high dielectric constant (4900) and visibly active 
bandgap (2.1 eV). The lattice parameter and the bulk modulus are found to be in agreement 
with the experimental values. Thus BV derived Morse parameters can be used as a part of 
interatomic potential in MD to model complex ceramics (including non oxide materials). 
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High Entropy Alloys (HEAs) can be defined as solid solution alloys that contain five or more 
principal elements in equi-atomic or nearly equi-atomic proportions, with simple crystal 
structures (FCC or BCC). Magnetic property of high entropy alloy was first reported by Zhang 
et.al for AlNiCoCuFeCr HEA with saturation magnetization (MS) of 38.18emu/g and 
coercivity (HC) of 45 Oersted which is comparable with that of soft ferrite. MS is primarily 
dependent on composition and atomic level structures. Suitable selection of elements in HEAs 
can lead to alloys of desired magnetic properties. In this paper, the microstructure and magnetic 
properties of arc melted Al2NiCoCuFe, AlNi2CoCuFe, AlNiCo2CuFe, AlNiCoCuFe2 HEA 
alloys have been investigated using X-ray diffraction (XRD), FEGSEM and Vibration sample 
Magnetometer (VSM) respectively. The XRD results show formation of two phases in all the 
alloys.  The same was confirmed from the FEGSEM studies. The sample was annealed at 
10000C for 24 h followed by water quenching. It was found that annealing has no effect on the 
microstructure of Al2NiCoCuFe and AlNi2CoCuFe while in the case of AlNiCo2CuFe and 
AlNiCoCuFe2 a super lattice reflection of B2 phase was observed after annealing and 
quenching.  Highest saturation magnetization of 106 emu/g and coercivity of 10Oersted was 
obtained for AlNiCoCuFe2. As all of the alloys are magnetic at room temperature and have 
high curie temperatures, they are better choice as soft magnetic materials for high temperature 
applications. 
 
 

Evolution of Morphology and Phase Crystallinity during Synthesis of 
Nanocrystalline Alumina Particles by Flame Spray Pyrolysis 

Bobu Manuel Jolly, and S.S. Bhattacharya 
Nano Functional Materials Technology Centre (NFMTC), Department of Metallurgical & 

Materials Engineering, IIT Madras, Chennai - 600036 
Email:bobujolly@gmail.com 

 
Ceramic oxide nano-particles with high purity and relatively narrow size distribution can be 
synthesized efficiently by flame spray pyrolysis (FSP). In the present study, nanocrystalline 
alumina (Al2O3) particles were synthesized from aluminium nitrate solution (precursor) using 
FSP. The precursor solution was atomized by a jet nebulizer and allowed to pass through a co-
flow diffusion burner into a reactor. A flame was generated by using LPG (as fuel) and oxygen, 
with the flow rates being controlled by mass flow controllers. In the flame, the aerosol droplets 
underwent evaporation followed by pyrolysis to form monomers that sintered into dense 
particles. The effect of process parameters on the morphology and crystallographic phases of 
the synthesized powders were evaluated using electron microscopy (SEM and TEM), surface 
area analysis and x-ray diffraction. Molarity of the solution, LPG (fuel), oxygen and carrier gas 
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flow rates were chosen as the process parameters. Lower molarity solutions resulted in 
fragmented particles, whereas spherical particles were obtained from high molarity solutions. 
The morphology of the particles changed from hollow spherical to dense spherical ones with 
increase in the fuel flow rate. Increase in the carrier gas flow rate resulted in un-aggregated 
particles as a result of low residence time in the flame. No profound effect was observed on the 
morphology of the particles with increase in the oxygen flow rate. The synthesized powders 
were amorphous at low fuel flow rates. The powders crystallized into meta-stable alumina 
phases with increase in the fuel flow rate as evident from x-ray diffraction studies. The results 
of the synthesis and characterization studies are presented and discussed. 
 

 
Effect of process parameters on the morphology and electrochemical 

property of LiNi0.8Co0.15Al0.05O2 

N. Sasikala, M.B. Sahana, Prathap Haridoss and Raghavan Gopalan 
Department of Metallurgical & Materials Engineering, IIT Madras, Chennai - 600036 

Email: sas_gnat@yahoo.co.in 
 
LiNi0.8Co0.15Al0.05O2 (LNCA) has been proposed as promising cathode material for automotive 
applications due to their high energy density and specific capacity. LNCA, has rhombohedral 
layered structure with R3m̅ space group and theoretical capacity of 278 mAh/g in the range of 
3.6-4.0V. Synthesis of LNCA is carried out in two steps, co-precipitation of transition metal 
hydroxide with sulphate/nitrate salts of Ni, Co, Al followed by solid state synthesis with LiOH. 
In order to get spherical morphology, uniform particle size distribution, and homogenous 
elemental distribution, it is required to optimize the synthesis process parameters such as salt 
precursor, pH, retention time, reaction temperature, Li- source, calcination temperature and 
duration etc. Simultaneous addition of salts of Ni, Co, Al impedes the growth of the particle 
resulting in broad particles size distribution. Hence, effect of Al addition during precipitation 
and calcination temperature during solid state synthesis have been studied. Galvanostatic 
charge-discharge tests were done using sweglok cells with LNCA oxide powder mixed with 
carbon black in the ratio of 90:10, with Li metal as reference and counter electrode. Effect of 
morphological variations on the electrochemical property such as specific capacity and cycle 
stability will be presented. 

 
 

Synthesis and Characterization of Nanocrystalline Multicomponent 
Equimolar (Pb, Sr, Ca) (Ti, Zr) O3Perovskites Prepared in a Single Step 

Using Nebular Spray Pyrolysis 
Annu Sharma and S.S. Bhattacharya 

Nano Functional Materials Technology Centre, NFMTC, 
Department of Metallurgical and Materials Engineering, IIT Madras, Chennai 600036 

Email: mm15d405@smail.iitm.ac.in 
 
Perovskites are a class of oxide ceramics which find a lot of applications because of their 
excellent dielectric [1], ferroelectric [2] and piezoelectric properties [3,4]. In addition, they find 
a wide range of applications as catalysts, solar cells, electronic conduction, proton conduction 
etc. They have a chemical formula of ABO3 in which the A and B sites are occupied by cations 
with the A cations having a +2 oxidation state and the B cations having a +4 oxidation state. 
Barium titanate, strontium titanate, lead titante, lead zirconate, and calcium titanate are some 
well known perovskites. Many types of elemental and compound doping has been done in these 
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perovskites to enhance their properties [5, 6, 7]. 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 nanocrystalline multicomponent equimolar perovskites directly in a 
single step using a gas phase synthesis route. Lead, strontium and calcium were chosen as the 
A cationon the basis of Hume-Rothery and Pauling’s rules. The size difference between them 
is less than 15% and all of them have a +2 oxidation state in their stable form. Similarly, 
titanium and zirconium with +4 oxidation state were selected as the B cation. (Pb, Sr, Ca) (Ti, 
Zr) O3 was synthesised from nitrate precursors in a single step using nebulised spray pyrolysis 
(NSP).  The as-synthesized powders were characterized by x-ray diffraction (XRD) and 
scanning electron microscopy (SEM).  XRD confirmed that the powders were predominantly 
in the perovskite phase with a minor amount of second phase, which was identified as 
zirconium oxide. The elemental percentage, determined using energy dispersive spectroscopy 
(EDS), confirmed equimolarity. The particle size and morphology was determined using a 
scanning electron microscope (SEM). 
 
1.  Quantum confinement and dielectric profiles of colloidal nanoplatelets of halide inorganic 

and hybrid organic–inorganic perovskites. Daniel Sapori, MikaëlKepenekian, Laurent 
Pedesseau, Claudine Katan and Jacky Even, Nanoscale, 2016,8, 6369-6378 

2.  A review of molecular beam epitaxy of ferroelectric BaTiO3 films on Si, Ge and GaAs 
substrates and their applications.Lucie Mazet et al 2015 Sci. Technol. Adv. 
Mater. 16 036005 

3.  Glory of piezoelectric perovskites.Kenji Uchino 2015 Sci. Technol. Adv. 
Mater. 16 046001 

4.  High-sensitivity piezoelectric perovskites for magnetoelectric composites.Harvey 
Amorín 2015 Sci. Technol. Adv. Mater. 16 016001 

5.  Doping and alloying for improved perovskite solar cells. Yuanyuan Zhou,  Zhongmin 
Zhou,  Min Chen,  Yingxia Zong,  Jinsong Huang,  Shuping Pang  and  Nitin P. Padture 
Journal of Materials Chemistry A Issue 45, 2016 

6.  Improved charge carrier lifetime in planar perovskite solar cells by bromine doping. 
David Kiermasch, Philipp Rieder, Kristofer Tvingstedt, Andreas Baumann & Vladimir 
Dyakonov Scientific Reports 6, Article number: 39333 (2016), doi:10.1038/srep39333 

7.  Luminescent manganese-doped CsPbCl3perovskite quantum dots. Chun Che Lin, Kun 
Yuan Xu, Da Wang & Andries Meijerink Scientific Reports 7, Article number: 45906 
(2017), doi:10.1038/srep45906 
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 Surfaces often tend to exhibit unique and interesting phenomena and properties that can be 
significantly different from the bulk of the respective systems. Often these surfaces are 
modified by surface active agents, either through deliberate additions industrially for soaps, 
inks, detergents, ground water treatment and soil remediation applications or by their 
inadvertent presence as contaminants in coating and printing processes. In either case, these 
alter the wetting characteristics and hydrodynamics by giving rise to interfacial stresses, thus 
affecting the surface properties of the system like surface tension and surface viscosity. As 
subject of the present work we formulate and solve a mathematical model that addresses 
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stability of liquids films due to interplay between Marangoni and surface viscosity effects based 
on whether either, both or neither of them is present at leading order in the governing equations. 
The system considered is a thin (~100 nm), free liquid film containing insoluble surfactants at 
its free surfaces. 
 

 
Stability of thin liquid films containing surface-active particles 

U. Hariharan 
Department of Metallurgical and Materials Engineering, IIT Madras, Chennai 600036 

Email: mm13b041@smail.iitm.ac.in  
 
The stability and dynamics of thin liquid films (<100 nm) are of immense importance in 
industrial settings like coating and printing processes, extraction of oil from porous rocks, and 
microelectromechanical devices. They also occur in biological and biophysical scenarios [1], 
as well as in natural settings like ice sheet modelling. The dynamics of these liquid films depend 
on their rheological properties, which vary from common liquids such as water or oil to 
complex fluids such as polymeric or colloidal solutions, or even a complex mixture of phases. 
In this study a hydrodynamic model is introduced to capture the long term evolution of a 
Newtonian liquid film containing insoluble surface-active particles at the surface. The 
dynamics is traced until the film ruptures, which is assisted by a Van der Waals-type disjoining 
pressure. The surface-active particles are also assumed to have a significant effect on the 
surface viscosity of the film, which in turn depends on the concentration of the particles. Also, 
Marangoni flow arising from gradients in surface tension is considered important, which in 
turn is caused by local diffusion-driven concentration gradients.  
 
The above mentioned phenomena are generally believed to stabilize a liquid film or delay any 
possible film rupture. We consider here the possibility of four distinct interaction regimes based 
on the surface rheological effects of the particles, such that either, both or neither of Marangoni 
and surface viscosity effects would be present at the leading order in the governing equations. 
The liquid film is bounded by a rigid impermeable solid below and covered by passive air phase 
above (see Fig.1).  Depending on whether surface viscosity effects or Marangoni effects are 
weak or strong, these effects correspondingly are present or absent in the tangential stress 
balance at the interface between the film and the passive air. Surface tension is assumed to be 
linearly decreasing with increasing particle concentration and a nonlinear model [2] is used to 
examine the effect of particle concentration on surface viscosity. At sufficiently high 
concentrations, the particles could form an apparently rigid shell around the liquid free surface 
due to enhanced surface viscosity.  
 
A standard linear stability analysis and nonlinear simulations are performed on the set of highly 
coupled partial differential evolution equations. Linear stability analysis gives insights on 
whether a particular imposed pertubation wavenumber will grow or decay in time, hence 
establishing the range of wavenumbers leading to rupture, and also evaluating the fastest 
growing wavenumber. The fastest growing wavenumber thus obtained is used as a 
characteristic domain length in the nonlinear simulations while studying film rupture. 
Parametric studies for all four regimes provides a strong confirmation that surface viscosity 
and Marangoni effects are indeed  film destabilizers and Van der Waals attraction is a film 
stabilizer. 
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CaO (instead of pure Ca) can be used as an alloying addition to Mg alloys. Using CaO reduces 
the use cover gases (SF6) in melting and casting of Mg alloys making them eco-friendly [1]. 
Hence, it is important to study the CaO-MgO system. It was reported by Gourishankar et al. 
[2] that the derived values of the enthalpies of formation at 298 K for MgO and CaO differ 
significantly from the established literature data. Based on this data the thermodynamic 
descriptions of CaO-MgO system were presented in [3]. The positions of CaO and MgO lines 
were swapped in the Ellingham diagram using these descriptions. In this work, an attempt is 
made to verify these findings and re-assess the CaO-MgO system using CALPHAD approach 
supported by ab initio calculations. 
 
1.  S.K. Kim, “Design and Development of High-Performance Eco-Mg Alloys”, in 

Magnesium Alloys – Design, Processing and Properties, ed. F. Czerwinski (InTech, Rijeka, 
Croatia, 2011) 431-468. 

2.  K.V. Gourishankar, M.K. Ranjbar, and G.R. St. Pierre, “Revision of the enthalpies and 
gibbs energies of formation of calcium and magnesium oxide,” J. Phase Equilib., 14 (5) 
(1993), 601-611. 

3.  R. Schimd-Fetzer et al., “Thermodynamic Description of Reactions between Mg and CaO,” 
in Magnesium Technology 2016 (Springer International Publishing, 2016), 67-72 
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Ultra-small (r<2 nm) semiconductor quantum dots (QDs) have attracted attention for 
applications ranging from dye sensitized solar cells to sensing due to its tunable band gaps and 
large specific surface area. However their practical and large scale deployment will rely on our 
ability to (i) stabilize them, and (ii) achieve a monodisperse population using soft chemical and 
scalable approaches. Digestive ripening (DR) is a method to prepare uniform sized 
nanoparticles and quantum dots. DR usually involves refluxing of polydispersed colloidal 
nanoparticles near the boiling point of the solvent, in the presence of excess but suitably chosen 
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surface active agents. Here we demonstrate a green solution approach for synthesis of quasi-
spherical, stable (> 1 year), ultra-small, monodispersed (size ~ 2.4±0.5 nm) copper oxide QDs 
having radius less than 2 nm. These quantum dots show wide band gap of (5.3 eV) which is 
inexplicable using Brus’ equation. Spectroscopic study’s indicates that Cu exists in mixed 
valence state on the surface of material. This is the first report on DR in CuO and also it may 
be noted this is only the second transition metal oxide system in which DR is reported so far. 
In addition to this there is need to study the effect of precursors, solvents and surfactants on 
DR, because all of these parameters play critical role in DR. In this context, we have chosen 
common copper precursors (acetate, sulphite, nitrate and chloride) which are often times 
explored for the CuO synthesis. We have noticed that that ultra-small DR copper oxide QDs 
can be formed at room temperature without reflux, regardless of the starting Cu source. It has 
been noticed that capping with triethanolamine (TEA) results in substantial increase of zeta 
potential in all the cases. This indicates that TEA acts as a robust surfactant, the action of which 
is independent of starting Cu source. The hard-hard-acid-base interaction (between CuO and 
TEA) based (i) mass transfer and (ii) passivation seems to be primary mechanism for DR. 

 
 

Liquid film entrainment during dip coating on a porous substrate 
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Dip coating involves dragging a thin liquid film onto a solid plate by withdrawing it from a 
stationary liquid pool at a constant speed U  (see Fig. 1). The limiting thickness of the entrained 
film on a rigid substrate is given by the well-known Landau-Levich problem [1]. The objective 
of the present work is to examine the effect of substrate porosities on the thickness profile, 
limiting thickness and meniscus lengthening during dip coating. While dragging a liquid film 
onto a plate from a reservoir, the free meniscus of the liquid may be subdivided into a “static” 
region, far from the plate and an “entrainment” region, close to the plate (see Fig. 1). Typically, 
in the static region, the gravitational and surface tension (capillary) forces are in balance, 
whereas, the shape of the entrainment region is determined by the surface tension and viscous 
drag forces. We solve separate governing equations for the static region and the entrainment 
region of the system, which comprises of the 2D Navier-Stokes equations, continuity, and the 
capillary pressure jump at the free surface. The complete film profile is then obtained by 
matching the meniscus curvatures of the static and entrainment regions to ensure a smooth 
transition.  
 
At the surface of the porous substrate, a slip boundary condition using Darcy’s law is 
implemented while solving for the entrainment region [2]. The film height profile equation is 
finally derived using the kinematic boundary condition, as a function of capillary number and 
substrate permeability, and is obtained as: 

,
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Here h  denotes the dimensionless film thickness, scaled using the capillary length, while b  

denotes the dimensionless value of the limiting thickness far downstream ( *x ). 
Besides,  is a dimensionless parameter that describes the influence of permeability of the 

porous substrate, and Ca  is the rescaled capillary number. While deriving (1), we have 
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assumed that the aspect ratio  of the entrained film is very small, so that the lubrication 
approximation [3] can be invoked.  
 
Equation (1) is a third order ordinary differential equation in )( xh  subject to the boundary 

conditions which ensure a vertical film far downstream, and attaining a constant thicknessb. 
Besides, the meniscus curvature near the wall should be equal to the local curvature of the static 
region at the point of matching. These conditions are expressed concisely as:   

/2)(    ,0)(")('   ,)(  hhhbh  

Equation (1) will be solved numerically using a shooting technique. The dependence of 
dimensionless film thickness on capillary number has been depicted in Fig. 2 for the case of a 
rigid substrate ( 0  in (1)). The limiting thickness is seen to be proportional to Ca2/3 for Ca 

ranging from 10-1 to 10-4. The faithfulness of this relation will be explored for the current 
situation where the substrate permeability and the film aspect ratio will be taken into account. 

 

 
 

Fig 1: Schematic representation of liquid 
film entrainment during dip coating on a 
porous substrate. 

Fig 2: Log-log plot of the dimensionless 
entrained film  
thicknessvs capillary number for a rigid 
substrate. 
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Transition metal oxides (TMO) have established applications in the field of electronics for their 
remarkable functional properties. Although unary and binary oxides have been thoroughly 
studied in the past, multicomponent oxide ceramics with more than three principal elements 
have been unexplored until recently [1]–[4]. In this study multicomponent TMO systems were 
synthesized in the nanocrystalline form in an attempt to synergize the properties of the unary 
oxides as well as to look for interesting functional behavior.  CuO, MgO, ZnO, NiO, CoO were 
used as the major entities, selected on the basis of Hume Rothery and Pauling’s rules.  
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The powders were synthesized using a nebulized spray pyrolysis (NSP) process and the 
conditions were optimized to produce hollow-sphere nanocrystallites [1]. The as-synthesized 
powders had a phase-pure rocksalt structure, although ZnO and CuO have non-cubic wurtzite 
and monoclinic structures respectively as their stable forms at the temperature of synthesis. 
Equimolarity was confirmed using the energy dispersive spectroscopy (EDS) attachment of a 
scanning electron microscope (SEM). The powders were sintered to form a pellet using spark 
plasma sintering technique to retain the Nano grain size. SEM images revealed that the grain 
sizes were in the range of 30 nm after sintering and they were in agreement with the crystallite 
sizes calculated using Scherer’s formula as applied to x-ray diffraction data. The presence of 
the different bonds were confirmed through Raman spectroscopy. 
 
Energy band gap (Eg) and the defect states of the sintered pellet were studied using diffuse 
reflectance spectroscopy (DRS) and photoluminescence spectroscopy. The maximum intensity 
of absorption was found to be present predominantly in the visible region. Although the band 
gap of the material was in the visible region, AC conductivity measurements showed that the 
material had a resistivity of 107 Ω mat room temperature, like an insulator. Further, the 
resistivity decreased with temperature, characteristic of an insulator.This reflects the possible 
Mott insulator behavior as the constituents like NiO and CoO, which were predicted to be 
metallic theoretically by band gap theories, behaved as insulators experimentally [5]. This 
could be attributed to the energy required by the electrons for pairing up being much less than 
the energy required for excitation to a higher level. 
 
1. A. Sarkar, R. Djenadic, N. J. Usharani, K. P. Sanghvi, V. S. K. Chakravadhanula, A. S. 

Gandhi, H. Hahn, and S. S. Bhattacharya, “Journal of the European Ceramic Society 
Nanocrystalline multicomponent entropy stabilised transition metal oxides,” J. Eur. 
Ceram. Soc., vol. 37, no. 2, pp. 747–754, 2017. 

2. A. Giri, J. L. Braun, C. M. Rost, and P. E. Hopkins, “On the minimum limit to thermal 
conductivity of multi-atom component crystalline solid solutions based on impurity mass 
scattering,” Scr. Mater., vol. 138, pp. 134–138, 2017. 

3. D. Berardan, A. K. Meena, S. Franger, C. Herrero, and N. Dragoe, “Controlled Jahn-Teller 
distortion in (MgCoNiCuZn)O-based high entropy oxides,” J. Alloys Compd., 2017. 

4. R. Djenadic, A. Sarkar, M. Botros, C. Loho, O. Clemens, V. S. K. Chakravadhanulau, C. 
Kübel, S. S. Bhattacharya, A. S. Gandhi, and H. Hahn, “Multicomponent equiatomic rare 
earth oxides,” Phys. status solidi - Rapid Res. Lett., vol. 3831, no. September, p. submitted, 
2016. 

5. K. T. and T. Oguchi, “Band theory of insulating transition-metal monoxides: Band-
structure calculations,” Phys. Rev. 8, vol. 30, no. 8, pp. 4734–4747, 1984. 
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