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Dr. B.S. Murty
Head of Department
Dept. of Metallurgical and Materials Engineering, IITM

Message from the
Head of Dept.

In this edition of ETCH, we have tried our best to make it more appealing and interesting, but more importantly we have tried to 
bring it closer to our readers. After a lot of effort, we have migrated to an online platform – available at https://mme.iitm.ac.in/etch 
so that we can reach out to our readers throughout the year.

IIn the present edition we have changed the narrative style in the research section, to help even those readers without any signi-
cant materials research background appreciate and understand the articles. The students section consists of a brief insight into 
‘Amalgam: The Material Festival of the Dept. of MME’, followed by our new initiative, the ‘Intern Diaries’ column. This is a platform to 
share the intern experiences of students from our department or the intern experiences of students from other institutes about 
their stay in IIT Madras.

IIn the Department section we explored the agship events of the department - Rodriguez Memorial Lecture and ISRS (biennial sym-
posia organised by our department). The article - ‘Where one plus one is denitely one!’ about Materials Joining Laboratory is the 
rst in a series of articles aimed at unravelling the rich heritage and diversity of our department. We wrapped up this section with 
the much bandied Placement statistics.

WWe concluded this edition with our prized interviews - success stories of two of our alumni, who have made it big in the industry - 
Bhaskar Bhatt (Managing Director of Titan Company Limited) & R. Natarajan (Executive VP Tube Investments of India Ltd.) and inter-
views of distinguished metallurgists, Dr. Amol Gokhale(Director, DMRL), Dr. R Krishnan (Director (Rtd.), GTRE, Bangalore) & Sajjan 
Jindal (Chairman, Managing Director, JSW Steel). We have been privileged to interact with and hear from such eminent personalities 
and we hope that these interviews will be a source of knowledge and inspiration for the readers.

Any concerns or suggestions that will help us improve our magazine are always welcome.
Please do spread the word about this magazine and help us further in our initiative.

-Rama Srinivas V
Head, Editorial Team

Message from the Editorial Team

I am extremely happy that our Etch team is bringing out yet another edition. As I go through the 
editions that have come out so far (13.1, 13.2, 14.1 and the current 14.2), I can clearly see that Etch 
has signicantly grown from a toddler to a mature adult over the past two years. This is largely due 
to the untiring efforts of the Etch team, the hard working students and wise faculty members of the 
team giving all the necessary support and advice. 

TThe current issue covers the research articles from both faculty and students, news about various 
technical events, interviews with distinguished metallurgists/materials scientists, alumni, intern 
students, new facilities acquired by the department.  

DDepartment also organized yet another exciting Amalgam and ISRS, the details of which can be 
found in this issue. This year’s Prof. Placid Rodriguez Memorial lecture was delivered by Dr. Amol 
Gokhale, Director, DMRL, wherein he took us through the fascinating journey of the evolution of 
metal foam technology. This issue also brings out interviews with stalwarts like, Dr. R. Krishnan, Mr. 
Sajjan Jindal and Dr. Sundararaman along with those of two of our alumni. The department has 
become a popular destination in recent years, for a number of bright students from various in-

stitutes for summer internships. In the current issue, one of the summer interns share the exciting time that he had in the depart-
ment.  

More details about the department can be seen in this issue. I am sure you will nd them useful. I request you to share your 
thoughts/information/research articles to Etch. I would like to place on record our appreciation for the wonderful efforts of Jatin 
Mandawat and his team. I also take this opportunity to thank all the students, faculty and Alumnus for their unstinted cooperation 
and support for the Etch.

-Prof. B.S. Murty
Head MME

Dr. B.S. Murty
HOD, Dept. of MME
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Metal Foams: 
Processing & Properties
Santhoshkumar Bhogi (Ph.D. student)
Suvajit Mandal (M.Tech. student)
Manas Mukherjee (Assistant Professor)

RESEARCH

What is metal foam and why are they impor-
tant?
 
 Metal foams have unique physical, mechanical, thermal and 
acoustic properties. The weight-specic strength or stiffness 
of foams is higher than those of bulk metals. Due to these 
properties metal foams are potential material for light-weight 
construction and energy absorption [1]. The combination of 
different properties makes them ideal material for automotive 
industries where they can be used for crash-box, lighter struc-
tuture, and noise and vibration damping [2]. Other potential 
areas of application of metal foams are aerospace, shipbuild-
ing, defence and building construction.

 Foams are dispersions of a gaseous phase in another phase 
which can be either liquid or solid. Foams are made of a clus-
ter of bubbles which are called cells. Everyone is familiar with 
aqueous foams where a gaseous phase (usually air) is dis-
persed in water. The air in two cells is separated by a thin 
water lm which is called cell wall. In metal foams, gaseous 
phase in adjacent cells is separated by metallic lm or cell wall. 
During processing of metal foams these cell walls are made of 
liquid metals. After solidication these transforms into solid 
metallic lms. In general, the term metal foam is used for the 
solid metal foams. Metal foams are of 2 types: open cell & 
close cell. In open cell foam the structure is interconnected 
whereas in close cell foam the gaseous phase in cells are iso-
lated. Various metals or alloys such as Al-based alloys, 
Mg-based alloys, Zn, Cu, Ni, Pb, Ni-base super alloys, etc., can 
be. The majority of metal foams produced worldwide is alu-
minium-based.

 Metal foam was rst made almost a century ago in 1926 by 
M. A. De Meller in France [3]. But it could not draw the attention 
of scientic community till 1980s when the rst commercial 
production of metal foams started in Japan by Shinko Wire 
Company under the trade name Alporas [4]. Since then many 
different techniques to process metal foams have been devel-
oped. At present a fairly large number of companies exist 
whichwhich produce foams in large scales (interested readers may 
refer to http://www.metalfoam.net for information on metal 
foam companies). 

 

"When modern man builds large load-bearing structures, he uses dense solids: steel, concrete, glass. 
When nature does the same, she generally uses cellular materials: wood, bone, coral. There must be 

good reasons for this.” - Prof. M. F. Ashby, University of Cambridge.

How to make metal foams?

 In this article we will focus only on close-cell metal foams. In 
terms of starting raw material there are mainly two ways to 
process foams: from metal powders and from metallic melt, 
known as powder metallurgy (PM) route and melt route, re-
spectively.

 In the PM route, metal powders are admixed with a blowing 
agent. Foamable precursor is obtained by hot-compacting 
the powder blend. The most common blowing agent is TiH2, 
but other blowing agents such as CaCO3, ZrH2 and other metal 
hydrides are also used. When the foamable precursor is 
heated above the melting point of the alloy, the gas released 
from the blowing agent expands the sample and creates 
foam.foam. The foams made via PM route usually have high cost be-
cause of a high cost of the raw materials, i.e., metal powders. 
However, the biggest advantage with PM route is that it allows 
processing of a wide range of materials and component ge-
ometries

 In the melt route, the gas is either created inside the melt by 
adding a blowing agent  or injected through a nozzle into the 
melt. The melt contains solid ceramic particles which are 
either in-situ produced or externally added. These particles 
are essential for the stabilisation of foams processed via melt 
route. The gases used in gas injection method could be air, 
oxygen, argon, nitrogen or mixture of them. The foams manu-
fafactured via melt route are cheaper than those manufactured 
via PM route because of a lower cost of raw material, i.e., metal 
ingots. The geometries that can be realized by melt route are 
limited. However, a large-scale production is possible via melt 
route. The biggest advantage of melt route is that the gas in-
jection method allows serial production of foams.

What are our activities on metal foams?

 Our main focus of metal foam research is on processing 
Al-based close-cell metal foams. In our laboratory, we are 
using melt route and TiH2 as blowing agent. Here we present 
the result from foaming of Al-TiB2 metal matrix composite 
(MMC) and Al-Ca alloy. 
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 Al-TiB2 MMC (with some amount of Mg and Si) is prepared 
by reacting potassium tetrauoroborate (KBF4) and potassium 
hexauorotitanate (K2TiF6) salts with molten aluminium at 
about 800oC. This reaction yields TiB2 particles which act as sta-
biliser for the foam. After completion of the reaction, the MMC 
is casted. In order to prepare foam, this MMC is remelted at 
about 700oC and then TiH2 (    1 wt.%) is admixed with the melt. 
TThe melt is held above the melting point for some time during 
which hydrogen that is released from the TiH2 creates bubbles 
in the melt and causes the melt to expand converting it into a 
foam. After a certain holding time, the foam is taken out from 
the furnace and allowed to solidify. Figure 1 (left and middle) 
shows examples of foams produced by this route.

 For the second alloy, rst aluminium is melted at about 
700oC and then calcium granules (   1.5 wt.%) are added and 
mixed by stirring. Calcium reacts with oxygen & produces 
oxides which remain as solid particles and provides stabilisa-
tion during foaming. Subsequently, TiH2 is admixed and the 
melt is allowed to expand by holding it at 700oC. After foaming 
the melt is taken out from the furnace and solidied. The 
ffoams thus produced has the trade name Alporas. Figure 
1(right) shows cross section of an Alporas foam.

~~

~~

~~

Figure 2: X-ray tomographic slices of the (left) vertical and 
(right) cross section of the Alporas foam shown in Figure 1.

  One of the most remarkable properties of metal foams is the 
ability to deform at an almost constant stress as shown in 
Figure 3. The strength of foam is characterised by the rst 
maximum stress experienced by the foam. This is referred as 
plastic or plateau stress (σp).  And the strain at which the stress 
begins to rise rapidly is called as densication strain (εdε) 
which is usually 50-70% depending on the type of foam. Up to 
εdd the foam absorbs a large amount of energy. This ability to 
absorb energy at constant stress makes them ideal material 
for energy absorption applications especially when the 
energy of impact is signicant such as during collision of auto-
mobiles. A crash-box containing metal foams can protect 
engine components and provide improved safety to the pas-
sengers in the case of an accident.

Figure 3: Stress vs strain behaviour of Al-Si-TiB2 foam 
(density      0.8 g/cc.) under quasi-static compressive load.

References
[1]  MF Ashby, AG Evans, NA Fleck, LJ Gibson, JW  Hutchinson,  
    Wadley HNG. Metal foams – a design guide. Boston: But     
   terworth-Heinemann; (2000).
[2] [2]  J Banhart. Prog Mater Sci (2001);46:559. 
[3]  MA De Meller, French Patent 615,147, (1926).
[4]  S Akiyama, et al., US Patent 4,713,277, (1987).
[5]  M Mukherjee, F Garcia-Moreno, J Banhart. Scripta Mater    
  (2010);63:235.
[6]  M Mukherjee, U Ramamurty, F Garcia-Moreno, J Banhart.  
   Acta Mater (2010);58:5031. 

Figure 1: (left) Al-Si-TiB2 foam oating in water, 
(middle) Al-Mg-TiB2 foam, (right) Alporas foam.

  We characterise the foams in terms of their structural and 
mechanical properties. We use X-ray micro-computed tomog-
raphy (µCT) to image the 3-dimensional (3D) structure of 
foams. The µCT generates 2D slices of the sample. By stacking 
these 2D slices a 3D volume of the sample can be obtained. 
Figure 2 shows 2D slices of a vertical and a cross section of Al-
poras foam. Analyses of these 2D slices or the 3D volume pro
vides information such as cell size distribution, non-uniform 
material distribution, defects such as large cells or bro-
ken/missing cell wall etc [5,6].

RESEARCH
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Spark Plasma Sintering:
Can we predict creep resistance of
materials using densification data?
Niraj Chawake

RESEARCH

Niraj is a PhD scholar working under the supervision of 
Dr. Ravi Sankar Kottada, Dept. of MME, IIT Madras

 From the knowledge of ring, sintering is considered as one 
of the oldest human technologies from the prehistoric era. 
This technique applies thermal energy to produce densi-
ty-controlled materials and components from metal or/and 
ceramic powders [1]. Working on the same fundamentals, 
today, Spark plasma sintering (SPS) is one of the recent ad-
vanced sintering techniques. SPS is popularly known as Field 
Assisted Sintering Technique (FAST) or Pulsed Electric Current 
Sintering (PECS). The main idea behind SPS concept is the 
work of Voelker in 1900 on electric spark sintering of tungsten 
[2]. In 1906, few works on direct current resistance sintering 
made foundations of SPS. However, the present day SPS ma-
chine is based on the patented work done in Japan in late 
1960. This patent expired in late 1980s and then onwards 
commercial machines were built, consequently gave the di-
rections for research in this area [3]. 

 SPS is a novel solid state sintering process and is widely 
used for densication of metals as well as ceramics. The assis-
tance of DC pulsed electric current together with an applied 
load leads to faster and near-theoretical dense materials as 
compared to conventional sintering [4]. The enhanced sinter-
ing kinetics and faster densication are attributed to the local-
ized heating mechanisms such as the formation of plasma 
andand Joule heating [5-7]. The formation of spark followed by 
plasma in the vicinity of pores is considered to be one of the 
many mechanisms. However, ambiguity on the existence of 
plasma still persists in the literature [8-10]. Another probable 
mechanism is Joule heating, which is a promising heat gener-
ation mechanism in case of metals. Joule heating occurs be-
cause of resistance to electric current. The maximum resist
ance offered to the electric path is believed to come from the 
particle-particle contacts. However, these contacts start di-
minishing with the progress of densication due to pore clo-
sure. Consequently, the resistance to electrical path due to 
these contacts also decreases and eventually vanishes once 
the material attains near-full density. The resistance to the 
electrical path also has contributions from graphite-die punch 
system and graphite foil-powder contacts. Typical schematic 
for SPS setup is as shown in Fig. 1a. 

 In our studies, qualitative and quantitative understanding 
of Joule heating is addressed. Pure Fe, Ni and Cu powders 

were sintered in Dr Sinter SPS-5000 machine (Sumitomo 
Metals, Japan). Graphite die-punch (20 mm inner diameter) 
with graphite foil inserted in between the punch and powder 
was used to consolidate these powders. A constant uniaxial 
pressure of 10 MPa was applied throughout the experiment. 
Sintering was performed in vacuum (~10 Pa) to avoid oxida-
tion of the powders at a temperature of 0.7Tm (Tm-melting 
poipoint of pure metal). The desired temperature was reached 
with a ramp rate of 100 K min-1 and the temperature was 
measured using k-type thermocouple inserted in the graphite 
die at a position of 4 mm away from the inner
diameter. The displacement, voltage (V) and current (I) proles 
were monitored continuously during the experiments and 
were acquired for further analysis.

 Based on the V-I data obtained during these experiments, 
the calculated Ohmic resistance was observed to saturate at 
the same value for all the three metals at ~0.3Tm (Fig.1b). The 
saturation resistance is attributed to Joule heating contribu-
tion that originates from the major resistance coming from the 
graphite–foil and punches. The resistance prior to saturation is 
ascribed to surface oxide layers on the metal powders in addi-
tion to other contacts. The saturation resistance is due to the 
dielectric breakdown of oxide layers under the inuence of 
temperature and electric eld. Joule heating in initial stages of 
sintering is inferred to arise primarily from 
particle–particle contacts [11].

 Based on the understanding of Joule heating for metallic 
powders and nearly hydrostatic state of stress experienced by 
powder compacts during sintering, the densication data can 
be used to study mechanical behaviour of materials. To vali-
date this, the model proposed by Bernard-Granger and Guiz-
ard [12]  is used to evaluate creep parameters (stress exponent, 
n and activation energy, Q) for aluminides (FeAl and NiAl). 
Compression creep experiments were done (using Applied 
Test Systems, Butler, PA) on dense samples. Creep parameters 
obtained through densication data are compared with those 
obtained from conventional creep experiments. The validity of 
the model was successfully illustrated for aluminides as shown 
in Fig. 2 by comparing the creep parameters obtained from 
conventional creep experiments with that of parameters ob-
tained from densication data. Deformation mechanism maps 
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Figure 1. (a) Typical schematic of SPS system and (b) the varia-
tion of resistance and relative density w.r.t. homologous temper-
ature. The resistance saturates at ~0.3Tm for all three metals. 
Thus indicating major Joule heating is expected to come from 
graphite foil-powder contacts and graphite punches  at T>0.3Tm 
while at initial stages (i.e. T<0.3Tm) Joule heating occurs at parti-

cle-particle contacts.

developed here are able to predict the deformation behav-
iour during SPS and conventional creep. Thus, we conclude 
that the model can also be used to evaluate high tempera-
ture deformation behaviour of metallic alloys including inter-
metallics [13]

 On concluding remarks, Joule heating in SPS is the major 
heating mechanism during consolidation of metallic pow-
ders. With properly designed SPS experiments, the densica-
tion data can plausibly predict the creep resistance of the 
materials.
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Figure 2. Showing comparison of SPS and conventional creep experiments using theoretically calculated deformation mechanism maps 
for FeAl and NiAl. The excellent agreement gives plausible condence about the densication mechanisms involved during sintering are 

based on creep deformations of materials. Thus this analysis helps to predict the creep resistance using densication data.
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Global Research News

Nanopowder for Bone Tissue Regeneration

[1]

  Repairing bones has long been a lengthy process – the 
damaged bone sections must rst be realigned and then sta-
bilized, but then the patient must just wait for the healing pro-
cess to happen. Nowadays, biomedical literature is full of ma-
terials that could speed this process up – bio-inspired scaffolds 
that can encourage bone tissue regeneration. A team of chemi-
cal engineers have developed highly-porous, bioactive titania 
scaffolds that encourages bone tissue to regenerate itself, 
speeding up the healing process.

 Among all the available materials, one that has attracted 
particular attention is titanium dioxide (TiO2). It is not only 
biocompatible, but porous structures made from it display ex-
cellent mechanical properties. However, questions have re-
mained about its bioactivity, that is, its ability to bond to bone 
without the need for a secondary coating. We know from the 
earlier studies, that bioactive materials has the tendency to 
form a layer called “bonelike apatite” on their surfaces – it’s this 
that allows them to bond directly to native bone. A team of 
Latvian chemical engineers recently published work to 
demonstrate that nano-TiO2 might be the possible answer and 
knowing that the “bonelike apatite” formation is inuenced by 
the surface, the team from Riga Technical University is prepar-
ing coated highly-porous TiO2 ceramic scaffolds with TiO2 nan-
opowder. 

 The bioactivity of these scaffolds (coated and non-coated) 
was evaluated by immersing them in simulated body uid 
(SBF) for 21 days – a well-established in vitro test method. The 
results showed that the surface microstructure of the uncoat-
ed TiO2 scaffolds remained unchanged throughout the test. In 
contrast, after just seven days, agglomerates of white, spheri-
cal particles were observed on the coated scaffolds, and by 

[2]

  An international team of scientists has developed what may 
be the rst one-step process for making seamless car-
bon-based nanomaterials that possess superior thermal, elec-
trical and mechanical properties in three dimensions. These 
nanomaterials could potentially be used for increasing energy 
storage in high efficiency batteries and supercapacitors, en-
hancing the efficiency of energy conversion in solar cells and 
developing novel lightweight thermal coatings. Carbon nano-
tubes can be highly conductive along their one-dimensional 
nanotube length, while the atom-thick sheets of carbon 
known as graphene are highly conductive in two dimensions. 
But this high conductivity disappears when these carbon na-
nomaterials are extended into the third dimension. This is be-
cause current two-step processes for stacking carbon nano
tubes and graphene sheets on top of each other produce 
three dimensional (3D) materials that suffer from poor con-
ductivity between the different layers.

 "Two-step processes lack a seamless interface and, there-
fore, lack the conductance sought," explains Liming Dai, pro-
fessor of macromolecular science and engineering at Case 
Western Reserve University and one of the leaders of the re-
search. "In our one-step process, the interface is made with 
carbon-to-carbon bonding so it looks as if it's one single 
graphene sheet. That makes it an excellent thermal and elec
trical conductor in all planes."

 To make the 3D material, the researchers etched radial-

Day 21, the particles formed a uniform layer across the entire 
structure. Further analysis showed this layer to comprise of 
calcium and phosphorus, indicating that it was, in fact apatite. 

 This work has conrmed that nanostructured TiO2 scaffolds 
display in vitro bioactivity. It is hoped that such structures 
could nd use in bone tissue regeneration applications.

New carbon-based nanomaterials 

RESEARCH
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ly-aligned nanoholes along the length and circumference of a 
tiny aluminium wire, then used chemical vapour deposition to 
cover the surface with carbon. 

 With the one-step process, the material can be made very 
long, or into a tube with a wider or narrower diameter, and the 
density of nanotubes can be varied to produce materials with 
differing properties for different needs.

AAnisotropic advantage in black phosphorous 

[3]

  Black phosphorous, named for its distinctive color, is a natu-
ral semiconductor with an energy bandgap that allows its 
electrical conductance to be switched ‘on and off’. It has been 
theorized that, in contrast to graphene, black phosphorous 
has opposite anisotropy in thermal and electrical conductivi-
ties, i.e. heat ows more easily along a direction in which elec-
tricity ows with more difficultly. Such anisotropy would be a 
boost for designing energy-efficient transistors and thermoe-
lectric devices, but experimental conrmation has proved 
challenging because of difficulties with sample preparation 
and measurement.

 A new experimental discovery about black phosphorous 

nano-ribbons by a team of researchers at the US Department 
of Energy (DOE)'s Lawrence Berkeley National Laboratory 
(Berkeley Lab) has experimentally conrmed that single-crys-
tal black phosphorous nano-ribbons have strong in-plane ani-
sotropy in thermal conductivity i.e. conductivity differs in dif-
ferent directions.

 Black phosphorous nano-ribbons were fabricated in a 
top-down approach using lithography, then utilized suspend-
ed micro-pad devices to thermally isolate the nano-ribbons 
from the environment so that tiny temperature gradient and 
thermal conduction along a single nano-ribbon could be ac-
curately determined. 

 The results revealed high directional anisotropy in thermal 
conductivity at temperatures greater than 100K. This anisotro-
py was attributed mainly to the dispersion of phonons, which 
are quasi-particles that represent the collective excitation of 
atoms or molecules in solid matter, with some contribution 
from the phonon-phonon scattering rate, both of which are 
orientation-dependent. 

 The anisotropy in the thermal conductivity of black phos-
phorous nano-ribbons indicates that when these layered ma-
terials are patterned into different shapes for microelectronic 
and optoelectronic devices, the lattice orientation of the pat-
terns should be considered. These orientation-dependent 
thermal conductivities give us opportunities to design micro-
electro¬nic devices with different lattice orientations for cool
ing and operating microchips. 

References
[1]  Materials Letters [DOI: 10.1016/j.matlet.2015.07.017]

[2]  Science Advances 2015; 1 [DOI: 10.1126/sciadv.1400198]

[3] Nature Communications 6, Article number: 8573 [DOI:   
   10.1038/ncomms9573]



09STUDENTS

Amalgam
The Material Festival of Dept of MME,
IIT Madras

STUDENTS

How do you describe a phenomena that lets out 
the beast of an engineer in you, makes you 
marvel at the science of everyday materials as 
well as the materials of tomorrow, ght big to 
claim all the cash and goods, 'peekaboo' at the 
brains of the smartest materials scientists and 
give you a glimpse of the future that your 
ggrandchildren may enjoy?

 We, at IIT Madras, call it Amalgam, the 'Material' festival. Lit-
erally, an amalgam of all the above. Don't believe me? Come 
check it out yourselves.

 All of us have been taught that all (that) matter is made up 
of atoms. Taking this a step further, anyone who can manipu-
late the building blocks of matter are the 'makers'. Amalgam 
gives the glimpse of  grey matter of the 'makers' of matter.

So, what happens at Amalgam?
Amalgam consists of a variety of events, workshops and 
demonstrations, lectures designed to give you a avour of the 
happenings in the Department of Metallurgical and Materials 
engineering, IIT Madras. In brief, the events, customised to 
cater to the tastes of all, consist of:-

1. Industry Dened Problem (IDP):

AA real world problem is given by the industries and Students 
who dare to take up the challenge get the chance to actually 
make a difference.

2. Paper and Poster Presentation:

FFondly called the PPP, it is the battle front for the researchers 
to exhibit their goods and showcase their artillery. Despite the 
name, it is actually a set of 2 events, poster and paper being 
separate. 

3. The Ultimate Metallurgist:

''The' (read agship) event of Amalgam. The hard core-meta 
quizzing stuff. Strictly, not meant for the weak-hearted. The 
tagline being ' Think you are the ultimate, well then, think 
again'.

4.Process Planning/How things work(HTW):

TThis event gets 2 names owing to the composition of this 
event. The rst round consists of questions that ask the 'how' 
of things and the second has a series of parts that asks you to 
identify the process used to manufacture them and then de-
scribe it. In short, it is for the people who like the 'how' and the 
'making' of things.

The hands-on (also 'brains-on') events:

5. Project X:

Catering to the people who are the ingenious engineers. Think 
you can make a catapult out of a pencil, elastic bands, 
ice-cream sticks and thread, and then challenge everyone 
around for a ght..? 

6.Etch-it:

RRound 1 consists of a quiz to verify if you have the essential 
know-how of etching and Round 2 for etching your way up to 
perfection.

7. Metabot:

In a line, the 'amalgam' of metallurgy and robotics.

8. Puzzle Champ:

IIf you are Alpha, Beta and Gamma are Sudoku, brain teasers 
and Crossword puzzles...

9. Treasure Hunt:

Gather a team and set out to get the variety of materials 
around us you never even knew about.

10.Amalgam Main Quiz:

TThe standard and trademark main quiz of the fest. Not strictly 
metallurgy based. It will test your general 
knowledge and your multitasking skills.
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Amalgam: The Material Festival of Dept of MME

RESEARCH
The Online Events:
For the people who are physically absent, mentally 
present..

11. Online Puzzle Champ:

For those whose 0's and 1's are Sudoku, brain teasers and 
Crossword puzzles.

12. 12. Online Photography:

For those who see a thumb impression or a Christmas tree 
when they look at the microstructure of a weld zone and a 
Mona Lisa under the optical microscope.

 We also create awareness among the school children and 
make them realise that there is an awesome branch of study 

called Materials Science that needs budding talent to take its 
reins and usher it into a new era. We call this creation of aware-
ness- Jaagruthi

 To feel SoME of the Spirit of Materials Engineering, some to 
SoME (Spirit of Materials Engineering), where the ideas in the 
grey matter of the budding scientists in the institute take their 
beautiful shape and present themselves in the form of innova-
tive products and new materials. Come and have a look at 
some of the best brain cells our institute has to offer.

 We also have Workshops and Demonstrations, where most 
participants race against time to register rst to the most 
bought after workshop which allows them to place hands on 
the Thermocalc software to plot phase diagrams between ma-
terials. Next, to get a hands on experience with Aluminium 
casting using sand to build moulds. Demonstrations are given 
to give a taste of what happens in the corridors of the depart-
ment of MME.
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Intern Diaries @ IITM 
Mohan Muralikrishna
RGUKT, Nuzvid

Garlapati Mohan Muralikrishna is a Ph.D Research Scholar under the 
supervision of Prof. B. S. Murty in the Advanced Materials Research 
Group, Dept of MME,  IIT Madras.

  Gaining knowledge and learning skills related to research and doing it in a planned and 
very organised way ! , This may be a dream to every one who opt research as their eld of in-
terest. Especially for a person like me who is from a local engineering college, where we 
don't get enough resourses and opportunitis to pursue research. Entering into this life and 
doing research may be a challenging task for us.

I don't know what is research, how to do it, But I've only thought in my mind that I have to 
spend my life by doing research. with this thirst, I came to IIT Madras and started my 

career in research. After coming here I have learnt alot, especially the thought process, planning for future work, Analysing the ob-
tained data in a critical way. My group had given me a lot of experiences though I am a new student, They supported me, helped 
me and taught me the things where I am poor. For a beginner, IIT Madras is the best place to fullll their wish and increase their mo-
tivation towards reserch. Especially I should thank my guide Prof. B. S. Murty, who was so kind and patiently explained so many 
things and enlightened me. Through the discussions with him, I have improved condence to pursue research. There are so many 
pprofessors like him who treat students as their rst preference and strive to enhance good knowledge in them.  With this motivation 
I have decided to be in this eld and joined here as a Ph.D research scholar, where I can fullll my dream.

Rodriguez Memorial Lecture

Dr. Placid Rodriguez Memorial Lecture" was instituted by The Indian Institute of Metals (IIM), in 2009, under the pioneering leader-
ship of Dr. Baldev Raj, Director, National Institute of Advanced Studies, Bangalore. Dr. Amol A. Gokhale Director, Defence Metallurgi-
cal Research Laboratory , Hyderabad delivered this year's lecture on Self Reliance in Materials for Defence at IC&SR Auditorium on 
16th, October 2014. 

STUDENTS



12DEPARTMENT

International Symposium
for Research Scholars (ISRS-2014)  
December 11-13, 2014, IIT Madras, Chennai, India

DEPARTMENT
Event

 The Department of Metallurgical and Materials Engineering 
(MME), IIT Madras in association with IIM Chennai Chapter, has 
been organizing the biennial symposia, National Symposium 
for Research Scholars (NSRS), on Materials Science and Engi-
neering, since 1996, at the national level. This was later trans-
formed into International Symposium for Research Scholars 
(ISRS) since 2004. This year’s symposium, ISRS-2014, is the 
sixth in the series of international symposia.

 Our MME Dept. in association with the Indian Institute of 
Metals (IIM), Chennai Chapter, the Material Advantage Chap-
ter of IIT Madras, and the Metallurgical and Materials Engi-
neering Students’ Association (METSA), IIT Madras, successful-
ly organized the International Symposium for Research 
Scholars on Metallurgy, Materials Science and Engineer-
ing (ISRS-2014) on December 11-13th  2014. This conferenc
is devoted solely to research scholars so that they can interact 
with their peers from all over the world and exchange re-
search ideas, which can help in improving their quality of re-
search, analytical and presentation skills and to broaden their 
perspective by increasing their awareness of diverse areas of 
research worldwide. 

 This ISRS conference, the 6th in the series, had Prof. M. 
Kamaraj as the Chairperson, Prof. Uday Chakkingal as 
Convener, Dr. N.V. Ravi Kumar as Co-Convener, Dr. Srinivasa 
Rao Bakshi as Treasurer and Mr. M. John Silvister Raju and Mr. 
K. Vasanthakumar as the Student Secretaries.

 Prof. K. Bhaskar Ramamurthi, Director, IIT Madras was 
the Chief Guest for the inaugural function. The inaugural 
function started with a welcome address by Prof. M. Kamaraj 
followed  by the Convener’s remark by Prof. Uday Chakkingal. 
The inaugural address was delivered by Prof. K. Bhaskar Rama-
murthi, and motivated the research scholars with an inspiring 
speech and released the souvenir of the symposium in pres-
ence of the Coordinator of the Souvenir Committee, Dr. K.C. 
Hari Kumar. The vote thanks was delivered by the Co-Conven-
er, Dr. N.V. Ravi Kumar.

 During ISRS 2014, research scholars from various academic 
institutions, research laboratories and industries across India 
and abroad presented their research work. A total of 392 ab-
stracts were received and 193 were shortlisted. 185 partici-
pants nally registered for the symposium.

 The 185 abstracts were spread over 19 technical sessions, 
out of which 3 are plenary sessions on  “Computational Materi-
al Engineering”, 13 oral sessions consisting of 81 papers and 10 
poster sessions consisting of 104 papers. 

 Few oral sessions were sponsored by Icon Analytical Equip-
ment Pvt. Ltd, Ametek Instruments India Pvt. Ltd., Tube Invest-
ments of India Ltd., ZwickRoell Testing Machines Pvt. Ltd., Dy-
namic Systems, Inc., and Chennai Metco Pvt. Ltd. For the rst 
time in ISRS, a quiz program was introduced for the registered 
participants, in which total of 44 scholars participated as 22 
teams and Prof. S.S. Bhattacharya as quiz master. The abstracts 
of all the presented papers, along with advertisements from 
sponsors, have been printed in the souvenir. Selected papers 
will be published as a special issue of the international journal 
‘Transactions of the Indian Institute of Metals’ published by 
Springer. Local hospitality in the form of boarding and lodging 
was made available to all the outstation participants. On 
11/12/2014, special dinner and on 13/12/2014 high tea was 
sponsored by Deakin University, Australia. 

DDecember 11, 2014
The First day of the Symposium was dedicated to “Computa-
tional Materials Engineering” on December 11, 2014. The 
day started with 3 plenary talks. 

The rst talk is on: “Dynamical Structure of Superionic con-
ductors” by Prof. Jacob Eapen from North Carolina State 
University



Second Talk is on “Computational modelling of multiscale 
phenomena in materials” by Dr. G. Phanikumar from 
Indian Institute of Technology Madras.

Third Talk is on “Modelling of Weld Phenomena” by Dr. M. 
Vasudevan from IGCAR, Kalpakkam.

IIn the afternoon there was a poster session on “Composites, 
Computational Material Science, Process modelling and 
simulation, Functional Materials, Non Destructive Evalua-
tion”. 

In the evening we had an oral presentation on “Computa-
tional Materials Science, Process modelling and simula-
tion”. A quiz preliminary round was also conducted.

December 12, 2014

The Day started with 2 oral presentation sessions on “Nano 
Structured Materials and Biomaterials”. Before lunch there 
were 2 more oral presentations on “Functional Materials 
and Surface engineering, Environmental degradation” 
and an Invited Lecture by Mr. Mohan Shetty. 

IIn the afternoon there was poster presentation on “Biomate-
rials, Surface Engineering and Environmental Degrada-
tion, Nano Structured Materials, Mechanical Behaviour of 
Materials and Materials Processing”.

In the evening there were 2 Oral Presentations on “Mechani-
cal behaviour of Materials and Materials Processing”. Then 
there were the quiz nals after all the sessions in the evening 
where not only the nal groups participated and won prizes 
but other groups also had questions and won small prizes 
which everyone enjoyed and participated enthusiastically.

December 13, 2014

The 3rd day started with 2 Oral Presentations sessions on 
“Composites and Steels”. 

Morning sessions ended with 2 Oral sessions “Energy Materi-
als and Casting & Solidication, Phase transformations”.

Afternoon there was a poster session “Energy Materials and 
Casting & Solidication, Phase transformations, Metal 
Joining and Metals Forming, Ceramics Powder metallur-
gy”.

Evening there were 2 oral sessions on “Metal Joining and 
Metals Forming, Ceramics Powder metallurgy”.

TThe presentations were evaluated by session chairs and a 
panel of experts in the respective elds and the best pa-
pers/posters were selected to receive awards. The awards con-
sisted of a merit certicate and a cash prize of Rs. 5000, and if 
the award is shared by 2 authors, then each author were given 
Rs. 3000. A total of 25 awards were given. In the quiz program 
3 teams, each of 2 members, were announced as winners and 
thethe prizes were sponsored by IIT Madras Alumni Association of 
Rs. 10000, Rs. 8000 and Rs. 6000 for the rst, second and third 
prizes respectively.

The valedictory function was graced by Prof. Sarit Kumar 
Das, Dean Academic Research, IIT Madras. 

Dr. V. Subramanya Sarma, Coordinator, Technical Committee, 
presented the summary of the whole technical 
program. The awards were announced by Dr. G. Phani Kumar, 
Coordinator, Program and Hall Arrangement Committee and 
presented to the winners. After receiving feedback from the 
participants, the function ended with the vote of thanks pro-
posed by the Treasurer, Dr. Srinivasa Rao Bakshi. 

This Conference has been remarkable in terms of giving 
research scholars who are new to research in getting advice 
and guidance in doing their further research from experts in 
their area very intimately and also a place to 
explore new research areas that has been coming up all over 
the world and meet many distinguished persons from differ-
ent parts of the country and across the world.

13DEPARTMENT

International Symposium for Research Scholars

RESEARCH
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Accutex AU-300iA CNC 
Wirecut (EDM)
New research infrastructure

DEPARTMENT
Facilities

The Dept. recently added another gem to the existing research infrastructure 
- an EDM Machine - Accutex AU-300iA CNC Wirecut worth around 50 Lakhs.

 Electric Discharge Machining(EDM) is a manufacturing pro-
cess in which electrical discharges(sparks) are used to obtain a 
desired contour. It is a simple process whereby an electrical 
spark is created between electrode and a workpiece which 
produces intense heat with temperatures reaching 8000 to 
12000 degrees Celsius, melting almost anything. It is carefully 
controlled and localized to only affect the surface of the mate-
rial. EDM typically works with materials that are electrically 
conductive, although methods for machining insulating ce-
ramics with EDM have also been proposed.

 Wire-cut EDM uses CNC movement. It uses metallic wire to 
cut a programmed contour in a workpiece. It uses a continu-
ous traveling vertical wire under tension as the electrode ex-
cluding the requirement for a special shaped electrode. The 
electrode wire, which is about as thick as a thin needle is con-
trolled by the machine computer. This single-strand metal 
wire in conjunction with de-ionized water(used to conduct 
electricity) uses the heat of electrical sparks to cut through the 
metal piece. The conductivity of the water is carefully con-
trolled making an excellent environment for the EDM process. 
Water acts as a coolant and ushes away the eroded metal ar-
ticles.

 Wire cut EDM machining is mainly used to process various 
plastic moulds, powder metallurgy moulds, etc. Extrusion dies 
and blanking punches are very often machined by wire cut-
ting. It can also be used to cut various sample plate, magnetic 
steel, silicon steel sheet, precious metal or semi-conductive 
material. The fact that the wire can be inclined, thus making it 
possible to make parts with taper or with different proles at 
thethe top and the bottom is an added asset. Furthermore, there 
is never any mechanical contact between the electrode and 
workpiece. Ergo, delicate sections and weak materials can be 
machined without any distortion. Many complex 3D shapes 
can be machined using EDM wire cutting. It is also able to do 
tiny machining, abnormal shape groove or machining of 
standard defect of sample parts which have wide utility in 
eleelectrics, precious machine tools, light industry, army industry 
and many more.

Salient features:
Cutting speed : 
105mm2 /min with a 200mm thick work piece. (On a 
SKD-11(High-Carbon High-Chromium alloy tool steel) work 
piece)

Best surface nish: 
RRa 0.18µm / thickness 50mm. (Ra -mean roughness value)                    
Ra 0.15 µm/thickness 20mm. (Wire: 0.2mm brass wire )

“In Circuit Test”: 
It can examine each soldering point ensuring quality of PCB. 
(845 electrical components and 2582 soldering points 
checked accurately)

Specications:
MMax work piece size (mm): 765*535*215
Max work piece weight (kg): 300
Machine weight (kg): 3000
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Materials Joining Laboratory 
Welding facility 
Prof. G.D. Janaki Ram

Where one plus one is denitely one!

 The Materials Joining Laboratory (MJL) in the Dept. of Met-
allurgical and Materials Engineering at the Indian Institute of 
Technology Madras is a place of special signicance. For nearly 
ve decades, it has been actively engaged in welding and 
joining research, earning an international reputation for itself. 
At present, it is better equipped than ever before. The follow-
ing provides a brief account of the equipment/facilities that it 
houses. 

 The MJL has a range of fusion welding facilities including ox-
yacetylene welding (OAW), manual metal arc welding 
(MMAW), gas tungsten arc welding (GTAW), gas metal arc 
welding (GMAW), and plasma arc welding (PAW). There are 
two GTAW machines, one is a heavy-duty fully automatic ma-
chine equipped with a dedicated wire feeder and the other is 
a portable machine meant for use in manual mode. Over the 
years, a large number of students have used these machines, 
working on a variety of topics ranging from fusion zone grain 
renement to weld distortion control. Some work on activat-
ed ux GTA welding has also been carried out. One of the 
recent additions to our MJL is a cold metal transfer (CMT) 
welding machine. CMT welding is a modied GMAW process 
with a special type of metal transfer that enables welding at 
very low heat input levels. At present, it is one of the busiest 
machines in the laboratory, involved in many different investi-
gations on dissimilar metal welding and low-dilution clad-
ding. 

 The MJL also houses a rotary friction welding (FRW) ma-
chine and two friction stir welding (FSW) machines. Both the 
machines have been extensively used in the past ten years. 
Apart from similar and dissimilar welding of many different 
materials, the FRW machine has been used for friction depos-
iting a variety of materials including novel metal matrix com-
posites. The FSW machines have also been put to great deal of 
use in the past few years for joining several different alumi-
num and magnesium alloys. Signicant work on friction sur-
facing and friction stir processing has also been carried out 
using these machines. The MJL is also equipped with a ultra-
sonic seam welding (USW) machine, using which the feasibili-
ty of producing ber-reinforced metal matrix composites has 
been demonstrated recently.  

 A resistance spot welding machine and a ash butt welding 
machine are also available in the MJL, currently being used for 
joining advanced high-strength steels. The MJL also has a 

vacuum brazing furnace, which can double up as a diffusion 
bonding facility. It can be used for vacuum heat treatment as 
well. The MJL also houses several different facilities for adhe-
sive bonding. These include a sand blasting machine, a dry-ice 
blasting machine, a fume hood, a curing oven, and a scattered 
light sensor. In the past three years, the MJL has witnessed a 
lot of work on adhesive bonding of automotive materials.     

  The MJL is also equipped with a vacuum arc melting unit, 
meant for developing new alloy compositions. Several stu-
dents have used this facility in the past few years, especially for 
producing novel Heusler alloys. The MJL also houses an elec-
tromagnetic levitation facility for investigating solidication of 
undercooled melts. A six-channel data logger is also available 
in MJL, which can be utilized for determining the thermal 
cycles in any welding process. In the recent past, several stu-
dents have used it for their theses. The MJL also has a Vare-
straint testing machine, meant for investigating hot cracking 
behavior of weld metals. The MJL also houses a 
state-of-the-art wire-cut electrical discharge machining facili-
ty along with a few other useful equipment/facilities such as 
gas cutting and plasma cutting.  

 

 In summary, the MJL is well-equipped to undertake re-
search in frontier areas of welding and joining of materi-
als. With a robotic laser welding facility expected shortly 
in the MJL, it is all set to get bigger and better.

(a) (b) (c)

(a) Friction stir welding machine 
(b) CMT welding machine 
(c) Vacuum brazing furnace 

DEPARTMENT
Facilities
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Dr. M Sundararaman
Visiting Professor,
Dept. of MME, IIT Madras

“Being away from your parents, this is your best chance to learn the ins and outs of life. You learn to 
become self-reliant and develop a real sense of responsibility. Be true to yourself. If not, you are cheat-
ing yourself. Try to excel in your eld and enjoy what you are doing. ”
Dr. Sundararaman completed his M.Sc.(Physics) from University of Kerela, after which he pursued an 
Advanced Course in Physics in BARC training school, Mumbai. He completed his PhD (Physics) from 
University of Bombay. He has been a Senior Scientist in Materials Science Division at BARC for more 
than 20 years and Senior Visiting Scientist at many international places including Hahn Meitner Insti-
tute, Berlin; CEMES, Toulouse, France; Research Centre at Osaka University, Osaka, Japan and Univer-
sity of Cincinnati, Cincinnati, Ohio, USA. Apart from these he has more than 60 publications in Interna-
tional Peer Reviewed Journal

Dr. M Sundararaman
Visiting Professor

Dept. of MME, IIT Madras

Your son was one 
among those who got 
a single digit rank in 
IITJEE, still he opted to 
integrated M.Sc. Phys-
ics. Why?
Dr. Sundararaman: All par-
ents should encourage their 
children to study and pursue 
a carrier in which they feel 
they can excel. That is precise-
ly what I did in my son’s case. I 
had observed that he was 
very good in mathematics, 

physics and chemistry and in fact, he was selected for the nal 
selection camp for International Olympiads in all these sub-
jects at the twelfth standard. Finally, he represented India in 
International Physics Olympiad and proved his mettle. After 
the IITJEE results came he told me that he has proved his point 
and now he would like to study physics. I only made him 
aware of the pros and cons of choosing different elds for 
higher education and encouraged him to make his own inde-
pendent and ‘well thought out’ decision. I believe in the inde-
pendency of every individual. Parents and children live in dif
ferent time zones. The overlap period is rather short. So par-
ents should encourage their children to take their own deci-
sions, experience its consequence and also learn from it. The 
bottom line is that parents should encourage their children to 
enjoy every moment of their action. My way of making my 
children understand a topic is to ask them probing questions 

which guides them to think correctly and arrive at the answers 
on their own.

As a B.Tech student , how should we choose be-
tween going for higher studies and going for a 
job ?
Dr. Sundararaman: Give importance to nancial situation in 
your family. If the situation demands that going for a job is im-
portant, then choose one which will give you satisfaction. 
Greed has no limit but satisfaction has. The ultimate aim is to 
use the acquired knowledge for some application. We ought 
to be making the career out of our choice. It doesn’t exist on its 
own.

What are the future options for metallurgy stu-
dents?
Dr. Sundararaman: Materials form the core of this real world. 
Industries require people with sound engineering skills in ma-
terials science. But there is a limit to their intake in the eld of 
metallurgy. However, if we can expand the eld to study of 
materials (not just to metals) and their applications, then the 
scope is humungous. The challenges lie in nding out newer 
and better efficient ways to tackle sometimes the older prob-
lems.

What should we see in any eld - opportunity or 
popularity?
Dr. Sundararaman: Popularity isn’t impervious to time. 
Always look for something that keeps you enthralled. 

DEPARTMENT
Interview with faculty
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Interview with Dr. M Sundararaman

The motto is to try and excel in whatever you do and enjoy 
every moment of it. 

Students think job opportunity for metallurgy 
in India is less, what is your opinion?
DDr. Sundararaman: If one looks at the core metallurgy eld, 
like steel, India needs a lot of metallurgists in steel plants, es-
pecially in the eld extractive metallurgy and steel produc-
tion. In fact, Government of India is encouraging students to 
take up this subject by providing lot of fellowships. The main 
motto of education in colleges always has been to make stu-
dents think, innovate and produce newer and energy efficient 
processes and products. I feel students would be glad to join 
industries if opportunity for this type of activity is encour-
aged/ practised in addition to production of existing prod-
ucts. One shouldn’t solely depend on placements which gen-
erally cater to those types of job which are essentially run of 
the mill type like in labour market.

Why did you join BARC?
Dr. Sundararaman: In my time, most of the people preferred 
to join a government job or a bank officer’s job after complet-
ing graduation. I didn’t want to follow that route rather I 
thought I should pursue scientic research. At that point in 
time, given the nancial background of my family, it was a 
great risk. I told my father that if required I will take tuitions to 
raise money but I wanted to continue with my post gradua-
tiontion in Physics. In the end, it turned out to be worth the risk 
taken and my life changed drastically afterwards. May be I am 
a lucky one!

What are the qualities one should imbibe to 
become a successful researcher?
Dr. Sundararaman: To be a successful researcher, the basic 
qualities required are 1) the spirit of enquiry, 2) perseverance, 
3) honesty, 4) integrity and 5) conviction. Hard work require-
ment may differ from person to person. You should always try 
to understand things clearly. You should not be biased with 
the expected results and work has to be carried out with a free 
mind. Planning of experiments is very important to get unam-
biguous results and the results should be reproducible. The 
approach you adopt to solve a problem is very important. 

What do we gain by doing PhD?
Dr. Sundararaman: A specic problem is taken for Ph.D 
degree and while you solve the problem you learn how to do 
research and develop the general skill to nd the most appro-
priate approach to solve problems. Research in itself is a chal-
lenge. In routine jobs, the scope of creativity is limited or 
almost zero and you have to do what you are asked to.

Any advice on writing good research papers?
Dr. Sundararaman: You should be very clear about what you 

want to onvey through your publication. The words and sen-
tences should be clearly chosen so that it mirrors what is in 
your mind and the reader also picks up the meaning you in-
tended. It may so happen that the rst draft reects the ideas 
in your mind and the information gained through research 
only partially, but it need not convey the intended message 
with clarity to the reader. To reach that level, may require a few 
draft corrections and the best way to nd aws is to nally 
read your own article before submission, as a critic/ as a re-
viewer. If you are condent, you can request fellow research-
ers who may/may not associated with the work to go through 
it and give their comments/criticism. Generally, this procedure 
is adopted by many scientists.

Any advice for current students?
Dr. Sundararaman: Being away from your parents, this is your 
best chance to learn the ins and outs of life. You learn to 
become self-reliant and develop a real sense of responsibility. 
Be true to yourself. If not, you are cheating yourself. 

  Try to excel in your eld and enjoy what you are doing. 
When one leaves the institute after graduation, one should go 
with the feeling that I have given the best shot. Do not do any-
thing which is just punishing oneself. The students may feel 
the initial courses in Physics and Mathematics to be totally ir-
relevant to their majors. But at a later point in time while work-
ing on some real problems, the underlying fundamentals of 
others disciplines will help you immensely to nd solution.

 Learn on your own: Learning is a self process. Teachers can 
only tell you where to look for and will guide you, the rest is up 
to you. This even applies to class. You need to think on your 
own and come up with answers. Even industries demand you 
to be up to date. Choosing a eld of your interest is rst step 
towards the path to excel in life.

Interview tips every student must be aware of:
DDr. Sundararaman: I can talk with respect to interviews in re-
search institutes. The mandate of the interview committee is 
to a) nd out what the candidate knows, b) judge the capabili-
ty of candidate in a special eld or different elds as much as 
possible in the limited time of, say, may be 45 to 60 minutes or 
more, available to them and c) to select the best candidates. 
Hence it can so happen that the committee may not give an 
applicaapplicant sufficient time to develop answers completely when 
it feels that he knows the subject. Never think that you can 
fool the committee, try to be honest and tell them if you do 
not know the answer. Nobody is expected to know answers to 
all questions. In scientic interviews, members try to judge 
your approach to solving problems and how you apply logic 
and reasoning while answering. Kindly remember that though 
oneone member is asking questions, all committee members are 
judging you when you answer. Do not assume that committee 
members know the answer better than you. Utilize the plat-
form provided to you to exhibit your capability and talent to 
the fullest extent without being boastful. Good luck.

RESEARCH
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Placement Statistics  
B.Tech, Dual Degree, M.Tech, M.S. & PhD Programs
2014 - 2015

B.Tech placement statistics Dual Degree placement statistics M.Tech placement statistics M.S. placement statistics

B.Tech placement statistics:

  The pie chart shows that a total of 66.5% of the people ap-
plying for placements from the B.Tech program were placed. 
From the B.Tech program total of 24 students registered for 
placements out of which 16 students were placed out of 
which 3 students accepted Pre Placement offers. There was a 
considerable reduction in the number of people applying for 
placements accounting for an overall decrement in the place-
ment process among the students. 

 The highest package was 20 lakhs per annum, the lowest 
package was 6 lakhs per annum and the mean of the packag-
es was 12.1 lakhs per annum. The median of the packages was 
11.5 lakhs per annum, which was close to the average, sug-
gesting that there were about the same number of students 
with packages higher and lower than the average. A clear rise 
in the packages accepted by the students was observed. This 
meant that more students were satised with the placement 
process and on the whole the placement team did a wonder-
ful job on the aspect of preparing the students for the place-
ment process. 

 The reason for the overall lack of enthusiasm for opting 
placements can be that more and more students are opting to 
study further, after completing their programs at the institute.

Dual Degree placement statistics:
  A total of 86.8% of the students from the dual degree pro-
gram were placed. From the dual degree program a total of 15 
students registered for placements out of which 13 students 
opted to accept the placements they were offered. The 
number of the dual degree students registering and opting for 
placements however remained about the same with very 
minor changes even with respect to the pay packages. The 
highesthighest package was 13 lakhs per annum, whereas lowest 
package was 6 lakhs per annum. The mean of the packages of-
fered was 9.65 lakhs per annum. Unlike in the case of the 
B.Tech program there was not much change in the mean of 
the packages in the dual degree program. The median of the 
packages was 10 lakhs per annum, showing that there were 
about the same number of people accepting packages above 
the mean as the number of people accepting packages below 
the mean of packages.

M.Tech, M.S. and PhD placement statistics:
 From the M.Tech program a total of 17 people registered for 
placements out of which 10 students were placed whereas in 
the M.S. program 7 students registered out of which 4 stu-
dents were placed. Only one PhD student registered and he 
was placed. There was a marquee improvement in the per-
centage of placed students from the masters programs.
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And, he of course is a high risk taker and that’s about all I 
know. Both are extremely unpretentious, very approachable, 
unlike the big guns in industry, who want to put a shield 
around them. 

InInterviewer: How does Tata group work? I mean 
you are all working ,and veterans in the compa-
ny and somebody like Cyrus Mistry sir, who is 
younger than you becomes Chairman. How 
does that work?
Mr. Bhat: I think the respect for the post is always there in any 
organisation. And younger, older and all is a very Indian thing. 
But if the person doesn’t command the respect that you ini-
tially give, then it begins to deteriorate. Suppose he doesn’t 
care for your experience. See there is a difference between dis-
agreement(I understand what you say, but this is the way the 
world is moving)and disrespect. In a way, he has had to gain 
our our respect. 

Interviewer: Looking back are there some 
things that you regret not doing in the institute ?
Mr. Bhat: Actually in my entire career I’ve had no regrets, in 

Bhaskar Bhat is the managing director of Titan Industries. He is currently working in Bengaluru. He 
was born and brought up in Bombay. We got talking with him, and here's your chance to read what he 
had to say. 

the sense, I've never though had I done this maybe I 
would have been better. I think my only longing, which is 
not institute based is perhaps I could have spent more 
time with my children when they were young. I was in 
middle of building this company, so I was travelling a lot. 
That’s a longing because those were the days you hav-
en’t enjoyed them and them probably also didn’t enjoy 
yyou. Otherwise in IIT, I did pretty much everything I 
wanted to. But, I feel for others who didn’t take advan-
tage of the system lost out

Interviewer: What are your thoughts re-
garding Work-Life Balance?
Mr. Bhat: That’s what I said, in the early days, it is very dif-
cult to strike that balance. At least you people can and 
should achieve that. Work Life balance is something I do 
not like to say. I think Work is Work. Bring Life to work. 
Enjoy your work. 

 The companies also have to try and create such an en-
vironment. I just went to Facebook’s headquarters last 
Monday. They created an environment where there is 
total freedom and because of that productivity has clear-
ly gone up. I’m saying enjoy your work and don’t force 
yourself. Looking forward to work every day can be prob-
lematic, especially if you have a bad boss or if you’re not 
enjoying what you’re doing. If so, give it a little time and 
then quit if you want. Don’t stay. 

 That is the point I was talking about – Bringing life to 
work is a very important part. It is not work life balance. 
It is life outside work and it is Life at work. Therefore 
when people work here for 8-10 hrs , they love the envi-
ronment and it’s not threatening. It’s not that they do not 
go to their family, they equally enjoy it here. And then 
they integrate -  you know the family with the work, not 
ththat the family comes here, but we try to create a culture 
where within the company, it’s a family. 

 Therefore everybody here come to each others rescue 
without even thinking- if somebody is in trouble, or has 
health problems, there will be so much concern and aff-

Interviewer: What has 
been your experience 
in meeting people like 
Ratan Tata and JRD 
Tata?
MMr. Bhat: [My meetings with 
them were] Very rare. I’ve not 
worked for them, so I've only 
had a few interactions with 
JRD and he is very humane 
and humble. Ratan Tata loves 
engineering, specically pre-
cisioncision design, and he loves 
the watch business because 
it’s a manufacturing product. 
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ection around them. Excel at your work – that itself is enjoy-
ment, but that shouldn’t become the whole of your life. Living 
at work is what I’m talking about. I’m not a different person at 
home or here. I still crack jokes, I still talk, and I go to same 
toilet where everyone else goes. Because If I stop doing that, 
then I won’t enjoy my work.

Interviewer: Sir, you came up through a long 
journey of corporate hierarchy, what do you 
think is your success mantra?
MMr. Bhat: I think it is that I never looked for success. I never 
looked for money. Not even once in my last 35 years have I 
gone and told my boss that I am getting less than what I de-
serve. I just say I get what I deserve, and don’t complain that 
somebody else got more and I got less. Over a period of time, 
it is your value which is more important. So, your value must 
be higher than your price, only then will your organization 
ttreat you as an asset. So what is your value? It is a combination 
of the work you do, the attitude you bring to work and the 
things you do beyond your work. Value is not just the efficien-
cy of the output. Wherever I was I kept the institution higher 
than myself.

Interviewer: At the top level, what is day to day 
work like?
MMr. Bhat: The most important work I have to do is to keep the 
culture that we have chosen alive, and to make sure that the 
leadership of this company behaves like that. But the hard 
core work is to be on the top of the nitty- gritty, that is even if 
you don’t do the nitty-gritty, you have to understand it and be 
fully present, and you have to put in effort. How does the 
prot in the Jewellery business come? At the product level, at 
thethe store level, at the people level, even if you don’t know the 
number, you should know the process by which that number 
is achieved. You don’t need to do it everyday, but you should 
be constantly aware of what’s happening. Efficiency for exam-
ple, is another concern. The bigger job is the strategy – how do 
we become more differentiated, more desirable, how do we 
create elevating experiences for more people. We need to be 
cconstantly exploring for new avenues. Go nd out young cus-
tomers who are not buying jewellery and gure out why they 
are not buying jewellery. Is there a big size of population there 
that you may have closed your eyes to? All these are questions 
that we need to answer.
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"Be humble in all situations. Your life after college is going to be different but equally enriching. Then 
one must not try to change it to suit his previous college lifestyle rather one must adapt to the new en-
vironment. On leaving college you must leave all your life’s baggage there itself. Yes it has brought you 
to where you are then but what you will become is decided later on only. From then on it is a complete-
ly clean slate. So always have your humble nature with you."

R Natarajan is the Executive Vice President of the Corporate Technology Centre of Tube Investments of 
India Ltd. He is a Metallurgical Engineer from IIT Madras .He has close to 30 years of experience and 
has worked in technical projects and manufacturing roles at TI Diamond Chain. He started his career 
with Tube Investments of India Ltd as a Graduate Engineer Trainee in 1981. He was instrumental in set-
ting up the Corporate Technology Centre for TII in 2002 and also played a pivotal role in TII becoming 
a member of an International Steel Consortium. He has been closely associated with IIT Madras in car-
rying out research work in emerging eld of Nano Functional Materials. He has published more than 
10 technical papers to his credit. He is on the evaluation committee of IIT- Madras for B.Tech project 
programs and also on the board of governing council of AU-FRG centre for CAD/CAM at Anna Universi-
ty as an Industrial Member

How and why did you pursue Metallurgy at IIT 
Madras?
MMr. Natarajan: To be honest, I didn’t have any prior knowl-
edge of what metallurgy entailed. With the All India Rank I got, 
I got an option of choosing Civil or Metallurgy. Between these 
two I chose metallurgy. Also my elder brother was pursuing 
metallurgy at IIT Madras then. Even though he wasn’t a great 
reference as such I continued with metallurgy. However now I 
have no regrets about it. I have since loved this subject, in fact, 
mmy best performance was from semesters in pure metallurgy. 
I would attribute this signicantly to the quality of professors 
back then. This is not to demean the current faculty. They are 
also pretty good guys. However we were fortunate to have 
eminent metallurgists like Prof. E.G.Ramachandran, Prof. Srini-
vasa Raghavan and Prof. Vasudevan. Nobody would bunk 
classes since all the lectures were great experiences. We were 
literally spellbound during their lectures. I am sure present 
faculty are also very good but our professors were eminent in 
the eld. In any forum if we were to mention them, people will 
stand up and take notice.

How was the department’s engineering culture 
during your times? How do you think it is now?
Mr. Natarajan: I am not entirely sure of how the department 

currently functions. Our batches were only 20 in strength. 
Hence laboratories were greater fun. We were in 5 year BTech 
program, so we never came to the department for our rst 
two years. After that we had around 25 courses of metallurgy. 
For instance physical metallurgy was a 3 semester long pro-
gram. So our foundations were more stronger. As far as the 
environment goes, we didn’t have relative grading so there 
wwas a lot of discussion amongst us. Before the exam amongst 
other things we will also discuss about the subject in hand. 
There was no peer pressure as such. Education in IIT happens 
more outside the class for example you learn a lot of new 
things living with intelligent and cosmopolitan crowd of the 
institute.

What is your key take-away from life at Insti?
Mr. Natarajan:  I learnt to be independent, take decisions 
and take responsibility for your actions. I learnt to be a very 
passionate guy. By the time I came out I learnt to take deci-
sions independently. 

 What the Institute thought me is humility.  I have seen 
very intelligent guys being very humble. This humility shall 
help all through one’s life. For example you might have to get 
down and do your work especially in the industry. During 
such times you can’t sit on the high horse and say that is not 
how you do it.

21ALUMNI

Mr. R. Natarajan
INTERVIEW
Executive Vice President
Corporate Technology Centre
Tube Investments of India Ltd.

ALUMNI



22ALUMNI

Interview with Mr. R. Natarajan

How has life been as a metallurgist over the 
years?
Mr. Natarajan: I have thoroughly enjoyed it till now. I would 
proudly say that in the metallurgy community in this area I 
have a good reputation.

HHow should current students take a call on what 
specialisation they need to pursue their higher 
studies?
MMr. Natarajan: PhD in my opinion should concern on enhanc-
ing processes or on paving way for new products. There are a 
lot of problems that the world faces. For example in the auto-
motive space, people focus in emission reduction, safety 
standards, fuel efficiency etc. through various approaches like 
electric, hybrid vehicles, weight reduction while maintaining 
safety and so on. So we need to choose areas which attack the 
key problems in each sector. For example, we can use materi-
als like aluminium however it has poor fatigue resistance. So 
our research should focus on how to improve its endurance 
capabilities. If not you will probably just be doing slight ad-
vancement in existing technologies which will also fetch you a 
degree but not the real satisfaction of doing new things.

Is a PhD necessary to pursue a career in the core 
industry?
MMr. Natarajan: It is not absolutely necessary. However the 
current 4 year BTech curriculum doesn’t go through the 
depths necessary and hence some level of further specialisa-
tion becomes necessary. For example BTech guys now go into 
IT, nance and consultancy. It just means you are a jack of all 
trades and a master of none.

Why is entrepreneurship comparatively tougher 
in the core areas?
MMr. Natarajan: The single answer is risk. It is the risk of loss of 
capital which hinders start ups in the core area as it is very cap-
ital intensive. One remedy would be to take the help of your 
institute itself, for example if you have a start up focusing on 
new technologies like fuel cells, non conventional energy etc. 
they will denitely fund your venture.

What should students do now in order to do a 
PhD?
MMr. Natarajan: You should be clear on why you want to do a 
PhD. For example experiments can go haphazard and things 
might not go as expected so you should be strong in your goal 
and commitment to pursue your chosen eld. During your 
curriculum you would start to like a few topics. You should ex-
plore such avenues and nd places which interest you. After 
that you need to contact professors who have done some re-
search in this area and collaborate with him to do some re-
search.

On a nal note, would you like to provide any 
advice for students currently pursuing metalur-
gy?
Mr. Natarajan: I would like to reiterate my point again. Be 
humble in all situations. Your life after college is going to be 
different but equally enriching. Then one must not try to 
change it to suit his previous college lifestyle rather one must 
adapt to the new environment. On leaving college you must 
leave all your life’s baggage there itself. Yes it has brought you 
to where you are then but what you will become is decided 
later on only. From then on It is a completely clean slate. So 
always have your humble nature with you.
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Dr. Amol Gokhale
Director, DMRL Hyderabad

Dr. Amol A. Gokhale  took over as Director of Defence Metallurgical Research Laboratory (DMRL) in 
February 2013. Ever since he joined the DMRL (part of DRDO) in Hyderabad in 1985, Dr. Gokhale has 
been involved with the development of light alloys, metal foams and high temperature materials for 
aerospace and defense applications.  Dr. Gokhale has 90 publications, 25 technical reports and one 
patent to his credit, and has given more than 50 invited talks in various forums. He has co-authored A 
book titled “Aluminum Lithium Alloys: Processing, Properties and Applications”

How did you end up in 
DMRL ?
DDr. Gokhale: Like everyone 
of you I wrote the JEE exam. 
At the time of counseling, I 
had no idea about details of 
subjects that were taught in 
various branches. In those 
days, electrical engineering 
waswas considered to be the top 
branch, followed by mechani-
cal engineering. My JEE rank 
was not high enough to get 
me these branches.  Besides, I 
was interested in an engi-

neering branch that had more scientic component, and felt 
that metallurgy possessed that attribute. As I completed more 
and more courses in metalllurgy I started liking the subject. In 
our nal year I appeared for few job interviews but was not  
satised with the nature of work I was expected to do.   While 
I wanted to practice metallurgy, the jobs appeared to be man-
agement oriented. Therefore, I started to apply for universities 
ffor higher studies, and got scholarship in 2 or 3 universities, in-
cluding the University of Pittsburgh. In those days, Pittsburgh 
was well know for metallurgy due to few prominent steel and 
aluminium industries based in the city, and I chose to join the 
University of Pittsburgh. Even while I was pursuing my MS at 
the University of Pittsburgh, it was not obvious that I would 
pursue the graduate studies further towards Ph D.  Later, I felt 
stopping at M.S. would be a half hearted effort and doing PhD 
will complete my quest, and the best chance to do it was then 
and there, and hence I did it.

 I used to chat with my friends in the US, and as I wanted to 
come back to India they advised me to apply to organisations 
like DMRL, BARC, NML, IGCAR and some industries like Tata 

Motors. I got positive response from DMRL and RRL Bhopal 
when I was in US, but someone advised me to visit all the 
places before joining anywhere. Though I liked DMRL and the 
then director Prof P Rama Rao told me that DMRL was the only 
place where entire gamut of Metallurgy was practiced, and 
that all facilities existed 'under the same roof', I went around 
the country and visited few potential employers, gave lectures 
etetc.  At the end, I was convinced that DMRL was THE place for 
me, one of the best decisions I took in my life.

 Exactly as Prof Rama Rao had mentioned, in DMRL one can 
see Metallurgy being practiced from start to end in a range of 
materials. Right from electron microscopes and 3-D atom 
probe to full- edged industrial equipments for melting, cast-
ing, forging, rolling, powder metallurgy, heat treatment, me-
chanical property evaluation …., everything is available. An-
other important resource at DMRL is its human resource.  If 
you get stuck somewhere, you can nd enough people to 
brain storm and nd a way forward.  When I joined, many sci-
entists at DMRL had foreign degrees and experience, who 
helped me in getting assimilated with DMRL fraternity.  

 A professional researcher wants to explore science and 
technology as well as solve real problems faced by user agen-
cies.  As part of the DRDO family, DMRL is expected to estab-
lish technologies by which advanced alloys are developed 
and productionised to meet requirements of aeronautical, 
naval and army platforms.  So there are numerous elds of 
metallurgical R&D to choose from.  When I was in the US, 
people told me that in India one spends too much time push-
ing les.  This is partly true since in Government establish-
ments, one deals with public funds, so there are more checks.  
But let me tell you that even in Government organizations in 
the US or Japan, similar paper work exists.  So, it has more to 
do with Government vs. private sector rather than US vs. India.  
Having said that, I feel things are changing, and office automa-
tion will reduce the cycle time in procurements and adminis-
tration.

Dr. Amol Gokhale
Director, DMRL Hyderabad
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Interview with Dr. Amol Gokhale

What is the scope of materials research in de-
fence?
Dr. Gokhale: I like to describe materials as a 'keystone' for de-
fence technologies because without materials, designs will 
remain on paper, and not become reality. If India were leading 
in design and development of cutting edge platforms and 
weapons, materials development could become an integral 
part of system development, where design and material capa-
bilities inuence each other.  Unfortunately, due to the lag in 
our preparedness compared to advanced countries, we try to 
indigenize systems that are already existing elsewhere, thus 
pre-deciding the materials that are needed.  In order to cope 
with global competition and related time lines, we have to 
compromise on the quality of research. In DMRL, about 30% 
resources are devoted to bottom- up research where  scien-
tists can do original research and publish their work in peer re
viewed journals.  Remaining efforts are spent on top- down 
projects where DMRL becomes part of a larger programme 
team at DRDO level, and where translational research be-
comes important.  In the latter case, the technologies need to 
be established at pilot or commercial scale so that there is as-
sured availability of materials for the programmes.  Various 
naval steels, nickel and titanium alloy aero-engine compo
nents, rare earth permanent magnets, tungsten  heavy alloy 
penetrators, raw materials like titanium sponge etc are exam-
ples of technologies where pilot or industrial scale technolo-
gies have been established by DMRL or are being established.

What is the scope of entrepreneurship in de-
fence and materials eld ?
Dr. Gokhale: I think the time has come when we start involv-
ing industries in Defence R&D, specially small scale industries, 
because of tremendous innovation potential and agility with 
which these sectors can deliver. I am not sure how small com-
panies get funded directly from the Ministry of Defence for in-
novations in cutting edge technologies.  However, it is possi-
ble to partner with DRDO labs, and procedures to ease the 
process are emerging.  As far as routine components are con-
cerned, it is  off course possible to become a defence supplier.  
 

Scope of entrepreneurs in materials apart from 
defence?
DDr. Gokhale: Materials technologies are capital intensive and 
more difficult to start.  However, advanced materials known as 
'function materials' (magnetic, optonic, electronic etc) do not 
require large equipments or manpower to produce.  Hence, it 
is possible to have good entrepreneurship possibilities in this 
sector. 

  Many IITians have started companies dealing with technolo-
gies, even beyond small scale.  Most IIT's have incubators that 
train potential entrepreneurs and provide initial logistic sup-
port till the start ups mature.  

Scope of overall materials science in India be-
cause not many people return to India after 
doing their PhD abroad?
Dr. Gokhale: Materials science is a growing eld not just be-
cause of traditional metallurgical materials but because of  the 
new age functional materials.  If 'Make in India' programme 
succeeds, many MNC's will set up rms in India to produce 
materials and components for the world, requiring large 
number of qualied metallurgists.  Also, all intelligent systems 
need functional materials and this sector is bound to explode 
in sin scope and size.

 As far are materials engineers are concerned, they need to 
broaden their skills so that companies think of them for varie-
ty of jobs and not replace them by other engineers.  Metallur-
gists tend to forget subjects like numerical mathematics, 
transport processes, solid mechanics, instrumentation soon 
after their graduation, thus reducing their versatility and utili-
ty.  The important thing is to have self condence in your sub
ject and trust in the institute where you are studying.  If you 
imagine your career after 10-15 years, career in core subject 
will be much more rewarding and stable.  The stability, which 
is important in later years of life, comes from the unique sub-
ject specialization you possess. In IT or banking sectors, 
almost everyone is at par, and one may become easily replace-
able
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Dr R Krishnan
Future of nuclear energy in India 
Director (Rtd.), GTRE, Bangalore

Sir, you started as a 
physicist and then 
later you became a 
metallurgist, we want 
to learn about this 
journey.
DDr. Krishnan: I did my Physics 
Honours from St. Josephs 
College, Trichy and then I did 
my MSc in X-Ray crystallogra-
phy with Prof. G.N.Ramachan-
dran, in the Dept. of Physics, 
University of Madras, located 
at AC college of Technology. I 

joined the rst batch of the training school of the then Atomic 
Energy Establishment Trombay(AEET), now renamed as BARC. 
At the end of the training, I was posted to work in Neutron Dif-
fraction, in the Physics Division. One week before joining the 
Physics Division, Dr. Raja Ramanna asked me to meet Dr 
Brahm Prakash, the head of Metallurgy Programme, who was 
looking for somebody with a crystallography background. 
AEAEET was building a research reactor called CIRUS with Cana-
dian collaboration. Dr. Homi Bhabha had decided that half of 
the fuel elements required for the CIRUS reactor should be 
made in India. Uranium ingots had to be melted and rolled 
into a rod. We needed to give the rods a randomised orienta-
tion so that they would not grow under radiation in the reac-
tor. I was asked to to help in evaluating the texture of the 
tallic uranium fuel rods fabricated by Project Faggots (now 

known as the Atomic Fuels Division). I agreed to join the Met-
allurgy division and thus I was the rst physicist to join the 
metallurgy division in BARC. 

 The normal behaviour of metallic uranium fuel element 
with random texture is to grow a little, which is accommodat-
ed in the design. Our indigenous fuel elements were behaving 
well in CIRUS, much to the surprise of Canadians. But when we 
started getting natural Uranium from Jaduguda Mines and 
made the fuel with the same ow sheet and fabrication sched-
ule, the fuel rod started shrinking in the reactor. This was very 
dangedangerous as it bows and blocks the coolant passage. I 
checked the fuel and found that the texture had changed be-
cause our uranium was pure compared to the imported one 
and as a result, the texture had changed. After nishing the 
beta treatment operation, I suggested that we give about 4% 
cold work to the fuel element so that the new texture will lead 
to a growth. After they tried that, the material neither grew 
nor shrank. I was very happy that my background in crystal-
lography had been useful.

 After the X-Ray metallography work, Metallurgy division 
procured an electron microscope Siemens Elmiskop I. We 
didn’t have a clue about how to prepare an electron transpar-
ent sample at that time. Hence, we had to learn from scratch. 
A couple of my colleagues joined the group and we started 
phase transformations and structure property correlations on 
a wide variety of Zr and Ti alloys and steels. A SEM was pro-
cured in 1974. The structural metallurgy group had estab-
lished a name not only in India but in international circles also. 
Later on I became the Head of Metallurgy Division at BARC. I 

"Focus not just on publications alone but also on the applicability of research which you are doing. 
Keep that in focus and the country will benet."

DDr. Krishnan was Director of the Naval Chemical and Metallurgical Laboratory (NCML) of DRDO at 
Mumbai and initiated several programmes on naval engineering materials. He was Chief Controller, 
Defence R&D Organization (1988-90). Later he was Director of the Gas Turbine Research Establish-
ment, DRDO, in Bangalore. Dr Krishnan is a recipient of INSA Brahm Prakash Memorial Medal (2001), 
and Life Time Achievement Award by Ministry of Steel and Mines (1977). He was President, Indian In-
stitute of Metallurgy (IIM) (1993-94). He is a Fellow of the Indian Academy of Sciences, Bangalore; Na-
tional Academy of Sciences (India), Allahabad; Indian National Academy of Engineering; the Aeronau
tical Society of India and the Astronautical Society of India.

Dr. R Krishnan
Director (Rtd.); GTRE
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Interview with Dr. R Krishnan

was elected President of the Indian Institute of Metals in 1993 
and now I have been conferred with the ‘Life time Achieve-
ment Award’. I feel the transition from a physicist to metallur-
gist has been a happy one in my case. 

What is the future of Nuclear energy in India, 
and as metallurgists what role do we have or 
how do we contribute?
Dr. Krishnan: Nuclear energy is a form of clean energy. It’s not 
like fossil fuel which pollutes our environment. Even though 
renewable energy sources are there, they constitute only a 
small proportion of the energy generation in our country. 
They’ll undoubtedly catch up, and grow. But right now, the 
economics is against the utilisation of renewable energy due 
to increased cost per kWh. 

  Now let us look at nuclear. We denitely need to have natu-
ral uranium resources, which, due to our lack of focus on 
mining, are not plenty in our country. What we do is import 
natural uranium and make the fuel elements. There have been 
obstacles in getting any assistance since our rst peaceful nu-
clear explosion carried out in 1974, Another major problem 
which one faces is not that of accidents occurring or things 
likelike that, but related to radioactive waste management. They 
need to be contained, and also processed. It is because of this 
adverse impact of nuclear waste and the possible mishaps 
that can occur, that there is a push to throttle the nuclear pro-
gram all over the world. (Germany has banned nuclear power 
production). But the correct solution would be not to just give 
up, but to nd out suitable techniques of consolidation and 
geological containment of radioactive waste. If that can be 
done, then we can bury it for say a 100 years or so , after which 
the radioactivity comes down almost to the level of naturally 
existing uranium mineral. But convincing the general public 
that we have solutions, that we are taking care, is the major 
problem. We do know of agitations in Koodankulam and in 
other areas. 

 What is required is to educate the people on the pros and 
cons of the project, and convince them. The advantage of nu-
clear energy is that you can construct huge reactors of 1000 
MW, 1500 MW capacity, maybe 5 or 6 of them, and create a 
cluster of 10000 MW electricity generation relatively easily. 
But doing the same with wind or solar energy is not very feasi-
ble. This is due to problems like high setting up costs, and also 
the difficulty in storing the energy produced. The MIT group is 
working on the liquid metal electrode batteries and this could 
certainly bring down cost compared to your Li electrodes or 
other conventional electrode materials. But not much work is 
being done in this area in our country right now.

 So nuclear energy remains one of the most viable options 
for energy generation in our country. In fact Jayaram Ramesh 
had opined that we should not neglect nuclear energy, and 
should aim to raise it from the current 3.5% to around 10 to 

15% of the total electricity generation.

At different levels you were heading many re-
search Labs. Could you tell us about your experi-
ence.
Dr. Krishnan: I was Head of the Metallurgy Division in BARC 
when Dr. V. S. Arunachalam asked me to take over the Direc-
torship of Naval Chemical and Metallurgical Laboratory 
(NCML, now rechristened as NMRL) in Bombay. So, I joined 
NCML and found it was oriented more towards chemistry than 
metallurgy. 

 NCML was involved in solving the day to day problems 
which the Navy was facing, and lacked research. I started 
changing it. I started working on steels & some of the marine 
alloys. I also worked on PZT materials, which are used in 
sonars. Three of my colleagues got their PhDs during my 3 year 
tenure at NCML. 

  Then I moved to Delhi as Chief Controller R&D. There I was 
looking after 26 labs of DRDO. It was more of an administra-
tive job. 

 Then after a couple of years as CCR&D, , I took the position 
as Director GTRE, Bangalore, where 50% of the problem is re-
lated to high temperature materials, particularly the super-al-
loys. Residual stresses were to be gradually decreased, so that 
the dimensional distortions do not occur. By heat treating it 
at high temperature, and then gradually bringing it to room 
temperature, we were able to achieve dimensional stability I 
remained as director of the lab for 6 years. My experience also 
made me realise that a metallurgist could also contribute to 
the jet engine program of the country.

What is the scope for metallurgy and material 
science in India and what are the specic elds 
or research sectors that we have to focus on?
Dr. Krishnan: My opinion is that nanomaterials is something 
which is very exciting and needs to be developed and ex-
ploited fully. Exploiting doesn’t mean publishing just a few 
papers or tweaking some compositions here there. I want ul-
timate products, which are economically viable and which 
can be used by the society at large. 

 The Queensland Technological University in Australia is 
working on how nano powders of certain materials can be 
used to selectively absorb certain radioactive species. Should 
there be a radioactive leak and if our water sources get con-
taminated, can I use a nano materials to absorb that active 
waste so that the general public is not put at risk? This is the 
kind of work that we need to be doing. We need to look at so-
cietal applications rather than just publishing papers, and I 
can assure you from my own experience, that doing such 
work is much more challenging and rewarding. 
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Interview with Dr. R Krishnan

I became a Fellow of all the science and engineering acade-
mies in the country, but I was happier when I solved problems 
like that of the fuel element in the reactor or in solving the 
problems faced by the Nuclear Fuel complex in meeting the 
specications of Zircaloy fuel tubes and calendria tubes. Using 
the research experience that we had, we were able to solve 
these problems and that gave me immense satisfaction.

 It is also high time that we move forward in Integrated Com-
putational Materials Engineering (ICME). I have been follow-
ing this subject for the last 4 or 5 years and am aware of what 
is going on. The Ford motor company introduced a new alu-
minium alloy within 3 years of its initiation while it normally 
takes 10-12 years. We need to spread the culture of ICME in 
various institutions, and see how effectively we can predict 

the behaviour, the composition, and the ultimate utilisation of 
the material. 
 
MMeta materials with their great optical properties are another 
area which could come in a big way, but I cannot hazard a 
guess now as to its future (maybe there is an invisibility cloak 
already in existence somewhere ). The younger generation has 
a lot more challenging opportunities than I had.

Sir, any message you want to give to young met-
allurgists?
Dr. Krishnan: Focus not just on publications alone but also on 
the applicability of research which you are doing. Keep that in 
focus and the country will benet.
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Mr. Sajjan Jindal
Hear it from the horse’s mouth
Chairman, Managing Director of JSW Steel 

In your opinion, what 
changes should be 
made to the academic 
curriculum, so that stu-
dents of engineering 
are better prepared for 
the industry?
Mr. Jindal: Being a person 
from an engineering college, I 
know that interaction with 
the industry is extremely im-
portant. Only that can give 
the students the exposure 

they need. Academic institutes should tie up with large indus-
tries, and should spend more time solving industry related 
problems.

 This is a win-win situation for both the students and the in-
dustry – the industry gets to use the brightest and youngest 
minds and students get to experience everything hands-on. 
So, in my opinion, increased interaction with industry could 
really help change the perspective of students.

What are the challenges that steel industry is 
currently facing and how can the next genera-
tion help overcome these?

Mr. Jindal: As the current steel minister recently mentioned, if 
we aim to become a 300 million tonne producer, the only way 
forward is research and development. For this we will need to 
make a giant leap from the technology that is being used 
today. So whether it is today or ten years from now, engineers 
are going to play a crucial role in nation building. But to make 
ideas like ‘Make in India’ a reality, we need to really involve the 
youngeryounger generation. I have great faith in our youngsters and 
am sure that they will lead India into the future.

What is your message to all the young entrepre-
neurs and metallurgists out there?

Mr. Jindal: All I have to say is that there is a huge spectrum of 
opportunities for young metallurgists and young engineers. 
India is going to grow in a very big way in the next one or two 
years, and this is sure to open up even more opportunities. So 
there is a lot to look forward to for the youth of India.

"To make ideas like ‘Make in India’ a reality, we need to really involve the younger generation"

A mechanical engineer by training, Mr. Sajjan Jindal has been instrumental in transforming the func-
tioning of the Indian steel industry with his progressive engagement of all stakeholders in the devel-
opment process at JSW Steel.Mr. Jindal’s visionary spirit has found credence and acclaim in awards 
such as the Willy Korf/Ken Iverson Steel Vision Award which was awarded to him at the Steel Survival 
Strategies XXIV Conference for elevating JSW Steel amongst the selected few global steel producers

Mr. Sajjan Jindal
Chairman, MD of JSW Steel
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