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Use of Materials over ages
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Indian Materials Heritage

« Dancing Girl, Mohenjadaro
 Wootz Steel

« Delhi Iron Pillar

e Zinc Extraction

 Chola Bronze Icons
 Kerala Bronze Mirrors
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Berne Historical Museum, Switzerland (produced by the Rustless

famous blacksmith Assad Ullah in the 17th century) Wonder

M. Reibold, P. Paufler, A.A. Levin, W. Kochmann,

N. Patzke, D.C. Meyer, Nature, 444, 2006, 286.

" Y- . . Demascus
Many of the advances in the sciences that we consider

today to have been made in Europe were in fact made in Sword

India centuries ago." (Wootz Steel)

- Grant Duff, British Historian of India



Materials-Processing Pyramid

* What is the strength-to-
density ratio?
Performance | « What is the formability?
Cost * How does this relate to the
crashworthiness of the vehicle?
s What is the cost of fabrication?

A: Compositions

» [ron-based?

* Aluminum-based?

= What alloying elements
should be used?

= What quantities?

C: Synthesis and processing
= How can the steel making be
controlled so as to provide a high
- level of toughness and formability?
' = How can acrodynamic car chassis
be formed?

B: Microstructure

* What features of the structure
limit the strength and formability?

* What controls the strength?




The Air Craft Alloy - The Accidental Discovery:
The need for Higher Resolution

* Wilm in 1903
* First Aerospace Aluminum Alloy - Duraluminum
* The Wright Brothers Aircraft Crankcase




urge to see Inner World

The First
Compound
Microscope
(circa 1595)

Microscopy




Can We See Small Things ?
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Quasicrystals: Nobel Prize (2011)
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D. Shechtman, I. Blech, D. Gratias, and J.W. Cahn
Physical Review Letters, 1984, 53, 1951.
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High Strength Light Alloys through Grain Refinement
& Modification for Automotive Applications

Without Grain
Refinement/Modification

With Grain Refinement
and Modification

(1M13+ 0.02Sr) (5min) | |etiegi st




High Strength In-Situ Al-4Cu-TiB, Composites
for High Load Bearing Automotive Applications

Alloy/Composite As Cast Peak Aged

UTS, | 02% | %El | UTS, | 0.2% | % EI.

MPa YS, MPa YS,

MPa MPa

Al-4Cu 117 108 11 276 216 21
Al-4Cu-2.5TiB, 196 171 23 284 230 23
Al-4Cu-5TiB, 232 208 20 297 252 22
Al-4Cu-7.5TiB, 260 220 18 334 270 18
Al-4Cu-10TiB, 290 230 15 383 280 19

Animesh




Functionally Graded Al based in-situ Composites
for High Wear Resistant Automotive Pistons
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Al Foams for Light Weighting
and Energy Absorption
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Ancient Nanotechnologist
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The First Nanotechnologists

Ancient stained-glass makers knew that by putting varying, tiny amounts of goki and silver in the
glass, they could produce the red and yellow found in stained-glass windows. Simdarly, today's

scentists and engineers have found that it takes only small amounts of a nanoparticle, precisely
placed, to change a material’s physical properties

Gold particles in glass

Size*: 25 nm
Shape: sphece
Color reflected:

100 nanometers =
0.0001 milineter

Size*: 50 nm
Shape: sphere
Color refiected:

Size*: 100 nm
Shape: sphere
Color reflectod:

O

Had medieval artists been able 10 control the size and
shape of the nanoparticles, they would have been able
to use the two metals to produce other colors. Examples:

Silver particles in glass

Size*: 100 nm

‘ Shape: sphere
Color reflected:
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Nano Aerogels: The super materials

Prof. A.R. Kulkarni

IT Bombay 15 mgs of CNT-silica aerogel

Supporting 7.5 Kg load




Routes for the Preparation
of Nano Materials
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High Strength Al based Nanocomposites

Aly,V,Fe, Alloy
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Stress (MPa)

Nano Steel with Exceptional Toughness
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Nano Coatings Prakash

Nanocoating Sample Hardness
on Ladle condition VHN
refractories, Uncoated 48
Vizag Steel Nano Coated 781
Plant

Nanocoating for
self cleaning glasses, ARCI

Murugan, ARCI
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Mechanical Alloying

d Deformation
O Fracture
O Cold Welding




Nanocrystalline Phases by High Energy Ball Milling
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Nano in Extractive Metallurgy  Sintering of Nano Tungsten
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Exceptionally Strong In-situ Nanocomposites

Hardness, GPa
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High Strength Conducting Cu Based Nanocomposites
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NIAl and FeAl — 10 Al,O, Nanocomposites
Udhayabanu
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ODS Steels for Fast Breeder Nuclear Reactors
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Local Electrode Atom Probe

5000X XR (Reflectron system)



Atom Probe Tomography Principle

Reflector

R ~50 nm
T~ 20 to 100 K
lon sequence:

Voo L Xy, Y4, TOF,
I
1 Xy Yo, TOF,
X3, Y3, TOF,
X4 Y4, TOF,
Detector impact position — X-Y coordinates
. Evaporation sequence — Z coordinate X, Y5, TOF;
Position Time-of-flight — chemical identity
sensitive

detector

Pradeep



APT of Bulk Nanostructured Ferritic ODS Alloys
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High-Entropy

High Entropy Alloys
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Uniform elemental distribution in CoCrFeMnNi HEA
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AICoCrCuFeNi Cast HEA

Sheela &

John Banhart

Helmoltz
Zentrum, Berlin
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Fig. 4 Three dimensional reconstruction of Al, Cr. N1, Co, Fe and Cu atom positions in
an analyzed volume 9 5x9 5x93nm’ of as-cast AICuCoCrNiFe high entropy alloy. The
symbols for different atoms are Al@ Ni:@ .Cr: ®,Co:® .Fe: @ and Cu- @



CoCrFeNi: MASPS vs. Casting Ragg;k%agnﬁjggﬁ;ic,

- Cast B*
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Mechanical Properties
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HV 3kqt OF AICOCTFeNI
Coating: 4.13 + 0.43 GPa
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Can a binary intermetallic destabilise due to
high entropy by multicomponent substitution
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Functional Nanocomposites with Exceptional properties

150 JLome:
— Sm,Co,. - 5% FeCo @ - 35000 | o -
&) o
E 100+ 3 f:’ 30000 F = 500
c [ 1
L 1, . o
S 50+ 1 g 25000 E 001
S 0 o 20000 % il
E / E 15000 L Ty
= -501 1) as cast Sm.Co g e é 200+
c 2) as milled FeCo 10000 |+
& -100 3) composite oy
= 5000 |- :
'150 T T T T AT A
L T S T 300 400 500 600 700
Magnetic field (T) Temperature (K)
Sreenivasulu Parashar

{1 y}BaTIO +yN| Ca Fe O [x=0,2mol%)

198 4
—m—x=0
—0—x=2

\f

20 40 60 80
wt%y

Sreenivasulu




Thank

Ou



