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Materials Science and Engineering = ga

Structure

v' Subatomic
v' Crystal

v" Microstructure
v" Macrostructure

Performance

Phase Transformation in Materials

— - o y ! Il' ‘

/

Processing

v’ Sintering

v' Heat treatment
v" Thin Film

v' Melt process
v" Mechanical

Properties

v" Mechanical
v' Electrical
v' Magnetic
v Thermal
v" Optical

WP Nano & Flexible
i ) :
s Device Materials Lab.



Materials Science,
Materials Engineering

+» Materials Science

v" Investigating the relationships that exist between the
structures and properties of materials

“* Materials Engineering

v" Designing or engineering the structure of a material to
produce a predetermined set of properties

¥ Nano & Flexible

Phase Transformation in Materials W5 Device Materials Lab
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Materials Science and Engineering & .

S3(13=)

: Processing
+ method

Strength

i

\G .\ - b—/v
> x| ‘ \Y &P ; :
Dl k" 41— truomre Deformation Qpen/y % gl (%,I\i)

(BARAEH)

FIGURE 1-8 The three-part relationship between structure, properties, and pro-
cessing method. When aluminum is rolled into foil, the rolling process changes the
metal’s structure and increases its strength.

& Nano & Flexible

Phase Transformation in Materials iy ) X
Fi¢t Device Materials Lab.



One of the Most Popular Structural Materi:

. Iron-Carbon Alloy (or Steel) -~ N

Steel frame of building

Phase Transformation in Materials



Need of the strongest materials

Nano & Flexible
Device Materials Lab.

Phase Transformation in Materials



Dominant Material for Airplanes &0 |

- Aluminum Q”O}' .

B737-800 of Korean Air

*_ | m xi k L

Need of light, strong and tough material

‘Ei Nano & Flexible

e

* Device Materials Lab.

Phase Transformation in Materials



Strength of Materials

Ceramics
80 | >10000
Porous ceramics
10 | 1100
Glasses
212 ] 440
Metals and alloys
4 3000
Woods and wood products |
0.4 80
Composites
50 [ 1600
Polymers
5 80
Rubbers
2| |30
Polymer foams
<0.1 10
1
I
0.1 I 10 100 1000 10000
- Weak STRENGTH (MPa) Strong —=

Phase Transformation in Materials

%! Nano & Flexible

Device Materials Lab.



Period Group

Periodic Table of the Elements
Q@KCsiznaa |

1 18
(1A 3}3to] 2 F3E ¢ FE=24 (VIIIA)
Current ACS and IUPAC preferred.

2 13 14 15 16 17
1s! (11A) a (A) (IVA) (VA) (VIA) (VIIA) 1s2
Mass number of most 5 Atomic Atomic weights are based on carbon-12. T~
stable or best-known Symbol o number Atomic weights in parentheses indicate the 8 N 7 o 8 F 9 m 10
2 isotope P Oxygen Name most stable or best-known isotope. Fluorine Neon
Bpass of the isotope of woiahi | 15004

longest half-life 2822p4

Electron
arrangement

5 - Transition elements >

3 a4 5 6 7 8 9 10 11 12
(ne) (IVB) (vB) (vIB) (ViIB) | (viB) | (1B (1)

s |3g10asea
Xe =
131298
4910557500
86
Radon
ez
| 4045065769 |
[ IMetal [ ]Semimetal [ |Nonmetal

Inner transition elements

Lanthanide series ;

Actinide series "‘.;

Nano & Flexible
Device Materials Lab.




Bonding

“*primary bonding
v" ionic bonding
v' covalent bonding
v metallic bonding

“*secondary bonding
v van der Waals
v" hydrogen bonding

10 Phase Transformation in Materials




T—

s Occurs between + and - ions : L .
. lonic BondiRg

* Requires electron transfer .

s Large difference in electronegativity required |

< An ionic bond is created between two unlike atoms with different
electronegativities

< When sodium donates its valence electron to chlorine, each becomes an ion:;
attraction occurs, and the ionic bond is formed

Na (metal) O Cl (nonmetal)
unstable unstable

electron
Na (cation) — Cl (anion)
stable Coulombic stable
Attraction

Valen’ce electron @B @ Q@
@

¥4 Nano & Flexible

# Device Materials Lab.
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Example : lonic Bonding

“* Predominant bonding in Ceramics

" MgO
H He
2.1 Ca F2 \ ma WA YA wal| -
Li = = e * F || Ne
1.0 CsCl \ o [o9E | 21:]:3.5 4_% -
Na wil T$$ I'_.ﬁ Cl | Ar
0.9 =5 @ e | 15 | e [ 20 [ 2#713.0 | -
K AN Zzn| 2 = |Aas| Z |[Br|Kr
0.8 5 | 1.8 15 [1.8] 15| 16 |20 ] 22 [2.8 ] -
N IE | & | &7 | & | & | & | = | & [ 7
g% ph | P | A | cd [ m | e | BB | R 2|5 Xe
. =3 b e ] 1.3 1.7 LA 1.9 a1 . -
K | % | % | = | B | &= | = | & | A
Cs S O T T | B | R [ At [ RN
0.7 23 | =23 X Ld 12 | e | 1s | Ea | 2.2 -
Give up electrons Acquire electrons

W74 Nano & Flexible

12 Phase Transformation in Materials 5 Device Materials Lab.



Covalent Bonding

“* Requires shared electrons harel act
‘ tsSnarea eiecira
o Example: CH4 CHa E’ from carbon ai

v C: has 4 valence e, needs 4 / \
more @ @ . @

v" H: has 1 valence e, needs 1 \_/ shared electro
more ® from hydrogen

atoms

v Electronegatlwtles are

Covalent bonding requires that

electrons be shared between

atoms in such a way that each
atom has its outer sp orbital filled.

In Si, with a valence of four, four

Silicon atom

covalent bonds must be formed.

75 Nano & Flexible
13
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o - | L le/ ‘
Covalent Bonding < Electron sharing

< Directional .

. o CH,

Shared electron

@\* @
\
\T‘//‘

cl,

Shared electron
from carbon

Covalent bond
[ J
diamond
N
e %
| :
| {:\j\ (\-\/
|// NaeTa™
//I v N
« o U»
\ | O \\q~<
\l. / (
(_ S //\L/\\\
//55.;:\\_.:7/__- . —
il oy

Phase Transformation in Materials Lab



Example : Covalent Bonding
H20 <

>
C(diamond) : ./
©
(&)
C

H  pe
21 | SiC ) \l.{ WIA u:-k - /C|2
Li | Be . ;*o Ne
1.0 [ 1.5 20725 20 | 2040 /
Na Mg i \':3 Si JPE II: CI K Ar
09 (1.2 e we e we B ~ B I 1= | 1.8 =5 | 3.0 -
K | Ca 5:_ Ti ﬁf Cr “i Fe ,_; Ni Eﬁ Zn | Ga | Ge | As iﬂ Br | Kr
0.8 (1.0 I 1.5 s |11.6 15 | 1.8 = 11.8 = 118116 18] 20| .. |28 -
— % | 48 | &I IE; i | i = 1 = I I ' = = =
on 10| Lzl le e x e o e]e| Bl 2]
T & | & T TE E 7 T % & | & CE I T — =
o |ealmal mm fm e nn o | N o] ]|
Ra | "7
0.9 |10 GaAs

** molecules with nonmetals

< molecules with metals and nonmetals
** elemental solids

s compound solids (about column IVA)

15 Phase Transformation in Materials ig Nano & Flexible

o Device Materials Lab.
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Metallic Bonding

“ The metallic bond forms
when atoms give up their
valence electrons, which
then form an electron sea.

* The positively charged
atom cores are bonded by
mutual attraction to the
negatively charged

electrons.

Phase Transformation in Materials
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Metallic Bonding

“* When voltage is applied to a metal, the electrons in the
electron sea can easily move and carry a current.

Phase Transformation in Materials




Metallic Bonding

*mechanical property

Tonic
bonding

brittle

Metallic
bonding

ductile
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Materials-Bonding Classification

Material type Bonding character Example
Metal Metallic Iron (Fe) and the ferrous alloys.
Ceramics and Ionic/covalent Silica (SiO;): crystalline and
glasses noncrystalline
Polymers Covalent and secondary Polyethylene C,H 5,
Semiconductors  Covalent or covalent/ionic  Silicon (Si) or cadmium
sulfide (CdS)
covalent
Semiconductors

metallic

Metals

10N1C

Phase Transformation in Materials

Polymers

secondary

Ceramics and glass

H;_ Nano & Flexible
## Device Materials Lab.
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Materials and Packing . .

1. Crystalline materials
v’ atoms pack in periodic, 3D arrays
v’ typical of: - metals
- many ceramics

- some polymers

. | crystalline SiO2
2. Noncrystalline materials... Y

v' atoms have no periodic packing Si* ® Oxygen
v occurs for: - complex structures

- rapid cooling

“ "Amorphous"” = Noncrystalline

noncrystalline SiO2

. . . "’ Nano & Flexible
P T m nin T
hase Transformation in Materials e Device Materials Lab.



e | L’ \:J}

Unit cell B B

** 14 Bravalis Lattice - only 14 different types of unit cells are
required to describe all lattices using symmetry

. rhombohedral . .. e .
cubic hexagonal , tetragonal | orthorhombic | monoclinic | triclinic
(trigonal)
c o\ AN\
gL el e
ff
a a a b
F fle
a — l_)_-_
C c
a ’*l;

i i H g INAITO & eXiore
Phase Transformation in Materials W59 Device Materials Lab.



Metallic crystal system
TABLE 3-2 W Crystal structure characteristics of some metals
Atoms per Coordination
Structure ag Versus r Cell Number Packing Factor Examples
Simple cubic (SC) ag=2r 1 6 0.52 Polonium (Po),
a-Mn
Body-centered ap = 4ri\/3 2 8 0.68 Fe, Ti, W, Mo, Nb,
cubic Ta, K, Na, Vv, Zr,
Cr
Face-centered ag = 4riv?2 4 12 0.74 Fe, Cu, Au, Pt, Ag,
cubic Pb, Ni
Hexagonal close- ag = 2r 2 12 0.74 Ti, Mg, Zn, Be,
FIBCKEd co = 1.633ap Co, Zr, Cd

22
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Better Material Properties

*

Microstructure Control
of Materials

Phase Transformation in Materials
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— <4 i

s

What i1s Microstructure in Materials Seie

Transmission Electron

Materials : Microscope
Assemblage of p—
Atoms

........

Lamborghini - Countach Atomic Force
Microscope

Phase Transformation in Materials

1'.. 4
2
EE |\ u
. —




Perfect Crystal is Good in many aspects,

But...

4 Imperfection in Metallic Materials ;

Point defect : Vacancies,
Impurity atoms

Line defect : Dislocations

Plane defect : Grain Boundaries,
Free Surfaces

Bulk defec : Voids, Cracks

] Second Phase Particles in Matrix

25 Phase Transformation in Materials

Mechanical Properties ;
Magnetic properties
Electrical properties
Etc.




Perfect Crystals without Defect

Carbon
Nanotubes

High strength, unigue magnetic/electrical properties

ﬁ? Nano & Flexible

26 Phase Transformation in Materials W5 Device Materials Lab
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Grain Boundaries

O
Grain Boundary O O
Y 57200

O O

Optical
Microscope

Phase Transformation in Materials




— B A
ey J

A Example of Grain Boundary Engineeriﬁ“g;f

==& 9

“* Turbine Blade in Aircraft Engine

‘ lf‘qfi@ﬂi,?i.,‘ R | F100-PW-229
31 In F-16 fighting falcon

Turbine Blade

Grain boundarie&

at high Temperature ;
Diffusion path of atoms

. .
Creep

.

Reducing grain boundaries

28

Conventional casting Columnar grain Single crystal

Phase Transformation in Materials

i
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i
2
e

Dislocations T »
N .

Dislocation

ine U W J I IT

|||l§_ul§~-zin.ggll||

& Nano & Flexible

Phase Transformation in Materials B2 Device Materials Lab.



- -

Materials Science and Engineering & .

S3(13=)

: Processing
+ method

Strength

i

\G .\ - b—/v
> x| ‘ \Y &P ; :
Dl k" 41— truomre Deformation Qpen/y % gl (%,I\i)

(BARAEH)

FIGURE 1-8 The three-part relationship between structure, properties, and pro-
cessing method. When aluminum is rolled into foil, the rolling process changes the
metal’s structure and increases its strength.

& Nano & Flexible

Phase Transformation in Materials iy ) X
Fi¢t Device Materials Lab.
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Control of Microstructures ;Cold Work

31

- |
N .

Phase Transformation in Materials

: Nano & Flexible

Device Materials Lab.
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Hardening Mechanism by Cold Wbrki.ing.

or
Cold work

Aluminum alloy

Before cold work

Dislocation tangle

Phase Transformation in Materials

£ ,
—

Deformation .

Accumulation
of dislocations

%! Nano & Flexible
Device Materials Lab.




Changes of Microstructure & Mechanical™ &0 &
Properties during Annealing N

é;’;\' "(?
Annealing temperature (°F) -
400 600 800 1000 1200
2o I ! e 1
; |
| |
| |
| Tensile strength 1
: | 50
= |
© == | |
% 500 | | =
= | | |
) | | 40 X
o | | >
5 | | =
=2 [ [ §
£ 400 |— | '
D : : 30
| Ductility {
_-/ |
: : 20
ke Eo Ll
Recovery | Recrystallization ! Grain growth
| l
Cold-worked [y e i
and recovered i
grains % ZN A '
! \/ I
- 0040~ I New : =
r ; [
S 5 | grains ! =
< 0030 , ,
N | |
£ 01020 ! | ]
o : |
= 0 010)— | | E
l I I ! I
100 200 300 400 500 600 700

Annealing temperature (°C)
Phase Transformation in Materials

¥ Nano & Flexible
# Device Materials Lab.



Changes of Strength and Ductility by

‘Working

C—

Co

1040 Steel

—

1T 1 70
900 }— ol
1040 Steel %0
120
800 |—
e _
5 &
c 700 di00 =
2 >
() = —
(- . «a " — 40
bl L. c —_—
0 - Brass £ =
— B = 30
e o F A
qc) 20
- 60
= 400 5
Copper __|
300 10
40
| ' ‘ ‘ | | 0
200 ™0 20 30 40 50 60 70 0

Percent cold work

34

Phase Transformation in Materials

L i i
10 20 30 40 50 60

Percent cold work

WP Nano & Flexible

Device Materials Lab.
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Production and Application of Electﬂcag,Stﬁ

Hot rolling - cold rolling — 18t annealing

— 2"d annealing

Transformer
Motor
Etc.

Soft magnetization property

Phase Transformation in Materials

& Nano & Flexible
s Device Materials Lab.
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Control of Magnetic property of Fe-3% Si“® [
Steel Sheet i

Magnetization curves for
soft and hard magnetic materials
t

B
Hard

Hard | —

|

Goss
Texture

Soft) \

Transformer

Nano & Flexible

Phase Transformation in Materials j Nano & Flexible




Using of Materials with
Improper Microstructure

U
Fallures

Oil tanker

. . MNA =)
fractured in a brittle manner d=Uu S4 (1994.10.21)

‘Ei Nano & Flexible

e

* Device Materials Lab.
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X2 (1986)

Phase Transformation in Materials

Z3HI0t= (2003

ano & Flexible
evice Materials Lab.



What i1s Phase?

(«-—.z
* A phase is a chemically and structurally homogeneous
portion of the microstructure.

. E e Steam
3 Y YOS 100
N~— )
QJ i
: ;
g : Water
Q !
= :
— S —— 0
|
: Solid Ice

l atm

Pressure (log scale) ™ Phase diagram ; |
equilibrium phase of material

Lo : W74 Nano & Flexible
T apl
40 Phase Transformation in Materials %' Device Materials Lab.



Phase Transformation of Iron and Ato‘ml

Migration

& ol

Iron
OC')\ Gas Liquid
) ——
o e
E / !
@©
| -
[ah)
o
5
|— [+ 4
1 atm

T(C)

Pressure (log scale) at 1 atm

41

Phase Transformation in Materials

-
— .

Liquid
11538
1304 Face-Centered Cubic
y (austenite)
0 .
- Atomic
Migration

a (ferrite)

I Nano & Flexible
Device Materials Lab.
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Phase Diagram of Temperature —

Composition ;

More useful in materials science & engineering

100 e e [
| | —200
O 8- Solubility limit
* L
Gd — 150
3 60 |- - . _ _ . id
s | Liquid solution Liqui
o solution
qE) 40— + {100
= - solid
20— sugar
= 4150
ol ' | B
Sugar O 20 40 60 80 100
Water 100 80 60 40 20 0

Composition (wt%)

Phase Transformation in Materials

Temperature (°F)




0 C—

Phase Diagram of Iron—Carbon Alloy » .

[
&
Composition {at% C)
0 5 10 15 20 25
1600 T I I
1400
8 —{ 2500
(o]
~— R
O = 1147°C _—
S =
4.30 "
T —{2000 %
CTJ 3
U0 ®
o &
E I v+ FegC £
-
(b}
= Igoo — 1500
727°C
ISOO
Cementite (Fe3C) e o 1000
l | | i
|
4000 1 2 3 4 5 6 6.70
(Fe) ..
Composition (wt%)
43 Phase Transformation in Materials ¢ Nano & Flexible
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Equilibrium Phases of ron-Carbof Ald;oy.

[~
&5

1100 : T T

Atomic migration
by diffusion

1000 [—
900

800

Temperature (°C)

700 1

600 1

500

400 | | L

0 1.0
. 4' Composition (wt% C)
Eutectoid composition

44 Phase Transformation in Materials



Mechanism of Precipitation

Alloying atom

45 Phase Transformation in Materials

oooo,o,o,wuo,o,ooo

.... 000.. M-.&#N%o.

0000000.0.0.0 llll“””“i’

eecTSCSve ; mmmmu
( ) 900000000006008

“Ol““”“ o
we w J

Solution heat
treatment
Tot—
(1)
= g Quench
= @
@ 5
E E . . .
= & Y Precipitation
£ 5 heat treatment
ﬁ P Tz i —
(2)
B T
4 Time (3)
Cp - -
Atomic diffusion Precipitate

& Nano & Flexible
#a% Device Materials Lab.




Effect of Second Phase particle on
Mechanical Property

Dislocations

Second phase particle
In matrix material

8

Obstacle of
dislocation slip
& grain growth

B _

High strength NizSi particles in Ni-6%Si single crystal

WP Nano & Flexible
Device Materials Lab.
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Control of Microstructures by Precipit

=

It atﬂi'n . S ‘
Transformation in Aluminum Alloy .

Boeing 767 by AA7150 T651 alloy

Precipitates
In aluminum matrix

-

Hindering dislocation slip

. .
High strength

Nano & Flexible
Device Materials Lab.
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Abnormal Grain Growth in Fe-3% Si Steel™ & /
Sheet produced by POSCO N

Abnormally grown grains
with Goss texture

Control of grain growth

Control of
magnetic property

Nano & Flexible
* Device Materials Lab.
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Observations of Grain Structure & Second =& /
phase particles using optical microscope .

ND -
RD <_T ( longitudinal-sectional view )

Deformed matrix Primary recrystallized (860°C) 900°C

¥ Nano & Flexible

49 Phase Transformation in Materials % Device Materials Lab.



Advanced Steels: TRIP / TWIP T -

(transition/twinning-induced plastlc%v) & .
&

ferriti

s maraging

TRIP

8

Total elongation at break [%]

[TRIP and
complex phase

e
o

artensiti

o

400 800 800 1000 1200 1400 1600
Ultimate tensile strength [MPa]

g

& Nano & Flexible
s Device Materials Lab.
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Understanding and Controlling
Phase Transformation of Materials

Phase Transformation in Materials



Phase Transformation

“* Thermodynamics

2+ Kinetics

Unstable

Metastable

Metastable
Stable

52 Phase Transformation in Materials




Types of Phase Transformations

¢ Diffusion- controlled phase transformation

v' Generally long- distance atomic migration
 Precipitation transformation
 Eutectoid transformation
« Etc

+»» Diffusion less transformation
v Short- distance atomic migration
v Martensitic transformation

53 Phase Transformation in Materials

l Nano & Flexible
%E‘ # Device Materials Lab.
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Time-Dependency of Diffusion-
Controlled Phase Transformation

et

Non-Equilibrium Phases

&

Need of Controlling
not only Temperature & Composition
but Cooling Rate

Phase Transformation in Materials




Transformation Kinetics and Isothermalw - )
Transformation Diagram

100 I
1.0 al ] ! L [
qE; § Transformation | Transformation
23 temperature 675°C ! ends
m -~ |
S ‘8 SoF—-—————————— | e
tE , l [
=] Transformation | |
3 e begins I I
a. S I <
- e 0 | ¥ I L |
. 1 10 [ 102 1103 104 10°
: Time (s)
|
|

|
|
|
|
e
|

Fraction of transformation, y

: - Austenite (st;ble) I -] 1400
0 - O 700l Austente e
NucleationJ Growth | o - (unstable)
F i I ()} — 1200 _
Logarithm of heating time, t = 600 y g
B — 1000 §
y — eXp(-ktn) g 500 — \ \Completion curve 5
o (~100% pearlite) &
Kinetics of diffusion-controlled  F \Bogincune 800
. . 400 +—
solid-state transformation | | | 1 : :
~ 1 10 102 103 104 105

Isothermal transformation diagram  1ime (s)

¥ Nano & Flexible
7 Device Materials Lab.
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Isothermal Transformation Diagram of

A o]
i
L !
- o

4 1 min - L
| T | E i —] 1400
A A\ Austenite (stable) / Bnl'::)ee?at::;dre
700 ‘ : "
O a Ferrite COarse // |
o lite —{1200
© pearie -
) A :
5 600 |— FesC h g
© . | a
g Fine Slow cooling ;
g_ n/ pearlite \ oo
) o _ -
— 500 Aui:g::feorm ap;?:rr‘hte t wimtis Denotes that a transformation
is occurring .
Rapid cooling
I l : | | 800
! 10 102 103 104 105
Time (S)

Phase Transformation in Materials
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Control of Phases by Heat Treatm%nt@ .

= I 1 l | 1 .
A -
OOV ... ... Lo
700 ( Very hard)
Martensite ;
I Non-equilibrium
phase

500
5 Pearlite ==
3 o (Fe;C+ferrite) g
£ .

300

\ —
Mistar) SO . W . | Heat Treatment
200 |— -
______ mso%) || / [
______ woow________|—1 | )
100 | 3 | Phase & Microstructure
) © @ ~
1 1 Martenste 30% %Z?L':fs éé’.lﬁ.{‘; ) -
ol P E— | - . .
07 1 o 102 0% 10t 10° Properties of Material
Time (s)

57
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Control of Mechanical Properties by Proper®& f
Heat Treatment in Iron-Carbon Alloy

Proper
heat treatment
(tempering)

",'; i I
Tempered martensite

Tip of needle shape grain Very small & spherical shape grain

Good strength, ductility, toughness

Nucleation site of fracture ‘

-
-

Brittle

58 Phase Transformation in Materials
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Diffusionless Transformation

Martensitic transformation in iron-carbon alloy

Martensitic transformation in Ni-Ti alloy ;
55~55.5wt%Ni-44.5~45wt%Ti (“Nitinol”)

N

Shape memory alloy

Phase Transformation in Materials

WP Nano & Flexible
i ) :
s Device Materials Lab.
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Difference of Deformation Behavior between !
Conventional Metals and Shape Memory ‘Allgys

=2
o M o 24
T S /|
-— BEEY o ADEF : B
2aA
SHA A S S
0 — [== O - - ="
_ —_ o - —_ o
- e — =
2et=5o S8-HE =4 Iy g=s S4-8g =4

Phase Transformation in Materials
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Principle of Shape Memory Alloys’™ &

- -

Parent phase

(Austenite)
QOO
CCOQC s I 5
- ) . din
,,:,:‘:%: XS X tress loading (T>Ay)
3 . %" - 4 -
»:.:;_:.:;:q ... *,
QOO i %

.o..q‘ozazo . s,

OO Yo, %

AR P . %

X - .

LR SRS/ (I

L0 s
'0’6.0.0‘0‘ ., LA

Y d > - -
A 8 O 2 -

M .. A
i N ‘.
SSRGS %
OOOOO tin

Cooling sSoesss Heating Stress unloading

o000

Twinned
martensite

=3 : Shape memory path
«-pp : Superelasticity path

Detwinned
martensite
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Phase Transformation in Materials

Ni-Ti alloys

artensite

Y. Liu, Z. Xie et al, Scripta Materialia,
1999

Nano & Flexible
Device Materials Lab.
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Applications of
Shape Memory Effect & Super-elasticity”

51 {5y

—_— O

o|=of 2f
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Contents in Phase Transformation
“* Thermodynamics (Ch1)

“*Kinetics- Diffusion (Ch2)

“*Microstructure- Interface, Grain structure (Ch3)
“*Liquid - Solid (Ch4)

“*Solid - Solid (Diffusional) (Chb)

“*Solid —» Solid (Diffusionless) (Ch6)

Phase Transformation in Materials



