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5.4 Overall Transformation Kinetics — TTT Diaggé\_m
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“ TTT Diagram :
the fraction of Transformation (f) as a function of Time and Temperature
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5.4 Overall Transformation Kinetics — TTT Diagtam

% Johnson-Mehl-Avrami Kolmogorov Equation

Assumption :
» Reaction produces by nucleation and growth
» Nucleation occurs randomly throughout specimen
» Reaction product grows radially until impingement a-p

Define volume fraction transformed

Vol. of new phase

f = f‘ dr

Vol. of specimen — F
T ttdt

during dz measured at time t

vol. of one particle nucleated number of nuclel
g formed during dz
df

volume of specimen

#3: Nano & Flexible
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5.4 Johnson-Mehl-Avrami Kolmogorov Equation

volume: V = ﬂ;; = 4 7 (vt)® v : growth rate (assumed const. )
3

N : nucleation rate (const. )
V' = % zvi(t—1)°

vt =) x (NV,d7)
df =3

VO
f,=[df =2 2NV ['(t-7 Yde
¢ Jo 3 0

f =2 N3t
3

e

— do not consider impingement & repeated nucleation
— only true forf < 1

f,: extended volume fraction

¥ Nano & Flexible
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*Johnson-Mehl-Avrami Kolmogorov Equation.

df
df = (@ f) df, = 1-f= o
f a
f=1—exp(—z Nv3t4j e
3 Lo
f =1-—exp(—kt") - J-M-A Eq. .

k : sensitive to temp. ( N. v)
n:1-~4

For the case of 50% transform, t, .

exp (-0.7) =0.5 Example above.
0.9
ktl. = 0.7 ) s =
.e. 0.7
t0-5 - kl/n

. . #7% Nano & Flexible
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*Johnson-Mehl-Avrami Kolmogorov Equation

Other example:
1. Fixed nucleation site and active at the beginning.
2. Nucleation site depends on the time

| =1, exp(—pt) (1, : number of active nucleation site / unit volume)
p: rate at which the individual sites are lost.

dl
N(t) == = lopexp(=pt)=pl

3

f =1- exp {(—871‘;\/ jx[exp(—pt)—l+ pt—....]}

limiting cases: Pt small — same as J-M eq.
t
pt  large — 5 | quickly goes to zero.

f=1- exp[—% Nov3t3j

¥ Nano & Flexible
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5.5 Precipitation in Age-Hardening AII(jy,s;" 4

2

Temperature °C

j |
5.5.1 Precipitation in Aluminum-Copper Alloys
s Transition phases 2556555552
oceeleor
a, > a, +GP zones - o, +0" > a,+0 —> a,+0 M%W
e
“oo 5526
OAl Cu
Atomic percent Cu *
700 , , 5 A
1 2 s p} _____
ﬁ;—‘—g— =
— o+ Liquid ) ey 0 7
= o1 1o (010)
500 l gl Ak All sides coherent
o
’ (010)
300 (001) Coherent or
semicoherent
WOLA (](1)8))} not coherent
200
100k 72~ GP zones I
/
/s 2 Incoherent
//
| 1 1 1 1
1 2 3 4 5

Weight percent Cu Phase Transformation In Materials
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5.5 Precipitation in Age- Hardenmg AIon:

p \
G # GP zones G 2\
\ size

> 0y + GP a*GP—»az*e a*e —»a - a3+e'—»ahoe
v

e (a)

§

\
\
/
/

Xey—a=

ao—) (la«; [*]

Total
Free energy

Time

(b)

. . ¥k Nano & Flexible
13 Phase Transformation In Materials et

Device Materials Lab.



14

‘-

-

5.5 Precipitation in Age Hardenmg AIoni

Temperature

|

e

N\

(b)

Log (time)

Phase Transformation In Materials

N /CU\

\‘az (10
AN \Cu/'

7

/

C)

® V.

Growth of 8’
in the expense of 8
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5.5.3 Quenched Iin Vacancies .

| —

Precipitation Free Zone: PFZ

3 Nano & Flexible
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5.5.4 Age Hardening

i Aged 130°C
S g S, O
0 [ ---6" P 41'1': 4+5% Cu
Z 120F  eeeer o P ik
O - // ‘/" - .
E 100} A e WL
; 80 '_'4_50/0 // "-,..[:‘-.bo/o CU
S,- _CU 3:0% Cu
& i » °/°C ‘..oooo...
g B W 2-0%Cu
L 40 3'O°/oCu
= ¥ n 5 2:0°% Cu ; 4 a0
(@) 01 1 10 100

| Ageing time,days
. 120 —GP
2 ---0’ A Aged 190 °C
I L
g | /// "‘41’0 ~ .'\'.o:.
s, B0t i st i 459
Q - Z'Ool P GNETE L 70 sl s s S oo
w 60F 8 ki o s WS 05
%’ - 3:0%<« . 2-0%
2 40 20% " . —

0-01 01 1-0 10 100

(b) Ageing time,days
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5.5.5 Spinodal Decomposition —

No barrier for nucleation
Phase diagram with a miscibility gap
i ’
L] . ?.-"“‘5 Chemical
5 - spinodal
/1 Sl i ‘.
| |
| 4 | |
| 1} ! |
(@) 5 presy ; r 1
X1 Xo | XO XB } XZ v d?G
? : | dX?
|
| l
| |

(b)

|
|
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From Chl

% The Effect of AH,,;, and T on A G,

<0

0>0

18

+ | Xy — i | X, —= |
0 0
AH, mix
AGmix
A AGimix A B
(a) Q< O, highT (b)Q<O,low T
AH, mix
' AH !
i AGmix
Xy —
0 0
AG i Xg —
~TAS ix =TS mix
A A B

() >0, high T

dQ>0,low T

o

Phase Transformation in Materials

o~

Liquid
B
Y
a+f
B+y
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5.5.5 Spinodal Decomposition ) ¥

% Composition profiles in an alloy <% Composition profiles in an alloy

guenched into the spinodal region outside the spinodal points
by 3%
X |8 . 2| . R
X0
O
X2 ___________
Increasing

time HE |ttt

Ko s i i
!
Y
Xi[—-——————-
X Saea =
) A/ Y I X1 — o
Distance Distance
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Spinodal decomposion
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5.5.5 Spinodal Decomposition

* The Rate of Transformation
v' Rate controlled by interdiffusion coefficient D

v Within the spinodal D <0, composition fluctuation oc exp(—i)
r=—X14r°D ‘
- T : characteristic time constant
- 1. wavelength of the composition modulation (1-D assumed)

transf. rate 1 as A |

There is a minimum value of below which spinodal decomposion cannot occur

To calculate 4, it is need to take care of 1) interfacial energy 2) coherency strain energy

. . #7% Nano & Flexible
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