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Thermal activation under stress: Creep damage
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Orowan equation
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Thermal activation under stress: phenomenology
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Work : variation of the internal energy
dW = f,(T ,R,0 )dR, + f,(R,,R,)dR, — & (T ,R,)bldR, + F (T )dx — PdV

if the friction force is zero and

no internal energy variation F,(I')dx=0,(t,R,)btdR, =0

dE =TdS+dW =TdS + f,dR, + fdR, — PdV
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Calculation of Gibbs free energy

dE =TdS+dW =TdS + f,dR, + fdR, — PdV
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Activation volume

d(AG))= aAG“] do + aAG“) dT
ao-a T,P,R, oT 0., P, R
Definition
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V,=—5— I[fo'l'ff_o-abf]dRz
J0 | 20) )
Rz(fr’)
AG,= | (f,+f)dR,—0cblAR,
R,(0)
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Activation volume

Definition

R,(c)

Vaz_aAGaJ AG, = j (f,+ f)dR, -0 bLAR,
do T,P,R, R,(0)

a

a R, (c)
V,=- [I[J%+ﬁ—0abf]dRz]

ao- R,(0)

Leibniz Integral Rule

o ¢ da da ag(x y)
— x,y)dx a,, L go(a,, *+
ay{%{ﬁg( y) J gla,,y) — 5 —g(a, y) j

0AG dR,(¢) JAG dR,(0) ¢ 0
V =— a 2377 4 a 22— | —|f,+ f—0 bl|dR
“ OR, L(C) 0o,  OR, L(O) do, -([ o0, [fo+ fi—0.bt]dR,
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Ry ( O,
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Activation volume

V. =blAR,

area swept by the dislocation
for overcoming the obstacle

0AG,
J00,

AG, =AG,+0, [ ] =AG,-0.V,

AG, =G V. +kT 1n[8—,°J
E

25kT ~05eV—>T~230K oV, =05¢eV~0.1ub’

0, ~107 ¢y V, =105, 0, ~10" ¢, V, =1000 b’
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Activation volume: thermodynamics

. 0AG
Classically AV =— )
aP LF, R, (c)
AG,= [ (f,+£)dR,—0,bIAR,
_ . 1 JAG, R, (0)
For dislocations A ===
b do, PR

oAG, IT
Enthalpy AHa=AGa+TASa=AGa—TaAGa] G )]
o ,P,R G, P.R,

oT d(1/T)
R, (c) 3
Entropy at o _constant AS, =— J. ~——(fo+ f)dR,
¢ Rz(o)aT

In most cases fo and f; depend on the shear-stress and modulus u which
allows us to calculate the variation AG, with the temperature
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Effective stress

& AG, kT (&
AG, = + kT In| =2 O = 0 _ ]n[—oj
G,=0,V +k n[ 8) TV Ty p
There exists T = AG, sothat o,—0
kln(gf’)
€ ub
e

in reality

TafM |-

effective stress o*=0,—0,
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Experimental measurements of thermodynamic magnitudes

AG . . AG
“| = Iné=Ing, ——=
kT kT

Creep Test

E=E, exp(—

Measurement of the activation volume

o J0, ‘ Jo,
If for instance £, = Bo
. m
dlné Jdo, Voo =Va+kT[G ]
do,| ~ T |, " T |, ‘
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Experimental measurements of thermodynamic magnitudes

Measurement of the activation volume

V. =kT aln£] SV AT alneoj
. Jo, ).

7 9o,

jump in strain rate relaxation of the stress stress jump
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Experimental measurements of thermodynamic magnitudes

Measurement of the activation energy AG,

L AG, : . AG,
E=E,exXp| — T = In€=1ng, - T

dlné 19(AG,/T) dlne,
a1 )Ga__E ol )ga_l_ T )ga
AG, = AH,—TAS

(1

la(AGﬂ/T)) i a(aaa/r)) AH
G-ﬂ'

koT k7t 0(1/T) Jop 2
dlne AH, alnéﬂ
= +
3T ){ja sz ﬂT )Ga
dln € dlné
AH =kT? = AH +kT? OJ
thUS exp aT Joa a aT B
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Experimental measurements of thermodynamic magnitudes

Measurement of the activation energy

t

P

Jump In temperature in creep Measurement of the creep rate

at different temperatures
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Dislocations climb

Initial position

Unstable position

Final position

- creation of an interstitial

- absorbtion of an interstitial

- creation of a vacancy
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Geometrical aspects of the climb
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the climb is generally obtained by the movement of jogs
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Concentration of jogs
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Energy variation of a vacancy
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Climb needs thermal activation

2
dG:Jch — Uy, = len(gj—O'bg’—%
%

C
dG = i, — U, = kT IH(C—J—O'b3 For a straight dislocation

V

dG =0 = force equilibrium

3
C=C, exp(o-b ]

kT

athermal plateau

O'b3=AG5—>O'z%
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Bardeen-Herring sources

A 8
GO
t= %ubz R Sg propagation of the source ln(c%] > ?:;

Aluminum: U=25[GPal,b=2.3 [A].
» C
£=10""m], T=500[K] —=1.02
Vv
2% oversaturation activates 1 um source
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Climb velocity of a dislocation

V:%:C V. fornj jogs

V=ijAv

Av=Av,—Av_  difference in frequency of emission and
absorption of vacancies

ob’

. —Q+ob’
Th | tivated Av~D exp| — |=D, ex
ermally activate o p[ T ] 0 p[ T

J
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Particular case: jogs on a screw dislocation

Pe o Screw with
- edge jogs

Screw
segments
cross-slip

Screw dragging

3 edge jogs
° vacancies
- — ' 5 —_ — ’ ' — )
Av:z>S;)<exp (b —exp b*F, 1(d0) ||
b \ kT | kT 1)
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Steady-state creep

|
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_.d__d_Al e Lt L _;%
L+, t, Lt t,+tt, t, h
&= Aby é=AbL%
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Steady-state creep

&= AbL e
h

Frank lattice

Steady-state regime :
O =0, z%x\/K = Aoc[%]
(o o ~2zD,, ob’

2 2
0
éoc — bL—eoc — LZ) Ve
\uJ h (u) ‘" Tl

b
climb controlled by diffusion

s
€= Ao—exp — HS“’)
kT \ kT

In general we use the Dorn law
. H
8=A0'”exp(——

kT )
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