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T h e stress and temperature dependence of the activation volume is often explained by a similar 
dependence of the measured stress sensitivity. This explanation cannot be reconciled with the 
nonconservative motion of jogs, with dislocation cl imb, nor with the intersection mechanism. It is 
in contradiction with the results obtained in direct dislocation velocity measurements as well. 

It is now shown that when the backward movement of the dislocations is taken into consideration 
an explanation, consistent with the rate theory and with the dislocation mobility observations, can 
be developed. T h e analysis shows that with constant activation volume the stress sensitivity is 
stress and temperature dependent, in agreement with the corresponding measurements and 
mechanisms. 

The determination of the activation volume as-
sociated with the rate controlling mechanism is of 
great importance in the analysis of thermally acti-
vated processes. It is usually assumed that the ex-
perimental, or Arrhenius, rate equation 

and because 

yp = A exp 
AEe— Ve(ref{) re{{ 

kT (1) 

describes the observed dependence of the plastic 
deformation rate on the stress and temperature. In 
Eq. (1) yp is the plastic shear strain rate, AEe is the 
experimental activation energy, Ve is the experimen-
tal activation volume, re f f is the effective stress, k is 
the Boltzmann constant, T is the temperature in °K, 
and A is an experimental preexponential factor. 

In deformation theory Ve is defined as 

\ a T e f f IT, structure 

By definition Ve is related to the stress sensitivity 
m as 

d ln y 
d T e f f JT , structure 

V e ( T e f f ) + T pf f dF e (r e f f) 
kT kT d reff 

(2) 

When the activation volume is independent of the 
stress then 

. J A E , - V e T e f f 1 
y = A exp j— k T j , 

Reprint requests Dr. A . S. Krausz, Professor and Chair-
man, Department of Mechanical Engineering, University 
of Ottawa, 7 7 0 K i n d Edward Avenue, Ottawa, Ontario. 
Canada K I N 6 N 5 . 

d ln y 
dtgff T, structure kT ' 

(3) 

the experimental activation volume Ve is propor-
tional to the stress sensitivity m. 

In Fig. 1 typical experimental results are repre-
sented schematically. The stress sensitivity increases 
indefinitely with decreasing stress and approaches 
asymptotically to a finite value at large stresses. 
Two alternative conclusions are usually drawn from 
the observed stress and temperature dependence of 
the stress sensitivity: Either it is considered that the 
behavior reflects the dependence of the activation 
volume on the stress and temperature, or that the 
variation of the stress sensitivity reflects structural 
changes. Because of the difficulties involved in sep-
arating these two alternatives, the third possibility, 
that both the activation volume and the structure 
change with the stress and the temperature, is usu-
ally avoided. 

Although Ve may indeed vary with the stress, 
temperature, and structure, these conclusions present 
logical inconsistencies as generalized statements and 
lead to contradictions. In direct dislocation velocity 
measurements, carried out at constant structure, the 
stress sensitivity is typically of the type shown in 
Fig. 1: Consequently, the typical stress and tem-
perature dependence of m cannot be considered as 
the experimental expression of structural changes. It 
follows then, that if the activation volume is stress 
dependent at constant structure, the last term in 
Eq. (2) is not zero and Eq. (3) cannot be used for 
the evaluation of the true activation volume. 

It is the purpose of this paper to present a con-
sistent explanation of the typical stress sensitivity 
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Fig. 1. a) Schematic representation of the typical stress 
and temperature dependence of measured stress sensitivity, 
b) T h e stress sensitivity measured in B C C metals (V, N b , 
Ta , Cr, M o , W , F e ) . A l l of these metals had activation volu-

mes within the shaded zone. 

behavior and to develop a method for the analysis 
of the activation volume. 

Discussion 

Following the pioneering work of Eyring1 and 
Orowan2 , Alefeld3 has suggested that Eq. (1) is 
incomplete because in the evaluation of the activa-
tion volume the backward movement of the dis-
location has to be considered also. In his analysis, 
Alefeld has assumed that the energy barrier is sym-
metrical. Accordingly, the rate equation is expressed 
as y = 2A sinh (V Tef{/k T) , 

and the stress sensitivity as 
d ln y \ 
d T e f f JT> s t ruc tu re 

V + dV T e f f 
coth 

V r e H 

kT KkT dTeff k Tj 

Assuming, as before, that the activation volume is 
independent of the stress, that is 

dV/d Teff = 0 , 
it follows that for a symmetrical energy barrier 

v . V Teff 
m==~kT ~kT~ 

(4) 

The analysis showed that Eq. (4) is represented 
by a family of curves similar to that obtained ex-
perimentally (Figure 1 ) . This is an important con-
clusion because it indicates a way to resolve the 
contradictions arising with the use of Equation (3 ) . 

In the last few years direct dislocation velocity 
and stress relaxation measurements4 - 6 , that were 
carried out at constant structure, indicated that very 
often mechanisms with a linearly stress dependent 
apparent activation free energy 

AG = AG*-Vre{[ 

cannot be associated with symmetrical energy bar-
riers: It has been shown that in many covalent, 
ionic and metallic crystals the rate controlling me-
chanism is associated with non-symmetrical energy 
barriers. The stress and temperature dependence of 
the dislocation velocity v was described well with 
the rate equation derived from the absolute rate 
theory, as 

kT f AGt* 1 (Vttett 
v = St —— exp 

h kT 

. kT db --• exp 

exp 

kT 

kT 

exp 

(5) 

Vb Teff 
kT 

where <5 is the distance travelled by the dislocation 
after each activation, and A is Planck's constant. The 
deformation kinetics expressed by Eq. (5) removes 
the restrictions imposed by the symmetrical barrier 
model and is a satisfactory description for the anal-
ysis of the activation volume for a large variety of 
crystalline materials. 

It follows from Eq. (5) that the relation between 
the stress sensitivity and the activation volume is 
expressed as 

/ d ln 7 \ _ / d In u \ 
\ d r e f f JT, s t r uc tu re \ dreff JT, s t ruc tu re 



7 3 0 A . S. Krausz • On the Analysis of the Activation Volume 730 

0 10 2 0 3 0 4 0 5 0 
T/MPa 

Fig. 3. The stress sensitivity of Ge. T h e symbols indicate 
the measured values 7 , and the curves were calculated with 
constant activation volumes: V f = 2 Fb = 2 .46 x I O - 2 8 m 3 . 
The other parameters are: zdGft — / l G b + = 1 .47 x 1 0 - 2 1 J, 

<5f=<5b . 

behavior. The very good agreement is further dem-
onstrated by a characteristic diagram for germa-
nium, shown in Figure 3. Similar results were ob-
tained for LiF, NaCl, Si, AI, Fe, etc. Figures 2 and 
3 show that at high stress level all curves approach 
asymptotically to a finite value, defined by Eq. (6) 
as 

m = Vf/k T 

and that the increase of m at low stress level is due 
to backward activation over the energy barrier and 
not to the increase of the activation volume. 

Vf 1 + ^Ffexpl kT | 
exp F f + f b 

kT "Teff I 

kT db tAGf*-AGb*\ j V< + Vb V 
1 ~ d< CXP j kf—fCXP I kT Teff } 

(6) 

According to Eq. (6) m is stress and temperature 
dependent at constant activation volume. Figure 2 
illustrates the stress sensitivity calculated for typical 
activation volume values. The figure shows that the 
stress and temperature dependence of the calculated 
stress sensitivity is similar to the usually observed 

Fig. 2. Typical stress dependence of m calculated from 
Eq. (6) with constant activation volumes: Vf=2 Vb = 
1.38 x I O - 2 8 m 8 . The other parameters are: AG(f—AGbf= 

1.38 x 1 0 - 2 0 J, <5f=<5b . 
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