
r• 

. 
I 

Submitted to Scripta 
Metallurgica 

.,, 't. <.,.•· .. ''"! 

·,. ·: 

LBL-194 Rev.~ 

P . (" 0 repr1nt · 

ON THE EFFECT OF VACANCY SINKS AND SOURCES 
ON SERRA '::'ED YIELDING DUE TO SOLUTE LOCKING 

P. G. McCormick and K. Linga Murty 

January 1972 

AEC Contract No. W-7405-eng-48 

TWO-WEEK LOAN COPY 

This is a librar~ Circulating Cop~ 
which rna~ be borrowed for two weeks. 
For a personal retention cop~. call 
Tech. Info. Division, Ext. 5545 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of aut~ors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



LBL-194 Rev. 

ON THE EFFECT OF VACANCY SINKS AND SOURCES ON SERRATED 
YIELDING DUE TO SOLUTE LOCKING 

P. G. McCormick 

School of Metallurgy 
University of New South Wales 
Kensington,, N.S.W. Australia 

and 

K. Linga Murty 

Inorganic Materials Research Division, Lawrence Berkeley Laboratory and 
Department of Materials Science and Engineering, College of Engineering; 

University of California, Berkeley, California 

In a recent communication Murty et al. (1) have considered the 

effect of both vacancy creation and vacancy annihilation on the 

critical strain required for the onset of serrated yielding in 

substitutional alloys. In determining the total vacancy concentration 

present at a given strain, the rate of vacancy production and 

annihilation were incorrectly integrated as separate quantities 

(~qs. (4) and (8) of ref. (1)) resulting in an incorrect expression 

for the vacancy concentration which preducts a net vacancy subsaturation 

at sufficiently low strain rates or high temperatures. In the present 

note this error is amended. 

The total rate of vacancy change during deformation is given by 

. 
c = c£ 
v v (1) 
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where CE is the rate of vacancy production during straining and C v v 

is the rate of vacancy annihilation. For vacancies produced by the 

non-conservative motion of jogs on screw dislocation~. 

= (2) 

where the constant K1 has been previously defined (1). Assuming first 

order annealing kinetics 

T -K (C - C ) v v 
(3) 

where C T is the thermal equilibrium vacancy concentration and K is 
s 

the effective ~ate constant for the annealing process. The rate 

constant will depend on the vacancy mean free path, the solute 

concentration, and will, in general, not exhibit a simple temperature 

dependence (2). If dislocations act as the primary sinks, 

K = ~p = ~(p + RE) 
0 

/ 

where p is the initial dislocation density and RK is a constant. 
0 

On substituting Eqs. (2) and (3) into (1) the change in vacancy con-

centration with strain for constant strain rate tests is given by 

d(C - C T) 
v v 

dE 
= K

1 
- ~ (p + RE)(C - C T) 

0 v . v 
(4) 

where it is assumed that dislocations are the primary vacancy sinks. 
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Integrating Eq. (4) gives 

c c Ze y (1/2, -z2 ) T = K (2.£ )1/2 rrl/2 _z2 * , 
v v 1 12-k 2 

where 

2 12- 2 
Z = Z£R (p

0 
+ Re:) 

and 

* 2 y (1/2, -Z ) 

is an incomplete gamma function given by (3) 

z z2 J e dZ. 
0 

In the limit of low strain rates or high temperatures where 

vacancy annihilation is important y*(l/2, -z2 ) may be expanded as 

1 3 2 -1/2 
[1 + - + --,.- + . • . ] + ( -Z ) • 

2z2 4z4 

. Substituting (7) into (5) giVes to first order 

C C T 
v v 

A similar expression for the excess vacancy concentration is 

(5) 

(6) 

(7) 

(8) 

obtained for the case where K is constant. Integrating Eq. (4) with 

K substituted for ~ (p + RE) gives 
0 
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In the limit of low strain rates or high temperatures Eq. (9) 

reduces to 

C T 
v 

- K1£ l 
K f . 

(9) 

(10) 

In the opposite limit of high strain rates or low temperatures Eqs. (5) 

and (9) both give 

c 
v 

C T 
v = 

(11) 

as is usually assumed for the normal Portevin-Le Chatelier effect in 

substitutional alloys. 

Although only the limiting cases have been considered, it is 

apparent that the behavior of C and hence the critical strain at the 
s 

onset of serrated yielding may be significantly modified by vacancy 

annihilation during straining. It is also apparent that the general 

effect of vacancy annihilation at a given temperature and strain rate 

will be to increase £ by reducing C • A quantitative treatment of 
c v 

recent experimental measurements (4,5) of £ in terms of vacancy 
c 

annihilation during straining is in progress (6). 
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