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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 authors 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. 
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COMMENT ON 'VOID 'FORMATION 'IN 'NICKEL 'AND'SILVER\DURING CREEP 

In two recent papers, dealing with void formation in nickell and 

silver2 respectively, Price has reached conclusions concerning the role 

of grain boundary sliding in creep. In nickel,l voids were first ob-. ' 

served at the start of the secondary stage and, it was suggested that 

primary creep was due to deformation within the grains, and, that the 

transition to secondary creep marked. the onset of general grain boundary 

sliding. However, an examination of the extensive literature on grain 

3 4 boundary sliding suggests that both this view and the contrary suggestion, , 

that sliding accounts for all of the initial deformation until some 

~'Cl'itical"'~train when slip first occurs, are untenable. 

In a number of investigations of the occurrence of grain boundary 

sliding during creep, measurements have been taken to determine the 

average displacement (v) due to sliding, perpendicular to the surface, 

between adjacent grains, and these values have been plotted against the 

total creep strain, Et • If deformation within the grains accounts for all 

of the strain until the onset of secondary creep, then it follows that 

these plots should reveal zero displacement throughout the primary stage. 

In fact, a considerable volume of work on a large number of materials 

(AI 5,6,1 Al all 5,8 a 9 5 10 % 5 5 , oys, ..,-brass, Cd, Cu, Cu - 0.370 Be, Fe, 

Fe - 30% Ni,ll Mg,l2 Mg _ 0.18% Al,l3,14 Ni,15,l6,l1,18 Pb,19 Pb _ 2.2% 

'111,19 ,20 Sn,5 and Zn5 ) has shown that, at least initially in primary 

and the early stages of secondary creep, there is a linear relationship 

between the average sliding displacement and the creep strain. In some 

,cases a devlation from linearity has been reported, such that the sliding 

thereafter increases at a slower rate than the total strain, but this 
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usually occurs ,towards the, end of the secondary' st,age~ Typical results" 

for specimens of a Mg - 0.18% A1 alloy are, shown in ~ig. 1. Four specimens, 

of different gr~in size, were tested at 200°C under ,an initial stress of 

6000 psi; full details of the experimental procedure are given e1se

where.13 In each case, the transition to secondary creep occurred at 

a total strain of "-2%. Whilst these results refer to measurements taken 

14 on the surface, Graeme-Barber has recently used internal oxide markers 

to show that similar trends pertain in the interior. 

1 Price attempted to determine the total strain due to grain boundary 

sliding by considering that the primary deformation, which followed the 

, Andrade t 1/3 law, repres,ented the defol'I!.1ation ,due t~ grain strain, and . ... . . . . . . 

that the' same mode of deformation continued throughout secondary creep. 

By extrapolation, the grain deformation was determined through the 

secondary stage, and, knowing the total creep strain, the sliding con-

tribution was calculated by difference. The result suggested that, by 

the start of tertiary creep, the sliding contribution accounted for 

almost 50% of the total strain. Unfortunately, an accurate assessment' 

of the sliding contribution is not easy, and a detailed analysis of the 

methods by which this may be calculated is given e1sewhere. 2l However, 

the trend deduced by Price is contrary to results reported on a Mg - 0.18% 

13 A1 alloy, where a decrease in the importance of grain boundary sliding 

with increasing strain was inferred from the formation internally of 

extremely corrugated'boundaries during cre~p. Furthermore, recent re-' 

14 su1ts using internal markers have tended to confirm this decrease. , 

.' 

( 
( 



-3- UCRJ~-1782l 

This work was supported through the Inorganic Materials Research 
\ " 

Division of the Lawrence Radiation Laboratory by the United States 

Atomic Energy Commission. 

,", 

" 

~ 
" 



• , .• f 

, , 

.. 4- UCRL-17821 

REFERENCES' 

1. C. E. Price, Acta Met. ,15, 1249 (1967). 

2. c. E. Price, Acta Met~ '14, 1781 (1966). 

3. v. S. lvanova, Dok1. Akad. NaUk SSSR'94,(2),217 (1954). 

4. 

5. 

6. 

7. 

Ya. R. Rauzin and A. R. Zhe1ezniakova, Fiz. met.meta110v. 1, 146 

(1956); Meta110vedenle i Obrabotka Metal10v. (12), 41, (1957). 

D. McLean and M. H. Farmer, J. lnst. Metals'85, 41 (1956-57). 

,D. McLean, J. lnst. Metals 81,293 (1952-53). 

S. S. Gore1ik, S. M. Ka1'yanova and V. M. Rozenberg, Fiz. met. metal10v, 

10, (2), 251 (1960). 

8. D. McLea~ and M .. H. Farm~r, J'. lnst. Metals 83, 1 (1954-55).' 

9. A. Gittins, Ph.D. Thesis, Univ. of Melbourne (1964). 

10. D. McLean, N. P. L. Symposium on Creep and Fracture, pp. 73-87, 

H. M. S.O., London (1956) • 

11. V. M. Rozenberg, lzvest. Akad. Nauk SSSR, Met. i Top1. (1), 105 

(1960). 

12. A. Gittins, M. Eng. Se. Thesis, Univ. of Melbourne (1962). 

13. R. L. Bell and T. G. Langdon, J. Materials Science g" 313 (1967). 

14. C. Graeme-Barber, Ph.D. Thesis, Univ. of London (1967). 

15. G. Ya. Kozyrsky,V. A. Kononenko and P.N. Okrainets, Ukraine Fiz. 

Zhur. 3, (3), 391 (1958). 

16. E. Ar Minkina, N. V. Preobrazhenskaya and V. M. Rozenberg, lzvest. 

Akad. Nauk SSSR, Met. i Top1. (2), 48 (1959). 

17. v. M. Rozenberg, Fiz. met. meta110v. 15, (3), 397 (1963). 

18. v. M. Rozenberg, Fiz. met. meta110v.11, (6), 899 (1961). 

19. R. C. Gifkins,J. Aust. lnst. Metals ~, 148 (1963). 

f , 



," 

-5- UCRL-17821 

20. R. C. Gifkins, Properties'of Reactor Materials and the Effects of 

Radiation Damage, (D. J. Littler, ed.), pp. 335-342, Butterworths, 

London (1961). 

21. R. L. Bell, C. Graeme-Barber and T. G. Langdon, Trans Nn. Inst. Min. 

14etall. Engrs. (in press). 



" " ~. " " 

CJ) 
z 
0 
0:: 
U -
~ 

I> 

, 

\ . 

UCRL-1782l 

\ , 

3~------------~------~----~~--------------~ 

2 

I 

5 

Mx 74 : 29 GRAINS /CM 
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FIG I 

Variation of grain boundary sliding with strain 
for four different grain sizes 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com~ 
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor

mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behal f of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 

of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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