
Lawrence Berkeley National Laboratory
Recent Work

Title
SOLID ELECTROLYTE DEGRADATION WITH APPLIED STRESS

Permalink
https://escholarship.org/uc/item/4qh94791

Authors
Hitchcock, D.C.
Jonghe, L.C. De

Publication Date
1984-07-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/4qh94791
https://escholarship.org
http://www.cdlib.org/


•! ,.,,-
J-... .... 

.. 

LBL-18218 
Preprint ~- ~ 

Lawrence Berkeley Laboi;atP,~Yo 
OF C Fo • LAWRENCE UNIVERSITY All RN lA BE~'<FLEYI_A8f"IPAiORV 

Materials & Molecular 
Research Division 

Submitted to the Journal of Materials 
Science Letters 

-. 

·:LIBRARY AND 
DO~~MENTS SECTION 

' :' .. 

• l . 
1 

SOLID ELECTROLYTE DEGRADATION WITH APPLIED STRESS 

D.C. Hitchcock and L.C. De Jonghe 

July 1984 
TWO-WEEK LOAN ~OPY ~" 

. . 
'"' ary Circulating Copy '-------===iiiiiir] -..-.~ ...... ~~~r{ff~~· borrowed .. for_t ·~,~;:.;:;;;,;:~~' 

- •• •& • ~c •' 

~~~~~jzt-;~·~,~-;~:_._~,._· _ _: ...... -~-.-.-

Prepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098 



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, do·es 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. 



j 
I 

(l 

SOLID ELECTROLYTE DEGRADATION WITH APPLIED STRESS 

David C. Hitchcock and Lutgard C. De Jonghe 

Materials and Molecular Research Division 

Lawrence Berkeley Laboratory 

and 

Ma~erials Science and Mineral Engineering Department 

University of California, Berkeley 

Berkeley, California 94720 

In a recent paper Kuribayashi and Nicholson [1] reported some 

results on the effects of an applied mechanical stress on the current 

density at which electrolytic degradation started for sodium beta"-

alumina and Nasicon solid electrolytes. Both compressive and tensile 

stresses were reported to lead to a decrease in the observed critical 

current density for onset of degradation by crack propagation. The 

results are remarkable, since they do not agree with what is to be 

expected when combined mechanical and electrolytic s~resses are 

considered. In the present note we show that applied tensile stresses 

should reduce the critical current density for failure initiation, 

while compressive stresses should cause an increase. 

When solid electrolyte degradation is due to Poiseuille pressure, 

generated by the electrolytic deposition of metallic sodium inside a 

pre-existing surface flaw, [2-4] an applied mechanical stress would 

affect the degradation process in two ways. First, it will change the 

width of the crack, thereby changing the Poiseuil le pressure. Second, 

1 



it wil 1 contribute to the stress intensity at the crack tip. An 

analysis of the degradation process whereby a pre-existing elliptical

cylindrical crack is propagated under the influence of the 

electrolysis-generated Poiseuille pressure [3] leads to an expression 

for the intensity at the crack tip of the form: 
p 3 

K = ac- j 
I oo 

where a is constant for constant crack length and is dependent on the 

viscosity of the sodium. is the crack opening displacement, and j
00 

is the macroscopic current density. We will assume here that, to a 

first approximation, the crack shape is independent of the source of 

the stress, and remains elliptical. The total stress intensity factor, 

K
1

, is then dependent on the crack opening displacement, 6, only, and 

crack propagation will occur at the critical crack opening 

displacement, <Sc. The total stress intensity factor at criticality, 

K1c, can then be expressed as 

p a 
K = K + K Eqn. 1 IC I I 

or 

p a 
1 = K I K + K I K 

I IC I IC Eqn. 2 

p a 
where K is the component of K due to the electrical current, and K

1 I I 
is the component due to the applied mechanical stress. Since 

Eqn. 3 

where jc (0) is the critical current density at a =0, a c is the 
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critical mechanical stress at j =0, and B is a constant,[5] Eqns. 1-3 
00 

yield for the critical current in the presence of a stress, jc (cr) 

Eqn. 4 

Eqn. 4 clearly shows that the critical current for failure initiation 

is linearly dependent on the applied stress. The disagreement of the 

observations of Kuribayashi and Nicholson from this prediction woJld 

require significant deviations from the postulates. on which the 

derivation is based. It is, at present, not evident how such 

deviations should arise. 
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