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LOCAl~ ELECI'RODE CURRENT DENSITY AND FLAW DECORATION OF SODIUM-BETA" ALli'MINA 

ABSTRACT 

L. C. De Jon'jhe and L. Feldman 
Materials and Molecular Research Division 

Lawrence Berkeley Laboratory 
Materials Science and Engineering Department 

University of California 
Berkeley, California 94720 

Simple decoration methods are described that can qualitative:~ 
reveal local electrode curren·t densities and permit decoration of 
fine, sodium filled cracks in sodium beta" alumina solid elect.ro­
lytes. 

Introduction 

·~vhen ionic currents are passed through sodium-beta alumina, metal f1 lled 
crack~; nay propagate from the cathodic to the anodic interface. Several 
autho;cs j1ave modeled the progression of this typ2 of electrolyte failure. 
l.rrnstrong and Turner et al. (1) first described the essential aspects of L'le 
degradation: pressures generated by sodium electrodeposi ted into the crack 
caused crack extension. This model was further developed by Richman and 
Te:·,nenhouse,(2) and by Virkar et al. (3) Additional observations by Ce Jo.."lghe 
t~t aL <4 > demonstrated tl1at the degradation propagated both tra--:.s- and 
interqranularly, and that the crack network could be highly branched. 

Generally, a critical macroscopic electrode current ·:;ensity_ is fou.'1d 
at which degradation initiates. Once initiated, the sodium filled crack 
network propagates readily through the electrolyte, as was pointed out by 
Brennan. (5) Tr,en:,fore, the initiation stage is the most importa'1t one. The 
lateral dimensions of the flaws from which the degradation initiates are 
thought to be very small - (;n the order of the grain size or s:nal.L:r. 
Local electrode current densities are thus expected to be of signi f.icaJ. , 
in the very early stages of degradation propagation. Both local electrode 
current densities and small sodium filled flaws are not readily ol::servable. 
In this paper, we describe simple decoration methods that can qualitatively 
reveal local electrode current densities and permit decoration of small 
sodium filled cracks. Two techniques were found to be useful: an electro­
lytic decoration and a cheme.cal decoration. 



Electrodeposition 

When a metal salt is elec~rolyzed into beta alumina in the prese~ce 
of small amounts of water, H 0 will be partly inserted to replace Na • 
OH- that is thus produced at 3the anolyte/l:>eta" altnnina interface can, at 
sufficiently high electrode potentials, reduce the metal ions. For AgN0

3 solutions, the following reactions are thought to occur. 

+ -2H20 -+ H
3
0 + OH 

+ - o I Ag + 20H -+ Ag y 

The silver metal deposits on the anolyte/solid electrolyte interface. 

The 

At sufficiently short times it is expected that the sample interelectrode 
resistance rather than electrode polarization phenomena determine the local 
electrode rates •. The electrolyte polarization phenomena due to grain 
boundaries have average relaxation times in the Meg~tzrange, while the 
electrode processes have relaxation times of several seconds. For reaction 
times of about 1 secood, it is then expected that the amount of deposited 
silver will be roughly proportional to the local electrode current density of 
a sample with identical structure but with reversible electrodes. It is 
also expected, since the electrolyte is a passive .ohmic system, that current 
distributions would be· similar for reversible anolyte/electrolyte and for 
catholyte/electrolyte interfaces. 

+ 

AgN03 Nal 

( l·liiter} (alcohol} 

bakelite 

FIG. 1 XBL 801 7600 

Experimental setup for electrodeposition of silver. 
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The experimental set up is sketched in Figure 1. The conditions for 
obtaining optimum contrast between low and high current density areas <,;ere, 
at room temperature, found to be rather critical. Electrolysis times WE~ re 

about one second and applied electrode potentials were about 18 to 20 volts. 

An example of a decorated anodic electrolyte surface is shown in Figure 2. 
The areas of high silver deposit ap?ear bright in this reflection optical 
micrograph. A large circular grain appears dark as would be expected, since 
its conduction plane s are approximately parallel to the surface . Th~ s leads 
to local current blocking. Interesting l y, grains which are oriented for 
favorable ionic current injection do not show a uniform current distribution. 
App arently different parts of the same grain can carry different current 
densities. This phenomena is probably caused by microstructural diffeJ::ences, 
such as soda content or syntactic b e ta-beta" phases, within one grain. The 
magnitude of the e lectrode current de ns ity inhomogen e itie s were diffi c11lt to 
assess quantitatively. Scanning electron microscopy and energy dispen;ive 
x-ray analysis of decorated samples showed that the amount of silver in law 
and high deposition areas differed by a factor of 2 to 3. 

FIG. 2 XBB 794 4263 

.: J/ -:: interface of sodium-beta" alumina decorated by silve r e l e ctro­

. · ·r,·:.c· i '- ion. Dark. a reas corresp ond to regions of low loci'll cl~" C"tro: ~e 

·: :·: r: ··· t densi ti;_;s . 

· . . ;e .Jecor2t.icn ~XF' ~·iments clearly de monstrated the heterogene01.1> r.&ture 
-:.f the bP ta" alunir·: e lectrode interface . Figure 2 also revea:'..s th at ;,igh/low 
c u·,. n t d~n.:;i ty b m£1dari.e s .=:re most frequent l y found whe r e grain bC'.li' "i' r ies 
.i :1 .• <-: :rs•· c- '~ L1e ele ct roue/c:l e c ' ~olyte in~erfacc . The ge ne r a l h e t e r cc;c:: -.:: i. ~y 
o f t.l-Je '"<e::;trode cur r ent dis t .r ibution may b e see n as being in quali t<i:: i re 
ag re-e.:· - ._ ~- w:. th the non-h ':'lf:,cx:renc; i t y of the \:, ,: 1.k current di s t rib'.1t.:. :n a·, dis-
c us se j by De Jonghe(6). . 
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Chemical Decoration 

The sodium crack network that has propagated through a degraded sample, 
appears optically very diffuse. The reason for it is that the polycrystalline 
electrolytes are translucent rather than transparent, and light scattering 
p revents a clear examination of the metal-filled cracks. Where the cracks 
intersect the surface, reaction with the atmosphere depletes the sodium 
locally, so th t the cal surface detection of the cracks is difficult. 

1 45 

Si l ver decorated cracks in degraded sodium-beta" alumina sample. 

Cra ::k openings are quite small and, as a result, regular dye pen,etrants 
seem to be ineffective. In our chemical decoration method, the polished and 
deqraded samples are submerged for about 5 to 20 minutes in an aqueous, one 
molar solution of silver nitrate, kept at about 80°C. The cracks are then 
decorated with a dark deposit. Presumably, Ag+ reacts with the NaOH that has 
f ormed in the fine cracks. When viewed with crossed _polarizers to reduced 
s urface reflection - the details of the crack network show up clearly. 
Fi ? ure 3 is an example of a decorated crack network in a section parallel 
t o the direction of cr~ck propagation . A multitude of fine cracks inter­
s ect.in g the surface is revealed, indicating again crack branching. Denser 
cracked clusters can also be observed in the same samples as shown in Figure 4a 
and 4b. Figure 4a shows a combination of single cracks and crack clusters as 
they emerge at the anodic interface. 
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FIG. 4 XBB 801 44 

Silver decorated cracks and crack clusters oo anodic surface of a 
degraded electrolyte specimen. 

The appearance of crack clusters can vary, as is evident from Figur1a 5. 
At this anodic interface, the cracked clusters were mainly along grain 
boundaries . Interestingly, degradation emerged in this case in a high 
porosity area. While there are some ,indications that the cracks prefer paths 
of high porosi~y, we have not found a conclusive relationship between pore 
distribution and degradation path . 

FIG. 5 XBB 801-46 

Silver decorated crack cluste r . The degradation has emerged i n a high 
porosity area. Ext • n s ive cracking along grain boundaries is evident. 
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