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ABSTRACT 

The gassing rate, r, of powder AgO samples, made by the chemical oxida- 
tion of AgNO3, was measured in gassing pipettes. The mean  r of 52 AgO 
samples at 200 hr (AgO content  --~9~%, r2o0 ~-- 35 g l /day /g)  was 23.0 gl /day/g .  
Gassing rates at different times and in different solutions, respectively, are 
correlated, r increased with increasing NaOH concentration, temperature,  and 
pelletizing pressure, and with ball  milling, r of AgO samples made in the 
presence of t ransi t ion elements (added as compounds) were, m general, larger 
than  r of samples with nontrans i t ion  elements. The effect of Co and Ni is 
especially catastrophic. Pb suppressed r of highly gassing AgO samples re- 
gardless of the method of addition. 

Silver (I) -si lver (III)  oxide, commonly designated as 
AgO, is thermodynamical ly  unstable  in alkaline elec- 
trolytes (KOH, NaOH) but  has a reasonable degree of 
metastabi l i ty  (1). Oxygen evolution is the end result  
of the decomposition react ion 

2AGO--> Ag20 -t- 1/2 O2 [1] 

Denison (2), however, claimed that  AgO is stable in 
20-40% KOH solutions. 

Oxygen overvoltage of the local cell action and 
formation of a protective Ag~O film on the AgO is 
thought to be the reason for its metastabi l i ty  (1, 3). 
The decomposition of AgO (a) is light sensitive (4, 1), 
(b) increases with increasing tempera ture  (1, 3, 5-8), 
and (c) increases with increasing KOH concentrat ion 
(1, 7, 8). The decomposition of "Ag20~" (a reaction 
product  of AgNO3 and K2S2Os) in  KOH ( <  1N) was 
found by Stehlik (6) to be a first order reaction with 
an activation energy of 22 kcal/mole.  

The stabil i ty of AgO seems to depend on its mode of 
preparat ion (9) and the various AgO samples were 
found to decompose at different rates (1, 5, 7). Unoxi-  
dized silver metal  increased the rate of decomposition 
of AgO (3, 7) whereas Ag20 did not affect the stabili ty 
of AgO (3). Boer and Ormondt  (10) found that the 
incorporation of Mn, Cu, and Co into AgO dur ing its 
preparat ion decreased its stability, whereas Cd in-  
creased the stabili ty of (Ag304)a " AgSO4 (where a 
varies from 2 to 2.5). The presence of carbon in AgO 
bat tery  plates is claimed to have no adverse effects 
(11), whereas CO~ decomposes AgO (10). 

The addition of A12Oz to alkal ine electrolytes is 
said (12) to inhibi t  the oxygen evolution. The addition 
of ZnO to KOH electrolytes decreases the decomposi- 
tion rate of AgO to Ag20 (1, 5) and prevents  the 
reduction of Ag20 to Ag (5). According to Amlie and 
Rfietschi (1), the addition of zincate ions has little 
influence because the addition of ZnO to KOH electro- 
lyte reduces its O H -  activity and this causes the de- 
crease of the decomposition rate. Cahan (13) showed 
that  the addition of PbO to 40% KOH (and other 
electrolytes) markedly  reduced the gassing rate of 
AgO; 1% PbO was found to be the optimum. 

Yoshizawa and Takehara  (14) have shown that the 
formation of AgO was retarded by Te and Sb which 
lowered the oxygen overvoltage or made the decom- 
position of AgO easier. 

The effect of in tent ional ly  added inorganic additives 
on the electric resist ivity of AgO was described in a 
previous paper (15). It was found that  the AgO con- 
tent  of samples was very  low in the presence of small 
amounts  of Co and Ni indicating either an inhibited 
formation or an accelerated decomposition of AgO 
dur ing  its preparat ion in alkal ine medium. Since AgO 
is mainly  used in sealed cells, it is very important  to 
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know its gassing rate  in the absence or presence of 
beneficial or de t r imenta l  additives. 

The gassing, i.e., decomposition rate of AgO samples 
(prepared by chemical oxidation of AgNO3) was de- 
termined in alkaline electrolytes as a funct ion of time, 
NaOH concentration, temperature,  porosity, surface 
area ,  pelletizing pressure, and in tent ional ly  added 
inorganic additives. 

Experimental 
The AgO samples were prepared by the chemical 

oxidation of AgNO~ with alkal ine K2S208 (16). The 
inorganic additives were incorporated into AgO dur ing  
its preparat ion (15), ini t ial ly at one concentrat ion 
level: 1000 parts (element)  per mil l ion parts of Ag, 
i.e., 1000 ppm (Ag). Subsequently,  some of the bene-  
ficial and det r imenta l  impuri t ies  were studied as a 
funct ion of concentration.  

The amount  of oxygen evolved in contact with 
alkal ine solutions was determined in a modified 
Amlie-Rfietschi microvolumetric apparatus (1), "gas- 
sing pipette." The ground glass jo int  of their  ap- 
paratus was replaced by an 18/7 O-r ing joint  (Pyrex, 
Buna N rubber  r ing)  to e l iminate  "freezing" of the 
joint. Furthermore,  filling of the gassing pipette (0.2, 
0.5, or 1.0 ml  capacity) with the electrolyte and join-  
ing of the two parts is easier with an O-r ing than 
with a ground glass joint. Loose AgO powder (0.5000 
_+ 0.0002g) was used for the determinat ions  unless 
otherwise mentioned. 

The assembled gassing pipettes were placed in a 
constant tempera ture  oil bath and allowed to equili-  
brate  for 1 hr. The position of the meniscus of the 
electrolyte column after this t ime is considered as the 
zero hour reading; at least two paral lel  measurements  
were made on each sample at 37.78 _+ 0.02~ (100~ 
unless otherwise mentioned.  The measurements  were 
made in the presence of light. 

The gassing rate is calculated at various t ime inter-  
vals from the volume of the evolved gas. This gassing 
rate is a cumulat ive average gassing rate and is not 
corrected for water  vapor pressure. 

The decomposition of AgO was measured in two 
alkal ine electrolytes, unless otherwise mentioned.  One 
of them contained 8.6N NaOH and 2.2N Na2ZnO2, 
whereas the other had 9.7N KOH and 2.8N K2ZnO2. 

The data were subjected to statistical analysis. The 
"mean" parameter  refers to the average of the sam- 
ples the dis tr ibut ion of which tends to normali ty.  The 
least square method was used for regression and 
curve fittings. If the coefficient of correlation, R of 
l inear  regression was low, the data were subjected to 
polynomial  regression analysis. 

Results and Discussion 
Gas evolution as a function o~ t ime.--Figure 1 shows 

the gas evolution and the gassing rate of an AgO 
sample (98.1% AgO content)  as a function of t ime in 
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Fig. 1. Gas evolution and gassing rate of AgO as a function of time 

8.6N NaOH and 2.2N Na~ZnO2 electrolyte. It can be 
seen that gas evolved almost l inearly with time. The 
init ial  nonl inear i ty  shows up clearly in the rapid de- 
crease of the gassing rate. After approximately 200 
hr the decrease of the gassing rate is small. On the 
basis of these results and  other considerations, the 
min imum durat ion of the gassing test was chosen to 
be about 200 hr and this is the gassing rate, r200, given, 
unless otherwise mentioned. 

This test is t ime consuming (200 hr) and the long 
delay in obtaining the gassing rate is not well  suited 
for rout ine testing. It was observed that the gassing 
ra te- t ime curves were more or less parallel  to each 
other. Figure 2 shows an approximately l inear  rela-  
tion (R = 0.896) between the gassing rates of 114 
AgO samples at 20 and 200 hr (samples with re0 > 150 
~ l / d a y / g  are not shown in Fig. 2 but were taken into 
the consideration in the regression analysis) .  The 
analysis of variance for a quadratic regression reveals 
that the l inear  term is dominat ing (degree of freedom, 
df = 1, mean square, MS = 13,791), the increase due 
to the quadratic term is negligible (dr = 1, MS 
24.58), and the deviation about regression is small  (dr 
= 111, MS = 30.18). Because of low R, the gassing 
rate at 20 hr (approximately overnight)  and the l inear  
regression equation in Fig. 2 can be used only for 
semiquant i ta t ive  prediction of the gassing rates of 
AgO samples. This test, however, may be useful in the 
production of AgO and in testing a new batch of 
chemicals for sealed-cell  electrolytes. 

The mean gassing rates, r200, of AgO samples (AgO 
content ~ 95.0%) were calculated for arbi t rar i ly  chosen 
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Fig. 2. Gassing rates of AgO samples at 20 and 200 hr. 

Table I. The mean gassing rate of AgO samples in 
8.6N NaOH, 2.2N Na~ZnO2 solution 

M e a n  S t a n d a r d  d e v i a t i o n  

r ~ o ,  N u m b e r  o f  r2oo, A g O  c o n -  r2o0, A g O  c o n -  
~ l / d a y / g  s a m p l e s  / ~ l / d a y / g  t e n t ,  % / A / d a y / g  t e n t ,  % 

~ 3 5 . 0  5 2  2 3 . 0  9 6 . 1  4 . 6 2  0 , 8 2  
~ : 2 5 . 0  3 7  2 0 . 6  9 8 . 2  2 . 3 2  0 , 7 5  
~ 2 0 . 0  1 5  1 8 . 3  9 8 . 1  1 . 2 3  0 . 6 4  
~ 1 8 . 0  5 1 6 . 8  9 7 . 8  0 . 8 2  1 . 0 0  

levels and are shown in Table I. The major i ty  of the 
considered AgO samples had r200 --~ 25.0 M / d a y / g  
which clearly shows up in mean  gassing rates. The 
s tandard deviat ion of ~00 becomes smaller  main ly  due 
to the nar rower  gassing rate levels. These results 
support the observation of several workers (1, 5, 7, 9) 
that  various AgO samples decompose at different rates. 

It can be seen in Table I that  the mean AgO content 
of the AgO samples did not change appreciably with 
the gassing rate. No correlat ion was found between 
the gassing rate and AgO content  down to 60%. 

According to Eq. [1], V2 mole oxygen gas is obtained 
from 2 moles of AgO at its complete conversion to 
Ag20. Thus, 50,483 ~1 05, a, would evolve per gram 
AgO (98.1% AgO content) at 37.78~ and 760 mm Hg. 
If the decomposition is a first order reaction 

a k 
log --  - -  t [2] 

a - -  x 2.303 

should be linear. In  this equation x is the volume of 
the evolved gas/g AgO at t ime t and k is the rate con- 
stant. Figure 3 shows this to be fhe case wi th  R = 
0.9988. The rate constant  is calculated from the slope 
to be 3.09 x 10-~/hr,  i.e., 0.271/year in 8.6N NaOH and 
2.2N Na2ZnO2 solution at 37.78~ It should be men-  
t ioned that others consider the decomposition to be 
zero (7, 8), pseudo zero (7), or first order (6) reaction. 

Influence oJ concentration and temperature.--Figure 
4 shows the gassing rate of AgO at 42 hr (98,4% AgO 
content)  to increase with increasing NaOH concentra-  
tion at all temperatures  (these solutions do not con- 
ta in  ZnO).  This is in agreement  with the results in 
KOH (1, 7, 8). In  view of the large gassing rates at 
60~ r42 was chosen instead of r200 even though some 
uncer ta in ty  may exist (see Fig. 1), mainly  at lower 
temperatures.  Linear  regression analysis of the data in 
Fig. 4 (R --~ 0.983) yielded physically incorrect nega-  
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Fig. 3. First-order reaction plot of the decomposition of AgO in 
alkaline solution. 
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Fig. 4. Gassing rates of AgO as a functiQn of NoaH concentra- 
tion at various temperatures. 

t ive intercepts, i.e., no gassing would take place below 
a certain NaOH concentration. This would be contrary 
to the results obtained by others in KOH (6-8). Poly-  
nomial  regression analysis revealed that  the curves in 
the investigated concentrat ion range are predomi-  
nan t ly  l inear  and the increase :due to the quadratic 
and cubic terms is slight. The slope of the log r42 -- 
log c curve was found to be 2.2, 2.7, and 2.0 at 37.78 ~ 
45 ~ and 60~ respectively (R --  0.973). 

Figure 4 reveals also the known temperature  de- 
pendence of the gassing rate in alkal ine solutions (1, 
3, 5-8);  the gassing rate  increased with increasing 
temperature.  The rate constants, k in various NaOH 
solutions were calculated by the half- l i fe  method from 
r42 and rx, the gassing rate at the longest available 
t ime (x ~-- 42 hr) .  The activation energies, E were cal- 
culated from the slopes of log k vs. 1/T curves. The 
activation energy of the complex decomposition reac- 
tion of AgO (1, 3, 5, 7, 8, 17) was calculated from all 
data to be 26 kcal/mole.  E calculated from r42 was 
found to be 24 kcal /mole  whereas E from rx is 28 
kcal/mole.  These results are close to the following 
values obtained by other workers:  (a) 28.4 kcal /mole 
in 10-50% KOH solutions (8), it was calculated from 
gassing rates at approximately 35 hr; (b) 22 kcal /mole 
for "Ag203" in solutions up to 1N KOH (6); and (c) 
30 kcal /mole for the decomposition of AgO in air (18). 

Calculating E from Otto's gassing rates in l l .6M 
(44%) KOH solution [(7),  Table I] through the half-  
life method, one obtains 18.9 kcal/moie.  This is con- 
siderably lower than the aforementioned E values for 
AgO. If the gassing rate at 100~ i.e., r at approxi-  
mately  20 hr is neglected, 17.2 kcal /mole  is obtained 
from gassing rates at approximately 200 hr  and more. 
The difference in activation energies of the two groups 
is probably due to the decrease of gassing rate with 
time, main ly  in the beginning of the test. 

Figure 5 shows log k vs. 1/T in two zincate-contain-  
ing electrolytes. The E values calculated from their  
slopes are: 21.0 and 23.8 kcal /mole  in 9.7N KOH, 2.8N 
K2ZnO2 and 8.6N NaOH, 2.2N Na2ZnO2 solutions, re- 
spectively. The k values were obtained from gassing 
rates at 100 hr and more. These lower E values seem 
to support the aforementioned explanat ion for the dif- 
ference of E. 

- 3  i = l l l l l l l l l l l l l  

i - 4  

.1r 

- 5  

log k =10.22 -459:3 I /T  

R = 0.9995 K2ZnO2 
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8.6N NoOH,2.2N NozZnO= 
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Fig. 5. Rate constants as o function of temperature 

3.3 

Correlation oS r in various solutions.--The composi- 
t ion of the electrolyte in AgO cells is varied and the 
gassing rates are usual ly  de termined in each of them. 
This is, however, t ime consuming. Figure 6 shows the 
correlat ion of the gassing rates (r200) in two fre- 
quent ly  used ba t te ry  electrolytes. It  can be seen that  
the gassing rate in 9.7N KOH, 2.8N K2ZnO~ solution is 
approximately three times larger than  in 8.6N NaOH, 
2.2N Na2ZnO2 solution. Even though the data are scat- 
tered (R ---- 0.887), the l inear  relat ion allows a semi- 
quant i ta t ive  prediction of the gassing rate in one of 
the solutions if r is known in the other one. 

Amlie and Riietschi (1) found that the decomposi- 
t ion rate is larger in  10N KOH (40%) solution than 
even in 13.8N (40%) NaOH. This could be explained 
by the different activities of KOH and NaOH. The 
activity, a is given by a = -ym where ~ is the mean 
molal activity coefficient and m is the molal i ty  of the 
solutions. Since mKOH = 8.96, mNaOH ---~ 12.71, "YKOH ---~ 

4.82, and 7NaOH = 6.12 [obtained by linear interpola- 
tion of the published values (19)], activities are: aKOH 
--~ 43.2, aNaOH ---- 77.8. It can be seen that the activities 
are opposite to the gassing rate values and thus, the 
activities of KOH and NaOH cannot account for the 
difference in gassing rates. Unfortunately, the indi- 
vidual ionic activities are not available for correlation. 

E~ect ol pressure.--The gassing rate of loose AgO 
powder samples is measured in this work. AgO, how- 
ever, is usual ly  compressed in actual cells and there-  
fore it was of interest  to investigate the gassing rate 
of AgO as a funct ion of pelletizing pressure. Figure 7 
shows the increase of the gassing rate with increasing 
pelletizing pressure in both cases. It is evident that  
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Fig. 6. Gassing rotes of AgO samples in 9.7N KOH, 2.8N K2ZnO2 
(rKOH) and 8.6N NoaH, 2.2N Na2ZnO~ (rNaOH) solutions. 
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Table II. Effect of nontransition element impurities (added as 
compounds) on the AgO content and gassing rate of AgO samples 

in 8.6N NaOH, 2.2N Na2ZnO2 

Per iod i c  Tab le  E l e m e n t ,  AgO con- G a s s i n g  rate ,  
g r o u p  1000 p p m  (Ag) ten t ,  % ~ l / g  A g O / d a y  

- -  - -  98 .1  r2oo = 23* 

II  A Mg 97.2 32 
Ca 98.5 23 
S r  97.8 21 
Ba  97.4 33 

I I B  Z n  98.5 20 
Cd 97.7 16 
H g  97.5 22 

I I I  A1 98.6 17 
In  97.1 27 
T1 96.0 22 

IV Ge  98.3 22 
Sn  97.2 32 
P b  98.5 17 

V As  98.3 25 
S b  96.8 46 
B i  98.4 23 

bal l -mi l l ing of the AgO sample is detrimental .  The 
gassing rate of pellets made from bal l -mil led AgO was 
markedly  higher than that  of unmil led  AgO sample at 
pressures up to approximately 4 kbar;  at the highest 
pressure the difference became small. In  view of these 
results and the pressure dependence of resistivity (15), 
the pressure of the pelletizing of AgO should be kept 
to an optimized minimum.  

Influence of s~rface area.--The BET surface area 
of AgO samples did not correlate with gassing rate of 
AgO samples contrary to the observat ion of Arnlie and 
Rfietschi (1) who found a slight correlation. The mean  
surface area of 13 AgO samples is 1.12 m~/g (s tandard 
deviation, s = 0.39) and the r~o0 is 22.8 ~ l /day/g  (s -- 
3.2). The surface area increased with decreasing AgO 
content  of the samples (0.86 to 1.79 m2/g between 98.8 
and 71.8%, respectively) and with increasing rate of 
AgNO3 addition dur ing  the preparat ion of AgO (0.63 
to 0.99 m2/g between 4.25 and 34g AgNO3/min).  The 
surface area increased by ca. 50% in the presence of 
1000 ppm (Ag) Pb (1.62 m2/g) but  Sn and Hg did not 
influence it. 

The pore volume of AgO samples (determined by 
mercury  intrusion in an Aminco-Winslow porosimeter) 
showed no correlation with the gassing rate. The mean 
pore volume of 43 AgO samples (re00 ~- 35.0 ~l /day/g)  
was found to be 0.57 ml /g  (s = 0.05) at a mean  gassing 
rate of 23.7 ~ l /day/g  (s = 4.5). The pore volume (0.525 
ml /g)  of Otto's AgO sample (7) is close to the mean 
pore volume. The gassing rates of this section were 
measured in the 8.6N NaOH, 2.2N Na2ZnO2 solution. 

E~ect of inorganic additives.--The influence of 
various inorganic additives on the resistivity of AgO 
samples was described separately (15). Here, their  
effect on the gassing rate of AgO samples is described. 
Tables II and III  show the results for the investigated 
elements (added as compounds) at a concentrat ion of 
1000 parts by weight per mil l ion parts of silver used 
for the preparat ion of AgO, i.e., 1000 ppm (Ag). The 
AgO content  should not decrease due to this small 
amount  of additive unless it is detr imental .  The AgO 
contents of samples made in the presence of nont rans i -  
tion elements varied slightly but  all were > 96.0%. 
Samples with t ransi t ion elements had, in general, lower 
AgO contents and Co and Ni caused the largest drop. 

AgO samples made in the presence of nontransi t ion 
elements had, in general, low gassing rates (Table II) .  
Sb leads the list with a gassing rate of 46 ~I /day/g and 
only samples with Mg, Ba, and Sn show gassing rates 
above 30 ~l/day/g.  On the other hand, AgO samples 
with Pb, A1, Cd, and Zn have gassing rates L 20 
~l/day/g.  

The incorporation of Cd was found (10) to increase 
the stabil i ty of (Ag304)~'AgSO4 (where a varies from 
2 to 2.5) and the addit ion of A1208 (12) and PbO (13) 

* See Tab le  I. 

Table III. Effect of transition element impurities (added as 
compounds) on the AgO content and gassing rate of AgO samples 

in 8.6N NaOH, 2.2N Na2ZnO2 solution 

T r a n s i t i o n  E lemen t s ,  A g O  con-  G a s s i n g  rate ,  
e l e m e n t  1000 p p m  (Ag) ten t ,  % ~ l / g  A g O / d a y  

- -  - -  9 8 . 1  ~'.~oo = 2 3 *  

F i r s t  ser ies  V 96.0 18 
Cr  97.7 18 
M n  95.3 60 
Fe 96.4 55 
C a  37.7 88001 
Ni 38.0 9000~ 
Cu';" 97.3 65 

Second  ser ies  Y 96.6 44 
Zr  88.0 5800~ 
Mo 98.5 28 
P d  97.3 174 

T h i r d  ser ies  Ta 92.2 43 
W 98.5 171 

L a n t h a n i d e s  Ce 95.7 6484 
Pr  96.9 24 
E u  97.6 39 

A c t i n i d e s  Th 96.7 72 

* See Tab le  I. 
? Cons ide red  as t r a n s i t i o n  
1 A t  5.5 hr .  
-" A t  5.0 hr.  
a A t  4.0 hr .  

A t  69.0 hr .  

e l emen t ,  see ref.  (15). 

to alkaline electrolyte, to inhibi t  and markedly  re-  
duce, respectively, the oxygen evolution from AgO. 
The corresponding low gassing rates of Table II sup- 
port these findings. The decrease of gassing rate  of 
AgO in the presence of large amounts  of ZnO (1, 5) 
is said (1) to be due to the decrease of O H -  activity 
of the a lkal ine  solution and the zincate ions have l i t-  
tle influence (1). The 20 ~l /day/g  gassing rate in the 
presence of 1000 ppm (Ag) Zn is only slightly below 
the mean  gassing rate  and the addition of Zn seems 
to have li t t le influence. Yoshizawa and Takehara  (14) 
found that the AgO formation is retarded on a silver 
alloy anode containing 2% Te or Sb because the oxy- 
gen overvoltage is decreased or the decomposition of 
AgO is easier in their  presence. Table II shows that 
the sample with Sb has the highest gassing rate. Ac- 
cording to Amlie and Riietschi (1), the decomposition 
rate of AgO must  depend on the oxygen overvoltage. 
Yoshizawa and Takehara (14) measured the anode 
potential  of silver and its alloys (2% alloying element)  
dur ing oxygen evolution and found the oxygen over- 
voltage to decrease by ca. 100 mV according to follow- 
ing series (20): pure  Ag > Cd > Au > Pb > In  > Cu 

Te > Sb. The corresponding gassing rates are: 16.8, 2 

2 The  lowes t  r2oo u sed  (Table  I) .  
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16, - - ,  17, 27, 65, u ,  46 ~ l /day/g  in 8.6N NaOH, 2.2N 
Na2ZnO2 at 37.78~ It can be seen that  the gassing rate 
increases with decreasing oxygen overvoltage of silver 
alloys main ly  in the second half of the aforementioned 
series. 

Table III  shows the gassing rates of AgO samples 
made in  the presence of t ransi t ion elements (I5) to 
be, in general,  larger than the gassing rates of samples 
with nontrans i t ion  elements. The presence of 1000 ppm 
(Ag) Co, Ni, and Zr is catastrophic from the view- 
point of gassing rates. Samples wi th  Ce, Pd, and W 
have intolerably large gassing rates. On the other 
hand, AgO samples made in the presence of the com- 
mon V, Cr, and Mo have low gassing rates because 
they were oxidized and washed out from the precipi- 
tate as meta-vanadate ,  chromate, and molybdate,  re- 
spectively. When Mn was incorporated, part  of it was 
oxidized to permanganate  ( red-wine  colored mother  
Iiquor) and par t  of it precipitated with AgO. This 
supports the similar observation of Boer and Ormondt  
(10). The large gassing rates support their  observation 
(10) that  the incorporation of Mn, Cu, and especially 
Co into AgO dur ing its preparat ion decreased its sta- 
bility, i.e., increased the amount  of oxygen evolved at 
20~ and 77% relat ive humidity.  

Gassing rate as a function of additive concentration. 
- - I n  view of the aforedescribed, main ly  detr imental ,  
effects of the additives, it was of interest  to determine 
the effect of additive concentration. Their  influence on 
the resistivity of AgO and other per t inent  information 
were described elsewhere (15). It should be empha-  
sized that  reagent-grade  chemicals and additives were 
used for the preparat ion of AgO samples without  re-  
crystall ization or other pur i fying treatments.  

Figure 8 shows the gassing rate  of AgO samples as 
a function of additive concentration. This concentrat ion 
represents the metal  content  of the additive used in 
the preparat ion of AgO and does not necessarily cor- 
respond to its content  in the sample (15). It can be 
seen that the gassing rate of AgO samples increased 
with increasing additive concentration. The gassing 
rate in the presence of Cd (not shown) increased only 
slightly to 34 ~I /day/g at 105 ppm (Ag) Cd. 

The resistivity of AgO samples decreased in the 
presence of Pb, Sn, Hg, and Bi (15). The gassing rate 
increased slowly with increasing Sn concentrat ion and 
it went  through a small  m in imum in the presence of 
Pb. The lat ter  supports Cahan's s imilar  observation 
(13). In  the presence of small  amounts  of Hg, the 
gassing rate was small  bu t  started to rise rapidly above 
104 ppm (Ag) Hg. The gassing rate of AgO samples 
with Bi was high already at moderate  Bi concentra-  
tions. Sb and As yielded samples of high gassing rates 
without beneficially affecting their  resistivity. 

Ni and Co, ,~hich are common trace impurit ies in 
most chemicals, drastically increased the gassing rate 

Zoc~  i ' J I l l ' ' ' l  ' J ' J ' ' ' ' l  ' ' ' l . . . .  I , , i . . . .  f ,P 'A  

Iooo A - GASSING RATE AT t < 200 hrs ~A / "  Hg 

/ /  Y ~  

/"Bi , - "  

Sb ./" / /  
"" / ~ Pb 

I oo ~ S n  

"t'zoo WITHOUT ADDITIVES 

io 2 io 3 io 4 io 5 io �9 

AMOUNT OF ADDITWE {AS ELEMENT)~ ppm(Ag) 

Fig. 8. Gassing rate of AgO samples with additives which were 
intentionally added in various amounts during their preparation. 
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Table IV. Gassing rate and AgO content of AgO samples made in 
the presence of Ni, r5 in 8.6N NaOH, 2.2N Na2ZnO2 solution 

Ni, p p m  (Ag) AgO conten t ,  % r~, ~ l / d a y / g  

1000 38,0 8900 
I00 83.1 8300 

1O 96.2 1150 
1 98.2 176 

of AgO samples at 1000 ppm (Ag) concentrat ion 
(Table III) .  Therefore, it was of interest  to determine 
the gassing rate at lower Ni concentrations. Table IV 
shows the gassing rates at 5 hr to be still intolerably 
high even at 1 ppm (Ag) Ni addition. The volume of 
the evolved gas increased l inear ly  with t ime up to 5 
hr except at 1 ppm (Ag) Ni where a break occurred 
after 2 hr. 

The explanat ion of the effect of these inorganic addi-  
tives cannot  be ascertained on the basis of the per-  
formed experiments.  A correlation of the gassing rates 
with some meaningful  parameters  may shed some light 
on the influence of these additives. This, however, will 
not be at tempted here. The possibilities are numerous.  
According to Amlie and Riietschi (1), the gassing rate 
depends on the oxygen overvoltage and the physical 
characteristics (s tructure and porosity) of the surface 
Ag20 film. The BET surface area of AgO sample with 
1000 ppm (Ag) Pb was ca. 50% higher than the mean 
surface area of AgO samples without  additives. In view 
of the smaller gassing rates in the presence of small 
amounts  of Pb and higher surface areas, the porosity 
does not seem to be a controll ing factor. Cahan (13) 
ascribed the decrease of gassing rate to the presence of 
a silver plumbate  surface film. The l imited number  of 
oxygen overvoltage data on silver alloys (14, 20) seem 
to correlate with the gassing rates but  not without  ex-  
ception. 

The effect of t ransi t ion metal  additives, main ly  Ni, 
Co, Zr, and Ce, on the gassing rate seems to point to 
catalytic action. The thermodynamic,  but  more likely 
the kinetic metastabi l i ty  of AgO in a lkal ine  solution 
can be also affected by their  presence. The charge 
t ransfer  may take place in the bulk  or at the surface 
of AgO by several possible mechanisms (injection, 
tunnel ing,  t ransi t ion state).  

Suppression of gassing.--In order to determine the 
effect of beneficial additives (from the viewpoint  of 
resistivity and gassing rate) as gassing suppressors, 
AgO samples were made in  the presence of 5 ppm (Ag) 
Ni with and without  104 ppm (Ag) Hg, Sn, and Pb. The 
results are shown in Table V. Hg increased the gassing 
rate by the same amount  whether  the Hg(NO3)2 was 
added to the AgNO3 or to the alkal ine persulfate solu- 
tion. Sn decreased the gassing rate moderately,  
whereas Pb decreased it markedly  neutral iz ing the 
affect of Ni to some degree. Replacing par t  of Pb by 
Hg, the gassing rate  increased indicat ing the aforemen- 
t ioned det r imenta l  effect of Hg. The resistivity of 

Table V. Effect of additives included during the preparation of 
AgO in the presence of 5 ppm (Ag) Hi 

r2oo, # l / d a y / g ,  
A d d i t i v e  37.78~ 

AgO con-  p, o h m - c m  in  8.6N NaOH, 
E l e m e n t  p p m  (Ag) ten t ,  % a t  2.1 k b a r  2.2N Na~ZnO2 

95.7 64.0 280 

H g  10~ 96.7 2.84 405t  
H g  l 0  b 94.7 3.71 4O0T 
S n  10~ 93.4 4.05 222 
P b  10 ~ 95.5 2.63 84* 
Hg 5 • 103 95.8 1.77 122" 
Pb 5 X 103 

A t  117 hr .  
Hg(NO~)2 was  added to the  a l k a l i n e  p e r s u l f a t e  so lu t ion .  

* A t  165 hr. 
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Table VI. Effect of additives, incorporated into the 8.6N NaOH, 
2.2N Na2ZnO2 solution, on the gassing rate of AgO 

A d d i t i v e ,  G a s s i n g  r a t e ,  ~ l / d a y / g  
10'  p p m  (Ag)  37.78"C, 8.6N N a O H ,  D u r a t i o n  of r 

e l e m e n t  2.2N Na.~ZnO._, d e t e r m i n a t i o n ,  h r  

HgO 249 185 
292 161 

Na2SnO~ 246 20g 
GeO2 147 209 
P b O  105 209 

AgO samples  conta ining Pb, Sn, and  Hg are  lower  as 
found ear l ie r  (15). The AgO content  of the samples  are  
genera l ly  lower  due to the  presence of Ni. The addi -  
t ion of Pb  to AgO dur ing  its p repa ra t ion  is beneficial  
not only f rom the v iewpoin t  of electr ic  res is t iv i ty  but  
also of gassing rate.  Thus, it  is advantageous  to have 
Pb as One of the components  in any  combinat ion of 
beneficial addit ives.  

In view of the a forement ioned  beneficial  affect of Pb, 
etc. on the  gassing ra te  and Cahan's  resul ts  wi th  PbO 
(13), it  was of in teres t  to de te rmine  the i r  influence on 
the gassing ra te  when they  are  incorpora ted  in the  
a lka l ine  solution. An  AgO sample  wi th  high gassing 
ra te  was chosen (98.2% AgO content ) .  The resul ts  of 
Table VI show that  Hg increased,  Sn did not influence, 
and Ge and Pb decreased the gassing ra te  of the AgO 
sample. Since the t r end  of the gassing ra tes  in Table V 
and VI is nea r ly  the  same, the  effectiveness of the  
addi t ives  is due to the i r  presence and is independent  
of the method  of incorporat ion.  

Summary 
The volume of the  oxygen  evolved from AgO sam-  

ples in contact  wi th  a lka l ine  solutions was measured  
in a modified microvolumetr ic  appar tus  of Aml ie  and 
Riietschi (1) and the gassing ra tes  (cumula t ive  ave r -  
age) were  calculated.  The AgO samples  were  p repared  
by  the chemical  oxida t ion  of AgNO3 wi th  a lkal ine  
K2S208 (16) in the  absence or presence of in tent ional ly  
added  meta l  addi t ives  (as compounds) .  The gas 
evolved almost  l inear ly  wi th  t ime and the decrease  of 
gassing rate,  r af ter  200 hr  was small .  In  view of the  
app rox ima te ly  l inear  re la t ion be tween  the gassing 
rates  at  20 and 200 hr, r20 can be used for the  rap id  
semiquant i t a t ive  predic t ion  of gassing rates.  The 
gassing ra tes  var ied  somewhat  and  the  mean  r200 of 
52 AgO samples  (AgO content  ~95%,  r200 --~ 35 
~ l / d a y / g )  was 23.0 ~ l /day /g .  Assuming  the decomposi-  
t ion of AgO to be a first order  reaction,  0.271/year was 
obtained for  the  r a t e  constant  in 8.6N NaOH, 2.2N 
Na2ZnO2 solut ion at  37.78~ 

The gassing r a t e  increased wi th  increasing NaOH 
concentrat ion and tempera ture .  Wi th  NaOH concent ra-  
tion, r2o0 increased app rox ima te ly  l inear ly .  The act i -  
vat ion energy  for the  complex O2 evolut ion react ion 
was ca lcula ted  f rom all  da ta  to be 26 kcal /mole .  The 
corre la t ion of the gassing ra tes  in two solutions of 
different  composit ion was found to be app rox ima te ly  
l inear.  The gassing ra te  of AgO powders  increased wi th  
bal l  mi l l ing and increasing pel le t iz ing pressure.  No 
corre la t ion was found be tween  the gassing ra te  and 
surface area  or  porosity.  

The gassing ra tes  of AgO samples  made  in the  pres -  
ence of t rans i t ion  e lements  were,  in general ,  l a rger  
than  the gassing ra tes  of samples  wi th  nontrans i t ion  
elements.  The presence of 1000 ppm (Ag) Co, Ni, and 
Zr  is catas t rophic  from the v iewpoint  of decomposit ion 
and samples wi th  Ce, Pd, and W have in to le rab ly  large  
gassing rates.  The gassing ra te  of AgO samples  in-  
creased with  increasing addi t ive  concentra t ion wi th  the  
except ion of Pb at  smal l  concentrat ion.  The addi t ion 
of Pb  is advantageous  also f rom the  v iewpoint  of 
e lectr ic  res is t iv i ty  (15). 

Sn, Ge, and  especia l ly  Pb  suppressed  the  large  
gassing ra tes  of AgO samples  regard less  whe the r  they  
were  incorpora ted  wi th  5 p p m  (Ag) Ni dur ing  the i r  
p repara t ion  or only  added  to the  a lka l ine  solutions. 
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