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Factors that accelerate the wetting of auxiliary electrodes in sealed 
lead/acid batteries 

Katsuhiro Takahashi 

Abstract 

An auxiliary electrode is a osefol means to operate successfully a sealed lead/acid battery for a long cycle life by abwrbing any excessive 
amoont~ of gas. When the auxiliary electrode becomes wet wilh electrolyte, its capability for gas absorption deteriorates and. as Q resuk the 
service life of the battery is shortened. Consequently. it is very important to identify the main factors that accelerate the wetting of auxiliary 
electrodes. An auxiliary electrode in asealedlead/acid battery is partly immersedine1ectrolyteand panlyexposedtoamixe6gasatmo4phere. 
The gas pressure in the battery cm change over a wide range with time. The potential of the auxiliary electrode is regulated to a specific value 
through the use of a non-linear type resistor. Both electrxhemical and chemical reactions occor simultaneously on the auxiliary electmde. In 
this study. various factors that accelerate the wetting of auxiliary electrodes have been identified and the degree of their individual effeas 
have been determined. As a result. it has been found that the electrochemical reaction exerts the strongest sifect. 
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1. Introduction 

The principles and construction of a sealed lead/acid bat- 

tery with an auxiliary electrode have beenreportedpreviously 

[ l-31. Such a battery is mainly used in large-size stationary 
applications. The service life of the battery is dependent 
largely on the wetness of the auxiliary electrode. Neverthe- 
less, the relevant importance of factors that promote such 

wetting has not been elucidated in detail. Accordingly, in this 

work, an identification has been made of several factors that 
accelerate the wetness of auxiliary electrodes in sealed lead/ 
acid batteries during actual operation. 

In general. the auxiliary electrode is partially immersed in 
the electrolyte and a non-linear resistor, such as a diode [4J 
or varistor [ 5 1, is connected to it [ 61. In many cases, the gas 
atmosphere in sealed batteries tends to hydrogm-rich due to 
cormsion of the positive grid [7,8J. Consequently, the aux- 
iliary electmde is connected to the positive electmde via a 
non-linear resistor so that the hydrogen gas is absorbed in the 
auxiliary electrode. 

The auxiliary electmde is subjected to very complicated 

conditions during actual operation of the battery. The follow- 

ing factors are assumed to accelerate the wetness of the 
auxiliary electrode: 
I. change of gas pressure over a wide range; 
2. regulation of the potential of the auxiliary electrode; 
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3. the electrochemical reaction (ECR) and the gas-phase 
reaction (GPR) that occur concurrently on the auxiliary 

electrode. 
The hydrogen (oxidation) reaction at partially-immened, 

platinum plate electmdes has been studied in detail [P-l I 1. 
By contrast. little attention has been directed towards under- 
standing how the wettingofapartially-inunersedporouselec- 
ucde in a sealed lead/acid battery proceeds in a mixed-gas 

atmosphere. 
In this work, an attempt has been made to measure tbc 

degree of auxiliary-electrode wetness that is imposed by each 
acceleration factor. as well as to shldy the water-repellent 
properties of potous electrodes that are prepared from various 

materials. 

2. Experimental 

Several sealed lead/acid batteries (40 Ah capacity) with 
auxiliary electrodes were constructed for test puqmses. The 
batteries were overcharged to identify the degree of wetness 

of the auxiliary electrodes and the change in operation con- 
ditions during use. The factors that accelerated the wetness, 
together with the extent of wetness caused by each factor, 
were determined from the test result.s. 



Resin- d (81 astest 
=w-+=. phite mixed 
with 25 wt.8 offluworesin co-polymer powder. Forpurposes 
of comparison. some samples were made with aw .ated char- 
coal instead of amorpboos graphite. The water-repellent 

rties of the auxiliary electrodes were evaluated by com- 
son oftbe following features. 

Water-repellent property of auxiliary electrode without 
~~yst,~t~~~dby~ sameprocedureas thatemployed 
for electmdes with catalyst addition. 

wders were mixed. press-moulded rtt 127 kg cm -‘, 
sinered at 330, 350 or 370 “C for I or 0.5 h. The 

dimensions of each sample were 30 mm X I6 mm X 4.3 mm 
2nd ‘;he weight was ahout 3.2 g. 

2.2. Test cell 

A schmauc oftbe test cell used for the evaluation of the 
gree of wemess is shown in Fig. I. The cell is provided 

two circuits: (A) and (B). Circuit (A) consists of a 
n;er source, an atxiliary electrode. and a counIerelectrode. 

lit (6) conpises a power source. a pair of electrodes 
for ga generation, a pressure gauge, a safety valve, and two 
stop-cocks. 

2.3. Expression far degree of wemess 

degree of wetness of the auxiliary electrode is defined 
as 

wemessdegree=(w,-wz)lwz (I) 

is tbe weight oftbe wet sample electrode; Wz is the 
the wet sample electrode after washing and drying. 

2.4. Evalwtion of water-repel/em properry (natural 
wetting ) 

Sample electrodes. without and with catalyst, were pre- 
pared from amorphous graphite and activated charcoal under 
various sintering conditions. For evaluation of the degree of 
wetocss under normal conditions, sample electrodes were 
partially immersed in electrolyte in a nitrogen atmosphere. 
The electrodes were maintained at open-circuit. 

2.5. Smdy qffncrors that accelerate the wemess of the 
auxiliary electrode 

2.5. I. Change of gas pressure 
Sample electrodes were partially immersed in electrolyte 

under a nitrogen atmosphere and at open-circuit conditions. 
The pressure change was progmmmed as follows: 
I. - I50 mm Hg versus atmospheric pressure for I day: 
2. + 150 mm Hg versus atmospheric pressure for 13 days. 

The test results under these conditions were compared with 
those for nalural wetting (see Section 2.4) and with those for 
cases where the sample electrodes were fully immersed in the 
electrolyte. 

2.5.2. Regulation of the pofential of the sample elecfmde 
In order to regulate the potential of the sample electrode at 

a value half-way between tha! of the positive electrode and 
thenegativeelectmdeofthe battety, theelectriccircuitshown 
in Fig. 2 was used, together with a nitrogen gas atmosphere. 

When an electrochemical oxidation reaction occurs, the 
potential shiftstowardsthenegativedirection.Cyclicvoltam- 
metry of the sample electrodes without catalyst was con- 
ducted in a nitrogen atmosphere. 

2.13. Gas-phase reaction 
Tests were performed on a sample electrode that contained 

5 wt.% Pt. The sintering condition was 370 “C for I h, for 
which previous tests showed the sample to display the best 
water-repellent property. Sample electrodes were partially 
immersed in electrolyte. A mixed gas of 80% N2 and 20% 
Hz was introduced and the stop-cocks were closed. 

The speed of the gas-phase reaction was controlled by 
adjustingthecurrentofcircuit (B) at20.40or6OmA.When 
the gas pressure reached a constant value. the speed of the 



gas-phase reaction (GPR) was equal to that of gas generation 
in circuit B. In practice, the equilibrium pressure was found 
to be below IO mm Hg versus ambient under the test 
conditions. 

2.5.4. Electrochemical reaction 

Tests were conducted on the same sample used to study 
the GPR. The electrode was partially immersed in the test 
cell (Fig. 1). The latter was filled with a mixed gas of 80% 
Nz and 20% H,. The speed of the electrochemical reaction 
(ECR) was controlled by adjusting the current of circuit (A) 
tozero,ZOor40mA.Theamountofgasconsumedwa9fwnd 
to be the same as that generated at the counter electrode. 

2.6. Gas recombination reaction on wet electrode 

Wet samples were taken from batteries with auxiliaryekc- 
v&s at several intervals during an l&month test. Bach 
sample electrode was partially immersed in tbetestcellshowa 
in Fig. 2. In order to evaluate the speed of the ekctmcbemical 
reaction @CR), a mixed gas of N,:H,,=SO:ZO was intro- 
duced and the ekctmde was maintained at open-circuit. The 
stable current was taken as a measure of the ECR. 

In order to determine the speed of the chemical reaction in 
thegas~ase(GPR),amixedgasofN2:H2:02=9:2:lwas 
introduced under open-circuit conditions. The speed of pres- 
sure reduction was determined in a closed cell and then con- 
verted into a gas-phase reaction speed for which 10.2 ml per 
min=l A. 

After these tests. the degree of wetness of the sample was 
measured and a sNdy was made of the extent of degradation 
of the recombination reaction that was caused by the wetting. 

The ekctr&e.mical behaviour of the. sealed lead/acid bat- 
tery with an auxiliary electrode is shown in Fig. 3 ia termsof 
tbc change in pressure, the hydrogen oxidation current. and 
the change in wetness of the sampk electrode. At first. the 
pressure rapidly decreased to -120 mm Hg, but then 
increased to +3tXl mm Hg versus ambiint, which is the 
opening pressure of the valve. The hydrogen oxidation cur- 
rent remained constant (zero) in the initial stages, but then 
suddenly increased when the pressure reached its minimum 
value. Finally. the degree of wetness increased gradually and 
displayed no dependence on ei+..b?r the change of pressure 
and/or cuneat. 

As noted above, the stxkkn change in piessure coi&ded 
with a sudden increase in current. Gas analysiz confirmedtbat 
this behaviour is due to a change in gas composition from a 
staphts of oxygen to a surplus of hydrogen. A significant 
change in pressure was often observed when a battery was 
chargedafterdirharge [ 3,7].Thus, it isccwludadthatsuch 

of the wetaebs is is 



lyst and those without a catalyst. Again, the effect is less than 
that imposed by the sintering temperature. 

3.3.1. Pressure change 
With apartially-immersedelectrode,thedcgreeofwetness 

wa 3.3 and 3. I mgpergofsample undcrpressurc andnatural 
wettingconditions,respectively With nfttlly-immersedelec- 
trade under pressure, the degree of wetness was 100 mg per 
g of sample. These results show that the gas pressure and the 
electrolyte pressure are in equilibrium in the so-called ‘three- 
phase’ zone of a partially-immersed electrode. 

A comparison of the degree of wetness when a sample 
electrode is potential-free and when its potential is regulated 
at the value intermediate between that of the positive and 
negative electrodes is shown in Fig. 6. It can be seen that the 
diffcrcnt sintering tcmperaturesexert an influence. The effect 
of potential is higher for sample electrodes with low water- 
repellent properties than for those with higher water-repellent 
properties. The degree of wetness of an electrode with the 
highest water-repellent property (which was sintered at 370 

“C) is about IO times greater at a regulated potential than 
under ptential-free conditions. 

A voltammogram obtained in a nitrogen atmosphere isalso 
s!?wn in Fig. 6. A small oxidation peak is observed during 
the potential scan in the positive direction. This peak is 
assum> c :J correspond to the reduction peak that is observed 
duriog the potential scan in thenegativedirection.Thisregion 
is generally known as the ‘oxygen absorption reaction zone’ 
and the potential is close to that at which the auxiliary elec- 
trode is regulated. It was not possibl. :c determine if such 
oxidation is related to the degradation of the water-repclIent 
properties of the somplc electrodes. 

During operation of sealed lead/acid batteries, thegaseous 
composition has an excess of hydrogen. Thus, the hydrogen 

oxidation current is much larger than that reported above. 
Consequently, the regulation potential shifts abaut ZOOto 300 
mV towards the negative direction from the above value. 
When the diffusion of hydrogen is limited due to the wet 
sample electrode, and thus the partial pressure of hydrogen 
on the auxiliary electrode decreases. the hydrogen oxidation 
current will naturally decrease and, as a result, the potential 
will shift again in a positive direction. In this case, the regu- 
lation potential may become an important factor in accelcr- 
sting the degree of wetness of the sample electrode. 

3.3.3. Gas recombination reaction 
Therelationshipbctweenn the current ofthegas-phnsercac- 

tion (GPR) and the degree of wcttness is given in Fig. I. 
Similarly, the relationship between the current of the electro- 
chemical reaction (ECR) and the degree of wetness is shown 
in Fig. 8. The wettability is influenced significantly by the 
ECR. By contrast. the effect of the GPR is very complicntcd. 
Whilst the degree of wetness is high for a high ECR current. 
it becomes lower when the GPR current is increased. 
Although the degree of wetness is low with a low ECR cur- 
rent, it increases slightly. It is assumed that an exotbermic 
reaction occurs to some extent on the wet electrode and, 
accordingly, the electrode drys out rather than becoming wet- 
ter by the GPR. 



It was not possible to determine which degree of wetacss 
correspondstotheendofservicelifeofanauxiliaryckftrcdc. 
As explained above. the ECR exerts the greatest effect on the 
wetness, and the wetness itself also influences the ECR. Con- 
sequently, the service life of an auxihary elcctmdc, as well 
asthatofasealedlead/acidbattery.canpossibly be improved 
when the wetness of the auxiliary electrode is pqcrly con- 
trolled. Based on the above results, it is important that the 
pmportion of the ECR is limited to below a certain degree 
and that the proportion of the GPR is increased. 

The relationship between the degree of wetness and the 
ECR is presented in Fig. 9. At first, the ECR was negligibly 
small but then gradually increased over several days as the 
electrode wetness increased. The ECR then decreased to 
about 50% of the peak value. 

The relationship between the degree of wetness and the 
GPR is given in Fig. IO. The GPR is little influenced by the 
electrode wetness. 

Several factors have ken identified as acc&rators of the 
wetness of auxiliaq electrodes in sealed lead/acid batteries 
during actual operation. In this respect, the followingconclu- 
sions can be drawn: 
I. me water-repellent pmperties of a resin-bondedauxiliary 

electrode are strongly dependent on the sinteriag 
temperature. 

2. The wetness of an auxiliary electrode is accelerated by 
potential regulation in a nitrogen atmosphcrc. 

3. The electrochemical reaction exerts the greatest inlluence 
onthe wetness.‘Ihegas-phasereactiondoesnocacccler;lle 
the wetness. 

4. The wetness influences the electrochemical reaction. 
5. The service life the auxiliary electrode. as well as that of 

the sealed lead/acid battery, can be impovcd when the 
electrochemical reaction is limited below a cettain degree 
and the gas-phase reaction is increased as much as 
possible. 
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