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Stationary Lead-Acid BatteriesWith Selenium Alloys

Summary

Lead dloys characterized by the addition of selenium exhibit afine grain structure even a very
low antimony contents (less than 2%). This structure yields acceptable castability and qudity of
the castings. The hardness which is necessary for handling the battery platesis achieved by age
hardening due to findy digpersed antimony.

Corrosion stability at constant potential or constant current proves to be dightly superior, but in
the same order of magnitude compared to conventiona antimony aloys (3 4%).

However, a congtant cdl voltage the amount of antimony released from the positive acid grid is
too small to affect the potentid of the negative eectrode markedly. Therefore, the very low
initid gassing rate, which is of the same order as experienced with antimony free batteries,
remains amost constant.

Of specid importance, isthat the well known gtabilizing effect of antimony in respect to the
positive active materid is virtudly maintained with these sdenium dloys. Thisresultsin
capacity stability as wel as rather good cycling performance.

I ntroduction

Until ten years ago the grids of lead-acid batteries were usudly made of lead-antimony dloys
containing 5-11 wt. % antimony. The necessary mechanical strength and cagtability are easily
achieved with this content of antimony. However, the unavoidable corrosion of the positive grid
liberates antimony from the grid, which proves to be both unfavorable as well as unfavorable

with respect to battery performance. On the one hand, antimony stabilizes the active materia of
the pogitive dectrode, the cycle life of the battery isimproved and passivation effects disturbing
mainly the discharge mechanism are not observed when dloys with a high antimony content are
used for pogtive grids. On the other hand, antimony migrates to the negative plate whereit is
precipitated and reduces the hydrogen over voltage. Thisleadsto lower charge voltage increased
sdf-discharge and therefore increased water loss of the battery.

As a consequence most battery manufacturers tried to minimize or even diminate the antimony
addition especidly in batteries for stationary applications where smdler demands are made in

respect to cycle service.



The present report dedls with the development and test experience of a specia group of dloys
characterized by sdenium as an dloying addictive. Using selenium, the antimony content can be
reduced to the point that the drawbacks of antimony are amost diminated, however the pogtive
effects pf antimony are largely retained.

Extensive practica experience has confirmed the advantages of these dloys.
Mechanical Strength

According to our experience the mechanica properties required for battery-gridsaregivenin
Table 1. The necessary mechanica strength of cast lead-antimony grids can be achieved by
means of:

a) homogeneous or heterogeneous aloying (natura hardness), or

b) age-hardening.
Table 1:

Required mechanical properties for indudtrid battery grids

Brinell hardness, HB (15.625/2.5-30) 12 - 14 kg/mn?
Tensblestrength, s g 45 - 6.5 kgmn?
Elongation, d g > 3%

a) Hardening by alloying (natural hardness

Fig. Lillugrates the increase of hardness by using antimony as an dloying eement. The curve
shows the hardness of as-cast grids versus antimony content of the alloys. In the case of low anti-
mony contents (< 3% antimony), the antimony forms a solid solution with leed. An dloying
element converted into a solid solution dways hardens the solvent metadl. When the antimony
content isincreased further, the solubility of antimony in lead is exceeded and two solid phases
gppear forming an intimate mixture, the so-called eutectic mixture. Asshown in Fig.1 the per-
centage of the eutectic mixture increases with risng antimony content above 4% and produces a
frame gtructure of the aloy (photographsin Fig. 1). This hard eutectic frame sructure brings
about the high natura hardness of |ead-antimony dloys containing more than 4% antimony.
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Fig 1: Natural hardness of lead-antimony alloys

b) Age-hardening

The above mentioned solid solution of antimony in lead causes supersaturation, when the usud
technique of grid casting is applied, because a room temperature the solubility of antimony in

lead is extremely low compared to the 3.5% solubility a 252° C. The reduction of supersaturation
by precipitation of findy dispersed antimony within the lead-antimony solid solution grains

causes the ever present age-hardening (Fig. 2).
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Fig.2. Age-hardening of lead-antimony alloys



The supersaturation and therewith the age-hardening of the grid, can be increased by fast cooling
immediately after casting or by applying additiona hegt trestment (' solution trestment and
sudden quenching from about 250°C). Fig. 2 showsthe effect of different treatments on age
hardening. As shown in the photograph the precipitation of very fine planes (about 10°-10™°
planesicn?) of most pure antimony (4), which are arranged parallel to the (111) planes of lead
(3) causes the age-hardening. (The high magnification was obtained by usng scanning eectron
microscopy.)

Fig 2 dso shows that the age- hardening effect decreases with increasing antimony content (5).
Thisis reasonable, because the hardness of the casted aloy is determined more and more by the
frame work of the eutectic mixture which aso reduces nuclestion difficulties for antimony.
Therefore with increasing antimony content increasing amounts of the originaly supersatured
antimony (which produces age-hardening by fine disperson) are lost due to precipitation of anti-
mony within the eutectic mixture.

c) Total Hardness

The total hardness findly achieved is the sum of naturd hardness and hardness due to age-
hardening (depending upon age-hardening conditions). Fig. 3 shows the total hardness attained
after 3 weeks. As can be seen a definite pretreatment can raise the hardness of grids made from
2% antimony dloys to vaue which are known for dloys with higher antimony contents.
However, it must be mentioned, that the amount of hardness due to age- hardening decreases
again when the grids are exposed to higher temperature (>50<200° C). Thisis caused by the
disolving or coarsening of finely dispersed antimony at higher temperature, so thet the
effectiveness of the antimony dispersion in producing age-hardening is decreased then.
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Fig. 3: Total hardness (natural hardness and age-har dening).



d) Increase of age-hardening by further additives (e.g. arsenic)

The age-hardening, which is based on findy digpersed precipitation of antimony, is not only
increased by supersaturation (specia pretrestment of grids), but so by further additives, eg.
arenic. Theinfluence of arsenic is more effective, when the supersaturation of antimony in leed
isrdaivey low (eg. for grids which did not have a specid hesat trestment). Fig. 4 showsthis
effect; arsenic does not only increase, but also accel erates the age-hardening process.
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Fig 4: Influence of ar senic on the age-hardening of lead / 2% antimony alloy.

Cadtibility
In addition to the mechanica strength required for further treetment of the grids, the castability is
another important factor for producing sound grids at tolerable cost.

The main difficulty with cagting low antimony dloysis that the decrease of antimony content ia
accompanied by the appearance of hot cracks (6-8), if no specia precautions are taken.

For example: Fig. 5 shows the cast structure of grids containing 2% antimony. The solidification
takes place in a coarse dendritic structure containing cracks along grain boundaries. Inadequate

formerly not used on alarge scale in the battery industry.



Figure5: Coarse dendritic cast structure with cracks (lead/2% antimony
dloy). (3, (b) Industrid grid (x 100).

The poor grid-qudlity of low antimony aloys can be overcome by the addition of selenium

(9,20). This addition forms a fine globulitic solidification, which results in fewer cagting faults
(Fig. 6). Thegrain Sze of an dloy containing 2% antimony decreases from about 100mm to
about 60mm, when 0.02% sdenium is added. With respect to grain refinement, seenium proved
to be superior to dl other additives (11). The formation of dendrites, which disturbs the feeding
cgpecity of the mould during casting and leads to cadting faullts, is dmost fully suppressed. With
fine globulitic solidification, uniform mechanica properties are achieved in dl directions, and
hence the ductility isincreased (9).

Using the combination of dloying dements antimony (1.5-3.5%), arsenic, sdenium (and tin to
increase the cagtahility, (11-13) with lead it is feasible to manufacture battery grids with very low
antimony contents which achieve the necessary mechanica strength within suitable ageing times,
and show the necessary grid-qudity.
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Fig. 6: Fine globulitic cast structure (lead/2% antimony/0.02 % seenium-dloy). (8) Automotive
grid (x 200), (b) industrid grid (x 200).

Electr ochemical Behavior

The so-far-mentioned metallurgica properties of aloys are of greet importance with reference to
the economica manufacturing and further trestment of grids. However, the battery-grid is not
only apassve part in the battery, but owing to unavoidable corrosion reactions it affects the
electrochemical behavior of the battery. New dloys have, therefore, to be tested very carefully
in this repect aso.

Corrosion Behavior

Due to the extremely high potentia of the positive eectrode only lead can be used as grid
materid. Thislead unavoidably is subject to gradua erosion from corroson. For battery
applications this corrosion rate must be reasonably low, otherwise the battery life islimited by
the corrosion rate of the positive grid.

Potentiostatic Corrosion Tests

The potentia of the eectrode as the most important parameter determines the el ectrochemica
corrosion of lead. Therefore, Potentiogtatic corrosion tests are very suited for comparing
corroson rates for different grid aloys. Fig.7 shows the results obtained for different lead-
antimony aloys. The samples used in these experiments were metal rods prepared carefully to
avoid any sources of error e.g. caused by poor casting quality. The applied corrosion potential
corresponds to about 2.6 Volts cell voltage.



As can be seen in Fig.7, the Potentiogtatic corrosion rate is of acomparable order of magnitude
for al tested So/Pb-dloys. On the basis of these experiments the selenium aloys can be
expected to perform dightly better concerning corrosion attack compared to conventiona lead

antimony dloys
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Fig. 7
Corrosion Experiments With Battery Grids

Corrosion tests on battery grids usualy were carried out in cells usng a negative battery plate as
the counter dectrode. Fig. 8 shows results for battery grids with reference to antimony content.
As can be seen, the reault is fundamentally different, depending on the testing procedures. When
acycling regime was gpplied, which means congtant current was impressed on the electrode, the
differencesin corroson attack are smdl. Actudly the performance should be expected, to be
very smilar to the result shown in Fig.7, because congtant current more or less means congtant

potentia of the positive eectrode.
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However, when congtant cell voltage is gpplied in the experiment, the antimony content of the
corroding grid largely is determining the result as can be seenin Fig. 8. Thereason is, that
antimony, released a the corroding postive grid, is precipitated at the negative e ectrode which
resultsin areduced hydrogen over voltage. This means that the rate of hydrogen evolution is the
same at aless negative eectrode potentia. Therefore, the negative eectrode potentid is shifted
in aposgitive direction and consequently the positive dectrode potentid is raised, because the cell
voltage is kept constant. The rise in pogitive dectrode potential leads to an increase in corrosion
which again produces antimony &t a faster rate and therefore, gives rise to increased
contamination of the negative dectrode. In thisway a sdf-accderating process originates
causng the strong effect of antimony content shown in Fig.8. The corrosion test a congtant cell
voltage therefore does not compare pure corrosion rates, but rather is a mixture of corrosion and
potentid shift by antimony contamination of the negative eectrode. However, thistest reflects
the Stuation in many battery applications, because lead acid batteries to alarge degree are
charged at constant voltage, especidly stationary batteries which are kept on a constant floating
voltage.

Therefore, battery performance in the field to alarge extent corresponds to the constant voltage
corrosion test, which shows the strong antimony effect caused by the combination of postive
grid corrosion and potentid shift of the negative eectrode due to antimony contamination.
Compared to the bare grid the rate of antimony release only is somewhat reduced at a complete
positive plate, because antimony is absorbed to a marked degree by Pb O, (14).

Battery Performance
Float Test
The above discussad antimony-effect on battery performance is stated by results of an

accelerated floating test shown in Fig. 9. Industrid beatteries of the same type were used with the

only difference that the positive grids consisted of various dloys. The floating voltage 2.23
volts/cdl
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Was gpplied as usud for sationary batteries. The acceleration of the test was achieved by
periods of heavy overcharge 3 times 100 hours at a three month time interva, which means
“Artificd Ageing” tothe cdls

Fig.9 completely states the Situation of constant voltage floating described above, discussing
Fig.8. At an antimony content of less than 2% in the positive grid, the amount of antimony
reaching the negative eectrodes is obvioudy too smdl to cause amarked effect on the eectrode
potentid, and the floating current is therefore sabilized a the low initid leve.

In Fg. 10 results of floating tests on Sationary batteries with selenium aloys are compared to
tests published by the Swiss Post Officein 1976. For hiswdl founded experiments, GERBER
used industrid batteries which were supplied by saverd manufacturers. The grid materid of
these batteries contained about 10% antimony. Some results on Stationary batteries equipped
with leed/cdcium-dloys were entered in Fig. 10 too.

This comparison again shows the advantages of the extreme reduction of antimony content
which isfeasblein sdenium dloys. The floating current a 2.23 volts/'cell is even smdler than
the floating current for “old batteries’ at 2.20 volts/'cell. Furthermore for the “ selenium
batteries’ the increase of floating current is much smaler, which means that the described sdif-
accderating process of corrosion and potentid shift nearly ceased, which will be beneficia
concerning watering intervas with e gosed times aswel as shelf life.
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Cycling Test

As dready mentioned at the beginning, besides the disadvantages of antimony, which were
discussed in the proceeding chapters, the antimony, content in the positive grid materid
contributes beneficia effects for the lead acid battery: antimony stabilizes the positive active
materid which resultsin good cycling performance and less sengtivity to deep discharges (14).



This beneficd effect of antimony isillustrated by Fig. 11, which shows the results of a cycling
test, usually applied for motive power batteries. Each cyclein thistest includes a discharge of
75% of nominal capacity, two cycles are performed per day. Inintervals of about 50 cycles, the
capacity is determined by complete discharge. For the single cell, the test isfinished as soon as
the capacity is less than 80% of nomina capacity. The cdlls used for the test shownin Fig.11
differed in antimony content of the postive grid.
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The stabilizing effect of the antimony is obvious. While the cdls without any antimony failed
after about 200 cycles (6 cdlls of each version were tested), the cdlls equipped with selenium
aloy containing only 1.6% antimony performed about 1,000 cycles. This gabilizing effect
obvioudy is an important advantage of sdenium dloys. Even for batteries which definitely are
not cycled, this stabilizing effect means less sengtivity to deep discharges which may occur
occasiondly, gpart from the fact that for many Stationary battery gpplications a certain cycle
service cannot be excluded.



