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Abstract

Calcium sulphate added to the positive material of flat or tubular plates of lead/acid
battenes significantly improves performance at high rates of discharge, particularly at
low temperatures Calciura sulphate 1s added to the paste mux (flat plates) or blended
with the precursor oxide (tubular plates) Cycle life 1s unaffected, as seen by the maintenance
of the structural mtegrity of the plates This finding 1s of practical significance to battery
manufacturers

Introduction

During the last several decades, attempts to improve the electrical
performance of lead/acid batteries by mtroducing additives to the positive
matenal have met with himited success From avaiable imformation, the
composition of the positive material in commercial plates does not generally
contain additives other than lead oxide, red lead, sulphuric acid, water and,
perhaps, reinforcing fibres

Tokunaga et al [1} have examined additives with a view to raising the
discharge performance of positive plates without causing any deleterious
effect on battery cycle hfe Amisotropic graphite has been found to improve
the utihzation of the positive material This behaviour has been attributed
to an mcrease m porosity that 1s proportional to the quantity of graphite
(0—3 wt %) in the positive mux Graphite increases the thickness of the plate
during service, thus reducing the shedding of the plates by compression

Carbon black {2—4] has been tned with limited success It is reported
to affect the structure of the active material and to mfluence shghtly the
electrical performance [3]

The deleterious effect on battery life of adding barium sulphate to the
positive plate 1s well known in commercial practice Bode [5] has discussed
the phenomenon, citing the work of Lorenz [5] The latter noticed that the
cycle life of batteries 1s reduced by 30-50% in the presence of 0 5 wt %
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barium sulphate or strontium sulphate in the positive material Lorenz also
reports that calcium sulphate 1s not isomorphous with lead sulphate and
therefore has no deleterious effects on battery life Furthermore, calcium
sulphate does not act as an morganic expander

The present work shows that calcium sulphate, added to the positive
mix, enhances battery performance, particularly at high rates of discharge
Its influence at low discharge rates 1s marginal and 1s perhaps the reason
why the effect has not been reported earher

Experimental

Battery construction

The study was conducted on two types of automotive batteries one a
conventional unut (12 V, 60 A h), the other a diesel electric locomotive
starter battery (8 V, 450 A h) with tubular positives In the former case,
calcium sulphate (Anhydrous, Reagent Grade) was added to the positive mass
during the dry mixing before addition of water and acid For tubular plates,
the calcium sulphate was dry-blended with the oxide before filing The
concentration of calcium sulphate was either 0 25 or 2 wt % with regard to
the weight of the oxide Details of the batteries (12 V 60 A h) are given 1n
Table 1

In addition to the above, positive plates (previously formed, washed,
and dned) were dipped in calcium nitrate solution and the excess nitrate
allowed to drain The plates thus impregnated were subsequently dipped n
dilute sulphunc acid in order to precipitate the calcium sulphate within the
pores of the active material The plates were later washed free from acid
and nitrate

The positive muxes made with calcium sulphate were pasted on com-
mercially produced gnds, the paste weights were controlled to within +5%
Plate curing and formation were carried out using standard practices Batteries
were then assembled using commercial negative plates and sintered PVC
separators The batteries, together with reference units containing no calcium
sulphate, were subjected to an 1mtial charge

TABLE 1
12 V, 60 A h test batteries

CaSO, Battery

In positive mass wdentification
(%)

025 All, Al12, A13
20 A21, A22, A23

0 (reference) R11
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Capacuty tests

For automotive batteries, discharge performances were measured at the
C/20 rate, and high-rate discharges at 0 and — 15 °C The latter tests were
carried out on a DIGATRON-HEW 2000 discharge tester

The 8 V, 450 A h batterizes with tubular positives were discharged at
a current of 2300 A for a period of 15 s, followed by a rest period of 15
s This constituted one discharge cycle

Discussion

The results presented 1n Tables 2—6 and Figs 1-3 mdicate that calcium
sulphate incorporated into the positive mass at concentrations of 0 25-2
wt % increases the voltage at all discharge rates The effect 1s more pronounced
when the current 1s higher and the temperature 1s lower

Ruetschi [6] has listed four different types of polarization that mit the
discharge capacity of lead/acid batteries These are charge transfer (acti-
vation), mass transfer (concentration); ohmic, and crystallization polarizations
Those relevant to the present study are crystallization polarization, and to
some extent, concentration polanzation During discharge, supersaturation
of lead sulphate occurs followed by nucleation and crystallization

TABLE 2

Voltage (V) duning discharge of 12 V, 60 A h batteries at 180 A at room temperature to end
voltage of 8 V

Discharge duration Battery indentification®

min s R11 All Al2 Al3 A21 A22 A23
0 05 10 69 10 65 10 63 10 67 10 64 10 64 10 72
0 30 10 64 10 72 10 66 1071 1071 1071 10 73
1 00 10 58 10 69 10 62 10 68 10 69 10 69 10 70
1 30 1051 10 63 10 58 10 63 10 64 10 64 10 65
2 00 10 43 10 57 10 53 1057 10 59 10 58 10 59
2 30 10 33 1051 10 48 1051 10 52 1052 10 53
3 00 10 24 10 43 10 39 10 43 10 45 10 46 10 45
3 30 10 14 10 34 10 32 10 35 10 39 10 39 10 37
4 00 10 03 10 26 10 23 1027 10 30 10 30 1027
4 30 991 1016 10 14 10 18 1021 10 22 10 20
5 00 977 1005 1003 10 09 1012 1012 10 11
5 30 9 62 994 991 999 10 02 10 02 1001
6 00 943 979 977 9 87 995 991 9 89
6 30 918 9 60 959 973 978 977 975
7 00 875 933 927 955 9 61 961 958
7 30 852 852 859 929 9 39 9 37 9 34
8 00 - - - 871 8 98 893 8 86
Yield at end 7'24" 7'39" 7'38" 811" 8'23" 823" 8'17"

voltage (mun s)

*See Table 1
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TABLE 3

Voltage (V) during discharge of 12 V, 60 A h battenies at 180 A at 0 °C to end voltage of
6V

Discharge duration Battery indentification®

min s R11 All Al2 Al3 A21 A22 A23
] 05 10 09 1012 1017 10 21 1016 1013 10 18
0 30 1012 1015 1021 10 25 10 20 1017 10 22
1 00 10 05 10 10 1016 1021 1016 1012 1018
1 30 995 10 03 10 10 1015 1010 10 07 1013
2 00 9 85 995 1003 10 09 10 04 1001 10 06
2 30 974 9 87 996 10 02 997 994 10 00
3 00 962 977 9 87 994 9 89 987 992
3 30 949 9 66 976 984 9 80 979 9 84
4 00 934 953 9 65 974 971 970 974
4 30 g1i5 9 37 951 962 959 958 563
5 00 890 913 933 947 9 45 945 9 50
5 40 8 46 867 907 927 928 928 933
6 00 - 6 00 8 47 894 902 904 910
6 30 - - - 771 8 43 8 58 8 66
7 00 - - - - - 626 6 00
Yield at end 545" 6'00" 6'20" 6'41” 6'54" 7'01” 7'00"

voltage (mun s)

2See Table 1

TABLE 4

Voltage (V) during discharge of 12 V, 60 A h batteries at 300 A at — 15 °C to end voltage
of 6 V

Discharge duration Battery indentification®

min s R11 All Al2 Al3 A21 A22 A23
0 05 807 829 8 45 832 834 829 830
0 30 790 801 826 807 815 8 04 8 06
1 00 7 55 774 802 781 793 782 781
1 30 670 735 775 752 772 754 758
2 00 - 621 716 691 732 6 96 717
2 30 - - - - 657 - -
Yield at end 1'38” 2'03" 2'19" 2'15" 2'40" 217" 2'29"

voltage (mun s)

*See Table 1

It 1s mstructive to examine the extent to which calcium sulphate acts
as nucleus for lead sulphate First, calcium sulphate 1s not 1Isomorphous with
lead sulphate Second, its solubility 1s several orders of magnitude higher
than that of lead sulphate The experimental results presented here confirm
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TABLE 5

Duration of discharge of 12 V, 60 A h batteries at 3 A (C/20 rate) at room temperature to
end voltage 105 V

Battery Discharge duration
1dentification®
h min

R11 21 33
All 22 44
Al2 23 31
Al3 23 18
All 23 37
Al2 23 22
Al3 23 09

*See Table 1

TABLE 6

Effect of CaSO, on discharge capacities of 12 V, 60 A h batteries under different discharge
conditions

Discharge condition Battery 1dentification® Difference
(%)
R11 A22
C/20 rate, room temp (3 A) 21'33" 23'22" 84
180 A at room temp 7'24" 8'23" 133
180 A at 0 °C 5'45" 723" 220
300 A at —15 °C 1'38" 2'17" 397

*See Table 1

that the voltage at the end of a 5 s discharge 1s practically unaffected by
the presence of calcium sulphate The coup de fouet effect still exists The
effect of calcium sulphate 1s seen only after the discharge has progressed
to some extent Only mn the case of high-rate discharge at —15 °C are
voltages higher 1n the first 5 s of discharge

Change wn porosity

Incorporation of carbon black n the positive material mncreases the
porosity following oxidation and removal from the system In the present
study, expeniments were conducted on plates dipped m a soluble calcium
salt, followed by calcium sulphate precipitation within the active matenal
Although this treatment reduced the porosity by as much as 25%, an
mprovement mn battery performance was obtamned It may be concluded,
therefore, that the change in porosity 1s not responsible for the observed
behaviour
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Fig 1 Voltages dunng high-rate discharge of a 12 V, 60 A h automotive battery at room
temperature Discharge current 180 A, end voltage 8 V
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Fig 2 Voltages during high-rate discharge of 12 V, 60 A h automotive battery at 0 °C
Discharge current 180 A, end voltage 6 V
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Battery cycle life

Bode [5] found that calcium sulphate has no deleterious effect on the
Iife of positive plates This is supported by the extensive use of lead—calcium
alloys in maintenance-free batteries In these, the calcium leached from the
grids has no deletenous effect on the integrity of the positive material
Examination of cycled plates revealed that the shmy positive maternal normally
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Fig 3 Voltage during high-rate discharge of a 12 V, 60 A h automotive battery at — 15 °C
Discharge current 300 A, end voltage 60 V

witnessed on plates contaming barium sulphate 1s totally absent in the
presence of calcium sulphate Thus, the action of these two sulphate species
obviously proceeds via different mechamsms

Bartum sulphate encourages the lead sulphate to precipitate outside of
the structural framework On continued cycling, this results m the buld-up
of a non-conducting active material that eventually results in shedding and
fallure At present, no unequivocal explanation can be given for the action
of calcium sulphate and its beneficial influence on the positive active material
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