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Abstract 

New matenals, mtroduced mto the production of lead&Id battenes, have allowed the 
development of unproved technolo@es and new designs of battery This paper remews 
advances m materials for the production of battery plates, separator materials,, and 
materials for battery contamers Dlscusslon on plate materials mcludes gnd alloys, 
mater& for non-convenhonal grids, pure lead for leady oxide for hermetically-sealed 
battenes, and granulated lead oxide 

Introduction 

Although many years have passed smce the mventlon of the lead/acid 
battery, it still represents the most unportant secondary chenucal power 
source - both m number of types and &verslty of apphcatlon The lead/ 
acid battery has mamtamed its leadmg role for so long due to its competltlve 
electrical charactenstlcs and price, and to its adaptability to new applications 
Smce the mceptlon of the battery, the technology of its production has been 
changed, more or less rapldly, dependmg on the requuements of the duty 
unposed and the exlstmg level of development of science and technology 
After World War II, efforts to unprove the battery were mtensdied - both 
from productlon and apphcatlon aspects and, more recently, from the need 
to provide safer enwonmental condltlons. These actlvlhes have resulted m 
the further development of production technolo@es and the mtroductlon of 
new types of battery design The greatest achevement m the past 20 years 
IS the reallzatlon of a hermetically-sealed lead/acid battery mth oxygen 
recombmatlon TIE may be classtied as one of five greatest advances smce 
the mventlon of the battery [l] The remauung four notable achievements 
are the pasted electrode, the use of Pb-Sb alloy for gnd manufacture, the 
development of the expander for negative electrodes, and the mtroductlon 
of separators made from synthetic matinal. 

The reahzatlon of modern productlon technology, as 1s obvious from 
the above-mentloned achevements, has been obtamed by the apphcation of 
new matenals and equipment. In both cases, necessary matenals and necessary 
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eqtnpment have been pro\qded by parallel development m the fields of 
metallurgy, chemical technology, mechamcal engmeermg, electncal engl- 
neermg, electromcs, and other speclahst dlscrplmes 

The followmg Items are typlcal of the progress made m the productton 
of lead/acid battenes (I) the mtroductlon of an mcreasmg degree of automatlon 
m order to protect the envn-onment agamst pollution that may be caused 
by lead and other harmful agents encountered m the manufacturmg process 
and to cut costs, (II) unprovement of performance charactenstlcs of battenes 
(e g , stamng ability at low temperatures, shelf-hfe, specific power and energy, 
etc ), (111) development of new types of battery (e g , mamtenance-free, oxygen- 
recombmatlon, electnc vehicle batteries, load-levellmg batteries, portable- 
power battenes, etc.) 

This remew discusses the senes of slgmficant advances LX-I the field of 
materials for the productlon of lead/acid battenes dunng the past 10 to 15 
years The matenals will be reported m the followmg order (I) matenals 
for the productlon of plates, (u) separator materials,, (us) matenals for battery 
contamers The plate materials do not mclude addltlves to the active matenals 
as it would be more convenrent to present these as part of an analysis of 
achievements m the production of pastes, due to the speclficlty of the 
addltlves 

Materials for plate production 

Gmcl alloys 
In the past 15-20 years, a senes of new alloys has been proposed for 

the gnds of automotive battenes Most of these alloys (e g , Pb-Sr and 
Pb-Sb-Cd alloys), however, have not been adopted m mdustry (21 The 
alloys now m use (I e , lead-antunony and lead-calcium types) have been 
unproved and adapted accordmg to the fabncatlon method These alloys are 
required to have technological propertles that are suitable for gnd production 
by one of the followmg processes conventional castmg, contmuous castmg, 
die castmg, expansion 

For automotlve battenes III the U S A , It IS common practice to use 
lead-calcnun alloys III the negative plates and low-antunony alloys m the 
posltlves (so-called ‘hybnd’ combmatlon of plates) In most other countries, 
alloys wth low antunony contents are overwhelmmgly favoured [3] 

Table 1 presents the various types of alloys that are presently m use, 
as well as quahtatlve estunatron of their slgruficant propertles, capabtity of 
processmg, smtabtity for mamtenance-free battenes, and cost factor The 
conventlonal lead-antrmony alloy (4 to 6 wt 96 Sb) has been mcluded for 
comparison purposes, despite the fact that It is no longer employed m 
automotive battenes Note, however, it IS now used for the manufacture of 
gnds for tubular mdustnal battenes mstead of Pt+Sb alloy contauung 9 to 
10 wt 96 Sb This replacement has been made possible by the mtroductlon 
of new castmg machmes that can handle alloys with lower antunony contents 
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As IL can be seen from the data m Table 1, alloys wth low antimony 
contents (1 5 to 3 5 wt %) are highly valued for their cost, while other 
features are close to good (fair/good) or satisfactory (fair) With regard to 
sultablllty for mamtenance-free battenes, IL should be noted that the ‘far’ 
estlmatlon refers, m fact, to battenes cnth lout mamtenance This amblgulty 
results from mcomplete and mconslstent dlstmctlon between the tenns 
mamtenance-free’ and ‘low mamtenance’ 

Alloys wth very low antunony contents (0 T to 0 5 wt % Sb) have a 
good advantage wth respect to electrical conductn?ty, and close to good 
for corrosion reastance, self discharge and cost The latter estlmatlon also 
holds for mamtenance-free apphcatlon, m which case It should be noted that 
alloys contammg G 1 wt % Sb can be used for the posltlve plate battenes 
wth oxygen recombmatlon The eutectlc at the gram boundanes m these 
alloys does not contam antimony The whole of the antunony IS located m 
a sohd solution, or IS deposlted sub-nucroscoplcally durmg agemg of the 
alloy Under these condltlons, the amounts of antunony that may be extracted 
from the posltlve grid by anodlc corrosion IS mmlmal and, consequently the 
undesu-able transfer of antrmony to the negative grid IS neghglble [ 4 1 

All three classes of calcium alloys are suttable for recombinant battenes 
Among cast-type alloys, those urlth a low-tm content (Ca-low Sn) and those 
with tm and atummnml have good charactenstlcs except for cycle life for 
which the estunatlon IS satisfactory The ease of production and cost of low- 
tm alloy are also only satisfactory Calcium alloys contammg tm and alunumum 
are used for gnd manufacture by rolhng and expansion (wrought alloys) and 
are characterized by high values for all charactenstlcs 

Decrease m antimony content has caused chfficultles m the process of 
gnd castmg Meanwhde, unprovements III the technoioa of casttng (e g , 
the W&z Cast Master machme) have made It possible to lower the content 
of antunony from 2 75 wt % to approximately 1 wt % [3 I In order to obtam 
gnds urlth a fine-gram structure, and resistance to cracks and corrosion, 
from very-low antunony alloys, it 1s necessary to use nucleatmg agents such 
as sulfur, selemum and copper m very low concentrations For alloys \wt_h 
< 2 wt % Sb, selenium IS the mqor choice of nucleatmg agent and IS apphed 
m combmatlon urlth sulfur and copper Castmg of such alloys requu-es higher 
temperatures (from 460 to 500 “C) that must be ngtdly mamtamed U-I order 
to avold losses of nucleatmg agents via deposmon m the molten metal before 
castmg of the gnds has been completed To unprove other propertles (e g , 
mechamcal strength, passlvatlon resistance), small quantltles of As (0 2 wt %) 
and Sn (0 2 to 0 4 wt %) should be added 

When first used m lead/acid batteries, lead-calcmm grid alloys contamed 
0 08 to 0 11 wt % Ca In addltlon, tm was added to prevent the formatlon 
of a passlvatmg layer at the gnd/posltlve active matenal mterface This layer 
mterfered nrlth the chargmg process of posltlve electrodes after deep discharge, 
and t.h~ decreased battery cycle life Imtlally, the tm content ranged from 
0 5 to 0 7 wt % but has now been reduced to 0 3 to 0 4 wt %, tm IS added 
only to the alloy for posltwe gnds There was <another problem to be solved, 
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namely, the high reactwty of calcium III the molten alloy. This resulted m 
the fonnatlon of large quantttles of mtermetalhc compounds as well as oxide 
drossmg This behavlour adversely influences alloy quaky and decreases 
productlvlty Lncluslons of calcium oxide m the gnds, or Its deposltlon on 
the gnd surface, cause serious corrosion problems To solve these problems, 
alummnm~ has been added to the alloy [6] through optunlzatlon of the 
process The alumu-uum content has been reduced from 0 03 to 0 05 wt % 
to 0 015 to 0 025 wt % The actlon of alummlum LS to form an alumm~um- 
oxide-nch surface film that prevents contact between the molten metal and 
au- and, hence, deters cakmm oxldatlon 

The two most unportant classes of alloys - low antunony and calcium 
types - may be further unproved by the tntroductlon of low concentrations 
of other alloymg elements, optunlzatlon of alloy content, and optmuzatlon 
of the condltlons under which gnd manufacture IS conducted 

In the past few years, two new metalhc matenals for non-conventlonal 
gnd productlon have been developed These are (1) copper-stretch-metal 
(CSM) 13, 7 ], (u) lead-coated wu-e produced by the process developed by 
the Electrosource company [ 3, 51 The use of either mater-ml gives nse to 
a slgmficant reduction m the unpedance (mtemal resistance) of the battery 

Copper-stretch-metal (CSM) 
This matenal IS manufactured by the stretchmg of copper strip The 

wqdth of the stnp IS the length of the resultmg gnds Stretched stnp IS 
subjected to the followmg operations 

(I) the stnp 1s electrolytically coated wth lead-tm alloy (which may 
contam selemum as well), and afterwards urlth pure lead, 

(II) the length of gnd IS cut to the dunenslons requu-ed, 
(III) a plastic bar IS apphed to the bottom part of the gnd by wectlon 

mouldmg, 
(iv) bars made of lead alloy are automatically cast onto the upper part 

of gnd, this renders the gnd sultable for further conventional production of 
electrodes 

The gnds produced by the above process are used only for negative 
electrodes m combmatlon mth tubular positive electrodes Such combmatlon 
of electrodes has been apphed m tractlon, submarme and load-levellmg duties 

Lead-coated WZT e 
The composite wue for gnd manufacture IS produced by computer- 

controlled apphcatlon of coatmgs of pure lead, lead-tm alloy, and 
lead-antimony (1 5 wt % Sb) or lead-calcnun alloy on to a fine wu-e of 
copper (e g , 0 20 mm dla ), glass fibre or other matenal The processmg 
IS performed m a special design of extruder The mechamcal propertles of 
the coatmgs are not unportant as the mechamcal load IS carned by the basic 
(core) wue The core and coatmg matenals are selected accordmg to the 
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battery apphcatlon Purpose-designed processes are required to prepare gnds 
from the coated mes 

Lead feedstock for leady ox-&e 
The mtroductlon of mamtenance-free, hermetically-sealed battenes mto 

the market has uutlated a re-evaluation of the maxunum amount of unpuntles 
pernusslble m pure lead for the productlon of leady oxide In the first place, 
this relates to unpuntles able to cause gassmg, 1 e , Sb, As, Se, Te, NI, Co 
and Mn The maxunum allowed concentrations for BI, Ag, Sn and Cu have 
not been reduced, because these unpuntles m the ‘normal’ concentrations 
encountered to date m pure lead do not mfluence the rate of gassmg To 
obtam lead of satlsfactory purity, it IS necessary to develop a more efficient 
process of pticatlon and to mtroduce sensltlve analytical methods of 
control Table 2 shows the typical requvements for lead punty for sealed 
automotive battenes 

Granulated Lead oxide 
Manufacturers of tubular battenes have to meet very stnct regulations 

regardmg the content of lead (lead dust) m au Factory shops m wluch 
tubular electrodes are charged wth dry oxide matenal are the mayor problem 
areas Therefore, new processes are berg developed and mtroduced to 
prevent pollution exceedmg the allowed louts One of these processes IS 
the so-called ‘wet-fill’ process, III whch the tubular electrodes are charged 
~tb a paste of adequate consistency An alternative approach IS to use 
granulated lead oxide [S 1 

Granulated oxide has good free-flowmg properties and creates little dust 
durmg handhng Thus, the apphcatlon of this mater1a.l decreases slgnticantly 
the au--borne content of lead m factory shops. On account of the free-flowmg 
nature of granular oxide, electrode tubes can be charged considerably more 
rapidly (- 5 tunes) than when usmg conventlonal oxide powder The typlcal 
chenucal composltlon and properties of granulated oxtde are given m 

TABLE 2 

Maxunum allowed concentrations of unpunhes tn pure lead for leady oxide to be used m the 
manufacture of hermetlcally-sealed automouve battenes [5] 

Element Maxunum allowed 
concentration 

W %I 

Sb 0 0001 
As 0 0001 
co 0 0001 
Mn 0 00005 
Nl 0 0002 
Se 0 00005 
Te 0 00003 
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TABLE 3 

Companson of propertles of granular oxide [8] and conventronal (blended) oxide 

Parameter Granular oxide Blended oxide’ 

Chenucal composrnon 
PbOB 
PbO 
Sulfate 
Pb 

Oxide density (g ml-‘) 
(JEL volumeter) 

BET surface area (m’ g- ’ 

Partuzle-size dlshbutlon 

a-1096 9-14% 
<2% 9-14% 
7% ml 
balance balance 
33-38 33-40 

1 17 

96 Sue range 

(wd 

0 84 

% Sue range 

b-4 

100 < 1500 99 <20 

40 < 500 7 10-15 

18 250-500 10 S-10 

13 125-250 18 6-8 

9 63-l 25 25 4-6 
12 ~63 38 <4 

‘Propnetary blends of red lead and leady oxide 

Table 3. The granulated oxide 1s prepared from a nuxture of red lead (specified 
as PbOp 111 Table 2), and leady oxide, usmg sulfunc acid as a bmdmg matenal 

The data given m Table 3 clearly show that although granular oxide 
has a mde dLstnbutlon m partlcle size there are few small particles ( < 63 
pm). Such dlstnbutlon III particle s=e allows the posslblllty for uruform 6lhng 
of electrode tubes, ~th only a small nsk of blockage In ad&tlon, there 1s 
good accesslbtity to acid to the active matenal Dry filhng wth granular 
oxide apparently has advantages over the alternative wet-fill process 

Materials for separators 

Separators have two basic roles First, bemg electrical isolators, separators 
prevent the occurrence of short-clrcults between electrodes of dflerent 
polanty Second, the separators serve as mechamcal spacers between the 
electrodes and decrease the rate of sheddmg of active matenal Separator 
materials should have the followmg unportant properties 
l good wettabtity mth regard to the electrolyte 
0 lugh poroaty, as characterized by small pore dunenwons 
0 low electrical resistance 
0 hrgh resistance to oxldatlon 



l good mechamcal propertres (these are unportant m batter?/ assembly as 
well as for operation of the batteries under \lbratlonal conditions and at 

high/low temperatures) 
0 low consumption of electrolyte ‘7s a consequence of small thickness 

The most important types of separators m use today for automotlve 
battenes may be classified m four groups 191. accordmg to the matenal 

These are 
(I) celluloslc separators m a form of leaves made of celluloslc fibers 

(wood or cotton), mecharucal~y fived and chemically protected with phenol- 

formaldehyde resm, 
(II) separators obtained by smtermg polyvmylchlonde (PVC) powder, 
(III) separators made from fine glass mlcrofibre paper, which may contam 

synthetic polymenc fibers as well, connected firmly m one piece by means 
of bmdmg matenal based on latex, 

(IV) separators based on polyethylene of high molecular mass and 
contammg purified deposlted sdlca to pro\?de mechanical strength and to 

mamtam constant wettablhty of the separator 
All the above separator types are used m a form of leaves (‘leaf’ separators), 

while the polyethylene versions can also be used successfully 111 the fonn 
of an envelope that can be sealed on three sides (‘envelope’ separators) In 
battenes \\?th gnds b‘ased on antimony alloys, both lest and envelope separators 

can be employed On the other hand, only envelope desr@;ns can be used m 
battenes urlth lead-calcium alloys The latter IS due to the madequate adhesion 
of the paste to the gnds and the need to prevent dendrites at the posltne 
electrode boundary from causmg short-crrcults 

The most Important propertles of the above four groups of separators 
are llsted In Table 4 [9] It can be seen that glass and polyethylene separators 

have the best properties Due to the low electrical resistance ofthese separators, 
higher powel values can be attamed on automotive dlschargmg at low 
temperatures, as Indicated by low values for the voltage drop at - 18 “C 
These two types of separators are also characterized by low values of acid 

displacement These allow the attamment of higher values for reserve capacity 
compared \nth cellulose and PVC separators Polyethylene separators are 
noted for then puncture resistance (on wrapping of the electrodes III separator 
material) and resistance to penetration of dendntes, due to the ve5 low 
me,an pore diameter (<O 1 pm) Glass and polyethylene separators have 
been on the market for more than 10 years ‘and efforts to Improve their 
performance are stdl in progress 

Trends m the utlhzatlon of the various types of separators for automotive 
batteries ui the IJ SA for the penod 1980-1996 are gven m fig 1 [ 101 

The scope of utlllzatlon of polyethylene separators (designated as po- 
lymenc III Fig 1) has been m progress smce 1980, while the ratlo of uttiuatlon 
of celluloslc separators has decre,ased UtAzattlon ot glass separators mcreased 
m the period from 198-I to 1987 Meanwhile, smce 1987 the utdlzatlon of 



TABLE J 

Propertles of separators made from various materials [ 91 

Property Cellulose PVC Gl‘asS Polvethvlene 

Electrical resistance 

(f1 cm”) 

25 “C 0 27 0 10 0 08 0 08 
-18 “C 0 67 0 41) 0 24 0 2-I 

Voltage drop” - 18 “C 0 137 0 098 0 049 0 049 

(V/cell) 

Ac~d drsplacement” 
ml cm-’ Cl 02 0 08 001 001 
ml/cell 39 10 58 65 1955 1955 

Mean pore diameter 
(pm) 15 00 13 00 24 00 <o I 

Puncture (g) 
DrJ 350 500 320 

Corroswe 100 150 300 

“400 4. 1 I-plate automotwe battery wth IO separators and 1 280 sp gr acltl 
‘Separator wrh an overall rtichness of 1 04 mm and dlmenslons 133 X l-18 mm 

0 
1980 1984 1987 1998 1990 1992 1996 

El Year 
Polymenc Cellulostc 

Glass Otner 

Rg I Utdlzatlon ot various types of separators for aufomotwe battenes in the U $3 1 IO] 

glass separators h,as decreased, whale the utrllzatlon of polyethylene separators 
mcreased III the U S A market m 1990 the percentage of polyethylene 
separators used out of the total quantity of all types of separators was 70% 
It IS predlcted that the share of these separators W be 90% m 1996 

In Europe, mexpenslve celluloslc separators m the form of leaves are 
mamly used, while the utrllzatlon of the separators based on slntered PVC 
IS less frequent To date, glass separators have not been accepted UI the 
European market. due to the high pnce Meanwhile, even m Europe, poly- 
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ethylene separators m the form of envelopes are begmmng to take over from 
leaf separators Although the mtroductlon of these separators IS slower than 
m the U S A , the market share UI 1990 was 54%, wth a predicted mcrease 
of up to 70% ul 1992 [lOI 

Improvement m the properties of polyethylene separators and the de- 
velopment of new types have been achieved by choosmg the most appropnate 
basic matenals (e g , polyethylene of h@ molecular mass, silica of very tie 
gram structure and adequate mmeral orl), optunlzatlon of the separator 
composltlon, and advances m the manufactunng process By apphcatlon of 
one unproved technological process, hgh quahty separators of 0 125 mm 
thickness have been produced, these are 50% thmner than those manufactured 
previously 

It 1s worth notmg the suggestion [ 111 that the separators be manufactured 
LI-I a form of coatmg at the electrodes themselves ThLs could be achieved 
by unmerslon m a solution of a sultable polymer This idea 1s presently 
bemg extended to the manufacture of a micro-tubular construction active 
matenal 1s applied to an alloy spme by unmerslon mto a paste of adequate 
composition and consistency, the applied paste 1s dned, after wluch the 
spine and attached paste is unmersed m a solution of separator matenal. 

Separators for other types of batten-es 
In the U S A , polyethylene separators have been used almost exclusively 

(>99%) for traction battenes These have replaced separators made from 
nucroporous rubber as the latter efiblt mfenor properties (e g , lugher 
thickness, higher electrical resistance, poorer mechanical properties) Sep- 
arators based on either nucroporous rubber or polyethylene have been used 
m stationary batteries m the U S.A Agam, it IS IS only a questlon of tune 
before separators made of nucroporous rubber are completely replaced by 
polyethylene counterparts 

Compared with Europe, the production of tubular-plate mdustnal battenes 
m the U SA 1s rather small. Microporous rubber separators or nucroporous 
non-smtered PVC (commercial designation PORVIC 1) separators, together 
wth wave-shaped perforated leaves (made from an appropnate polymer) as 
spacers between the separator and positive electrode, have been bu& mto 
European battenes Tkus 1s because separators made from the matenals 
specified cannot be produced with a high tluckness In the past few years, 
however, polyethylene separators of necessary thckness have been used m 
Europe for mdustnal battenes, mth elunmatlon of the need for the spacers 

L121 
In the case of recombmant battenes, the electrolyte 1s either m a gelled 

condition or has been absorbed m an absorptive glass matenal (AGM) Gelled 
technology uses conventional types of separators, wMe the AGM separator 
completely 6lls the space between the electrodes and plays the triple role 
of electrolyte carrier, separator, and a dfluslve passage for oxygen 

In the manufacture of AGM separators, a combmatlon of fibres of boron- 
silicate glass of various thicknesses (rangmg from 0 7 to 4 pm) [ 131 LS used, 



wth or wthout bmdmg matenal In order to combme good propertles for 
both modes of electrolyte unmoblhzatlon, addition of colloidal silica into 
glass separator has been suggested [ 14 1 

Container materials 

Intensive development of the organic chemical industry after World War 
II allowed the production of a urlde variety of polymenc materials that were 
suitable for various technical applications and for the manufacture of consumer 
products This mcluded materials that, accordmg to their physIcal, chemical 
and technological properties, exceeded the value of hard rubber, that, for 
a long penod, had been used exclusively for the manufacture of battery 
contamers The replacement of hard rubber by smtable polymenc matenals 
has been m progress for more than a decade and IS still mcreasmg The 
mtroductlon of new materials has enabled both the wall thickness and the 
contamer weight to be reduced In addition, the mechanical propertles have 
been unproved (e g , unpact resistance) 

In the manufactunng process of monoblock contamers for automotive 
batteries, the most frequently used matenals are polypropylene, co-polymer 
of ethylene and polypropylene, polyethylene (remforced wnh glass fibres or 
wrth kaolin as a filler), acrylo-mtnle-butadlene-styrole (ABS), and polystyrole 
Although these matenals are more expensive than ebonite, their attendant 
advantages completely Justify their application [ 15 1 Among these materials, 
the most popular IS polypropylene A battery container made from this 
material, compared wth the equivalent hard rubber version of the scame 
outer dimensions, IS 3 3 tunes lighter [ 151, has good mechanical propertles 
(both at high and low temperatures), and IS characterized by high chenucal 
resistance Thmner mtercellular walls allow the placement of a large number 
of active components (e g , electrolyte, electrodes) m the cellular space, and 
this contnbutes to an mcrease m energy density per mass and volume From 
the technolo@cal pomt of view, this matenal enables the cells m mono-block 
to be electncally connected via the process of weldmg short lead couplings 
through the cell walls, so-called ‘through-the-partition connection’ As a result, 
the electrical reslstlvlty of the intercellular Junctions IS reduced slgmficantly 
A smgle lid made of polypropylene may be connected to the body of the 
monoblock through the process of thermal wetdmg The two specfied 
technolo@ca.l operations are performed on automatic devices It should also 
be pomted out that the mtroductlon of polymenc matenals has made it 
possible to manufacture coloured, translucent and transparent cases and hds 
In thts way, the unage of the lead/acid battery as a ‘black box’ - the term 
used because of the cotour ebonite - has been ehmmated 

In recent years, there has been an mcreasmg application of foam plastic 
as a structural matenal Tlus matenal IS noted for its cellular structure and 
monohthlc non-porous outer surfaces By vutue of the cellular structure 
which, m fact, represents a porous body wth enclosed pores, foam plastics 



are L’ery good heat and electncal msulators, and m products manufactured 

from foam plastlc there IS no residual stram With these materials,, It IS 
possible to obtain components of lower weight, satisfactory rnechamcal 

properties, and high accuracy III dunenslon Foam plastics are also used for 
the manufacture of battery contamers, e g , for batteries to be operated at 

\ery low temperatures [ 16 J For these purposes, foam polyethylene IS used 
Contamers made from this mater4 with a wall thickness of 5 mm ha\e 

exhibited excellent mechanical properties, even at temperatures down to 
-60 “C Furthermore, the contarners do not change their dunenslons slg- 

nrficantly (l@o) over long periods of storage 
In the above dIscussIon, attention has been drawn to the apphcatlon of 

polymenc materials for automotive battery contamers Meanwhtle, the same 
polymerrc matenals have also been used successfully m the manufacture of 

containers for other types of lead/acid batteries, e g , tractlon, stationary, 
portable, etc 
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