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Abstract 

A review IS presented of the substltutlon of lead by altematwe matenals m the gnds 

‘and other non-actwe current-carrymg components of lead/acid battenes The use of such 

materials IS atmed at mmprovmg the specfic electrical propertles of the battenes, 1 c 
gravunetnc energy and power densltles The materials dlscussed mclude copper, alumlnlum, 

tltamum, and lead-plastic composites 

Introduction 

Dunng the 1:30 years that the lead/acid battery has been m existence 
its technology has been contmuously unproved and perfected Notable ad- 
vances have mcluded the use of plastic monoblocks, termmal connectlon 

through the cell walls of the monoblock, the development of gnds wth radial 
ribs, optlmlzatlon of the design of the separate cells and the battery as a 

whole 

Progress m the manufactunng processes of lead Acid battenes has been 
equally successful, e g , leady oxide productlon by the Barton-pot method, 
the design of mixers for obtammg pastes \\qth stable and consistent com- 

posltlon, high-speed pastmg machmes charactet-ued by mmunal differences 
m plate weight, contmuous castmg of grids, use of low-antutmony and antunony- 
free alloys, unprovements m the curmg of newly-pasted plates, programmed 

formation of plates, perfectlon of assembly hnes, etc 
Recent fundamental research mto the morpholo@cal and phase trans- 

formatlons takmg place dunng the productlon of leady oxide and the prep- 

aratlon of paste has allowed active materials to be obtamed urlth pre-asslgned 
propertles Investlgatlons are berg also conducted mto the use of new 
matenals m the manufacture of the current-conductmg components of cells 
and battenes, I e , gnds, busbars, connectors, and tennmals This paper 
reports studies and achievements III the U S S R concernmg the use of copper 
and ahunu-uum 

*Paper presented at UNESCO Expert Workshop Theory and Practice of the Lead/Acid 

System, Gaussig, F R G , Apnl L-5, 1991 

037%7753/91/$3 50 C 1991 - ELsewer Sequoia, Lausanne 



Copper-based components 

The non-active parts of a lead/acid battery (e g , gnds, termmals, contamer, 
separators, etc ) account for a conslderable share of the total weight of the 
umt Obviously, the apphcatron of matenals of hghter weight for the current- 
conductmg components will give rise to an Increase m the gravlmetnc energy 
density of batteries In this respect, copper IS a most promlsmg matenal 
From thermodynamics conslderatlons, copper IS rather stable m sulfunc acid 
solution Hence, copper can not only be used for the manufacture of current- 
conductmg parts, but also as an active electrode matenal At the author’s 
Institute dunng the 196Os, there was created a lead-copper current source, 
the current formatron process can be represented by the followmg reactlon 

PbOz + 2H,SO, + Cu _ PbSO, + CuSO, + 2H20 

The Nemst equation for thrs reactlon IS 

(1) 

E=E,,+ 
2 303RTIg aH,SO, 2 303RT 

w ~- aH,O 4F 
IgaCuSO, 

At the same tune self-dlssolutlon of copper m the sulfuric acid nught 
occur \rla reactlon wth oxygen, I e , 

1 
Cu+2H+ +;O, - CL?’ +H,O (3) 

The oxygen source might be either oxygen from the atmosphere (especially, 
when the battery employs am stlrrmg of the electrolyte), or oxygen formed 
as a result of spontaneous reduction of lead dloxlde accordmg to 

PbOz + 2H + + SO,’ - - PbSO, + $ Oz + Hz0 (4) 

The speed of reactlon (3) depends upon the condltlons under which 
oxygen dlssotves m the electrolyte and the access of the gas to the surfaces 
of the negative electrodes Thus, despite the fact that copper IS not duectly 
soluble m the sulfunc acid electrolyte, its dlssolutlon IS mdeed possible and 
gives nse to the formation of copper oxide and, later, copper sulfate In 
addltlon, blvalent copper deposits (both electrolytically and by contact) on 
the surface of negative electrodes and, thereby, promotes self &charge of 
the electrodes and gassmg For these reasons, the surfaces of copper 
components should be reliably protected agamst contact wth the electrolyte 
This can be achieved by apphcatlon of a thck layer of lead by hot &ppmg, 
electnc vacuum spraymg, or electrolytic deposltlon The results of many 
mvestlgatlons mdlcate that the electrolytic method, mcorporatmg the de- 
posmon of an mtermedate sub-layer of tm, IS the most reliable The precursor 
leadmg IS necessary m order to ensure good etectncal and mechanical contact 
between the spongy deposited lead and its smooth surface of the copper 
substrate 
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In prototype designs, the copper current-conductmg components were 
manufactured by the method of thm stnp stampmg Later, the process was 
unproved and a completely mechanized waste-free technology for the man- 
ufacture of copper gnds of the notchmg-stretchmg type was developed (fig 
1). An example of a gnd IS shown m Fig 2 The processes of notchmg, 
stretchmg and advancmg of the stnp take place sunukaneously At the same 
tune, the edges are curled to form tube-shaped nms The only addItIonal 
operation mvolves weldmg of the bottom edges 

This technology ehmmates copper waste and reduces consumption by 
40% F’urther unprovements of the technology might result m the replacement 
of the copper edges (runs) by plastic versions 

In the U S S R., copper negative gnds are used for the manufacture of 
high-capacity storage batteries. Such battenes find service m apphcatlons U-I 
storage, floatmg and penodlc chargmg duties, e g , m telephone exchanges, 
electrical substations, atomic power stations, etc In case of tinal voltage 
control, the battenes can also be successfully used III battery-powered carts 
and trucks 

Expenence wth copper negative gnds has shown that the specific capacity 
and energy of battenes can be mcreased by at least 20% By companson, 

1 SchematIc of method for fabncatmg expa 

StiP 

rnde me ,sh copper gnds (1) press, (2) mesh, 

Rg 2 Copper gnd manufactured by procedure shown III w 1 



hlesslmg [I] has reported that the correspondmg Increase m energy for 
traction batteries with Exude lronclad posmve electrodes and copper based 
negative electrodes IS 172, 142 and 129% at discharge rates of 0 5, 2 and 
5 h, respectively 

The unproved performance of lead/acid battenes usmg copper-based 
gnds IS due to the fact that copper has a much higher electrical conductl\rlty 
than lead Thus, ohmic losses are reduced At equal drscharge current density, 
battenes usmg copper are characterized by greater power This advantage 
becomes greater urlth mcrease m the discharge current Copper-based gnds 
also ensure higher utlllzatlon of the electrode matenal on account of an 
unprovement m the current dlstnbutlon wthm the electrodes Thus feature 
IS particularly unportant m the case of large storage battenes Copper gnds 
are conslderably hghter than lead counterparts because thmner stnp can be 
employed Fmally, copper technology IS environmentally less-pollutmg than 
that usmg gnds made from lead alloys 

Aluminium-based components 

A further approach to unprovmg the gravunetnc energy and power of 
lead/acid battenes mvolves the use of alummlum and Its alloys ui the 
manufacture of the current-conductmg components This metal has a high 
electrical conductnqty and a low density As urlth copper, the employment 
of alummu.m~ IS only possible on condltlon that rehable protectlon agamst 
attack by sulfunc acid IS achieved Attempts to protect alummlum by means 
of hot or electrolytic leadmg have proved meffectlve smce the adhesion of 
lead to alummlum IS prevented by the fonnatlon of an oxide film on the 
alummlum surface 

A new thermo-dfluslon method of alummmm leadmg and tmnmg has 
been developed U-I the author’s Institute The basic operation mvolves removal 
of the oxide film from the alununmm surface, and smmultaneous leadmg, 
dunng treatment m a melt of lead chloride, I e 

3PbC12 + 2Al- 3Pb + 2AlClJ (5) 

This reactlon IS possible due to the penetration of the melt through the 
pores of the oxide film The ahmumum surface, cleaned of oxIdes, IS covered 
with lead The rehable adhesion of alummmm and lead 1s only possible when 
sohd-state mutual solublllty exists The phase diagram for lead and alumm~um 
m&cates, however, that the metals are characterized by very low mutual 
solublllty, even UI the hquld state Thus, due to the extremely lututed solublllty 
of lead m solid alurmnnun, pure lead 1s not used but rather Its alloys wth 
sliver and calcmm In the hquld state, alumu-uum and sliver exhibit unhnuted 
mutual solubtity, II-I the sohd state, sohd solutions and mtennetalhc compounds 
are formed Sliver and lead also provide unlumted mutual solubhty m the 
hquld state, m the sohd state, the solublllty of sliver II-I lead 1s 0 1% Thus, 
the mam role of sdver, or cahum, is to form a transltlon (dfiuslon) layer 
of s1gmfica.M thickness (up to 50 pm) on the alumuuum surface 
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The process  of  thermo-dLffUSlOn leading takes place at a melt t empera ture  
of  450 °C ~ t h m  a period of  3 to 4 mm The th ickness  of  the diffusion layer 
increases  with temperature ,  but the latter results m a marked accelerat ion 
of  the rate of  a lummlum dmsohit lon 

For  the p rocess  to occu r  at  lower tempera tures ,  the p lcklmg IS performed 
m a melt of  mixed chloride salts ra ther  than m pure lead chloride The 
quality of  the thermodfffusion coat ing  depends  upon  the flux compos~tion 
and the p lckhng regune The flux is r eqmred  to have mmmlal  vascoslty and 
melt ing t empera tu re  as well as azl increased conten t  of  lead chloride From 
studies m the au thor ' s  laborator ies  of  several t h r ee - componen t  salt mLx-tures 
are r e c o m m e n d e d  81°/0 PbC12-9% LiCl-10% KCI, as well as the eutectlc 
PbCI~-KCI-NaCI 

Examinat ion of  the phase d iagram for a l m n m m m  and tm shows that tm 
(as c o m p a r e d  with lead) dissolves readtly m a l u m m m m  and is quite soluble 
m lead both m the liquid and solid s ta tes  Thus, it is conc luded  a tm coat ing 
on ah immlum is capable of  forming,  on its surface,  a transit ion layer m 
which lead can dmsolve For  practical  use, the following sys tems  are rec- 
o lmnended  Pb alloy + 3 0% Sn, 90% PbCl2, salt flux, 5 3% KCI-4 7% NaCl 
The tempera tu re  of  the p rocess  is 4 6 0 - 4 9 0  °C 

It is also possible to under take  a t inning p rocess  (i e ,  without  the need 
for a inetalhc P b - S n  alloy) dtrectly m a melt  of  lead-t in ,  and sodium and 
calclunl chlorides The t u m m g  is pe r fo rmed  withm 2 - 3  nun after the coin- 
m e n c e m e n t  of  the react ion of  the flux x~ath the sample  surface  The following 
interact ion is possible 

3SnCl~ + 2Al , 2AICI3 + 3Sn (6) 

The abovemen tmned  regtmes  for thermo-dlffUslon leading and tinning 
make it possible to use ah immlum and ItS alloys for the manufac ture  of  
cur ren t -conduc t ing  componen t s ,  e g ,  inserts for c o m m c t o r s  and terminals  
These reduce  cons iderably  the ohmic  losses m voltage,  especial ly at veD' 
high discharge  rates Such inserts are suitable for large s ta t ionary batteries, 
as well as for t ract ion types  

The problem of  materials  select ion for cur ren t -conduc t ing  c o m p o n e n t s  
m posit ive e lec t rodes  is c o m p h c a t e d  by the fact  that, under  the encountered  
condi t ions  of  high potential  m sulfuric acid solution, many  metals  and alloys 
undergo  intensive anodlc  a t tack 

O t h e r  mater ia l s  

Tl tamum is one of  the m o r e - p r o I m s m g  metals  for posit ive e lect rodes  
During anochc polarization, a pro tec t ive  passive film m formed on the t i tamum 
surface  and this prevents  the metal f rom dissolving Indeed,  it is for this 
reason that  t l t anmm m used m the manufac tu re  o f  insoluble anodes  for 
certain e lec t rochemical  mdustraes Nevertheless,  the t l tamum dioxide film 
possesses  s emiconduc to r  proper t ies ,  and thus tends to insulate the current-  
conduc t ing  subst ra te  from the lead dioxide active material  Thus, the pr imary 
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task m the further development of tltamum-based gnds concerns the search 
for current-conductmg coatmgs for the metal Such coatmgs might mvolve 
vanous metal oxides of vanable composition 

Considerable attention has also been paid to the use of plastic gnds 
coated mth lead In the author’s opuuon, such gnds ~III be prunanly used 
m negative plates smce their ohnuc resistance (due to the hgh conductlvlty 
of spongy lead) 1s substantmlly lower than that of posltlve electrodes Several 
methods are known for makmg plastic-based conductive gnds, e g , remforcmg 
~th metal stnps or ribs, plasma lead spraymg, chenucal leadmg, etc In 
summary, the use of metal-plastx composite gnds IS a promlslng approach 
to mcreasmg the hfe and gravunetnc electrical charactenstlcs of lead/acid 
battery plates. 

It 1s known that optunum electrode hfe can be acheved when tubular 
posltwe electrodes are used Modem tubular-plate design rehably prevents 
the softemng and sheddmg of posltlve actrve material, as well as reduces 
the corrosion rate of the current-conducmg spmes On the other hand, tubular 
plates are much thxker than their pasted counterparts and thus lowers the 
number of plates per block, 1 e , reduces the capacity at h@ dLscha.rge rates 
Furthermore, it IS known that the mtemal resistance of tubular-plate battenes 
1s shghtiy higher than that of battenes usmg pasted plates Thus, it IS ticult 
to use tubular-plate designs for pulsed-discharge duties 

Recently, some firms have begun to use electrodes of the ‘smgle-armour’ 
type The design of such electrodes 1s as follows Plastic nets are welded 
to both sides of conventional cast alloy gnds The thclmess of the metal 
part of the gnd 1s approxunately one-third that of a conventional cast gnd 
The total thxkness of the central metal part and the outer two plastx nets 
IS equal to the thickness of a cast gnd Such an arrangement reduces by 
approxunately one-thud the weight of the gnd, thus makmg it. possible to 
mcrease the spectic energy of the battery. After the pastmg, an ‘armour 1s 
apphed to the plate surface The latter 1s then welded to the plastic nets 
and connected along the edges of the plates. Thus, a smgle-annour plate 1s 
created wth the combmed advantages of a pasted design, vvlth respect to 
h@ &charge charactenstlcs, and of a tubular vanety, \~lth respect to 
durability Such plates can be used effectively u-~ traction, stationary and 
&esel-locomotive semce 

The above dlscusslon of the substltutlon of lead m gnds by altematlve 
matenals has lughhghted the advantages to be gamed m terms of unproved 
battery performance Ad&tlonal fundamental and apphed research IS necessary 
to maxumze the effect of these matenals 
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