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1. CTRI C STORAGE BATTERI ES TECHNI CAL FI ELD The present invention relates
to d acid elec- tric storage batteries, and is particularly concerned* 5. *
W t uch batteries of sealed or reconbinant type jg which the gas evol ved
during operation or charging is induced to recon%b%ﬂqsliﬂm the battery at .
tHe battery el ectrodes. BACKGROUND ARTR 10. ‘Reconbi nant | ead acid o
batteries are known and teach the use of reduced anmounts of el ectrolyte. €
The present invention is based on the -giscoyery that surprisingly gas
“reconbi nati on- can be achi eved at defined high degrees of saturation and-

this produces 15. the advantage of nore efficient utilization of the

active material. DI SCLOSURE OF THE | NVENTI ON. The invention can be- used

with a range of battery types including autonotive batteries, aircraft 20.

batteries and electric stgﬁégﬁlgagwﬁgﬁgﬁsyéfgﬁkgggor provi di ng, in body
portable form the power - ; r exanple to power a
m ner's capEEéHHEEigh_Eﬁﬁhﬁtion wi |l be described with particular reference

to mner's cap | affe D9bE8EARS indention rdPAfO¥CEo §BRJ BWARY iPfbc2l though
descri bed wth refergﬁﬁe to bgpteﬁeégni% not res?r?cted toqgéﬁggiies but

i s al so appl5dh| S BRER nPRE CLELES s 311d shF r RATYLGBAAT e qoncarREE he
clai me5t,0 batitd issch battaphivde of nEL16@! b5 WebbmnBihadit t34ein

which -the gas evolved during operation or charging is
induced to recombine within the battery at the battery
electrodes. ]
BACKGROUND ART _ ,
" 10. Recombinant lead acid batteries are known and
teach the use of reduced amounts of electrolyte.
The present invention is based on the discovery
"that surprisingly gas recombination can be achieved at
defined high degrees of saturation and this produces
15. the advantage of more efficient utilization of the
active material.
DISCLOSURE OF THE INVENTION.
The invention can be used with a range of béftery

types including automotive batteries, aircraft
20. Dbatteries and electric storage batteries suitable for
providing, in"body portable form, the power needs of
an individual, for example to power a miner's cap lamp.
The invention will be described with particular
reference to miner's cap lamp batteries.
25. Moreover, the invention, although described with
- reference to batferies, is not restricted to batteries
but is also applicable to single cells e.g. spirally
wound cells, and the claims to batteries thus include
single cells within their scope.



2. Thas.according to one aspect of the present invention there is provided (ﬁé
a%econsf nant | ead acid electric storage battery in which the positive and
negative el ectrodes are separated by separators of 5. el ectrolyte and gas
per neabl e conpressible fibrous material having an el ectrol yte absorption
rati-e, of at |east 100% the volunme E of Zlectrolyte in the battery after
fogqgtion being at least 0.8 (X+Y), wheré*X is the total pore volune of the
separators in the dry 10. state and-Y ks, the total pore volune of the
active electrode material in the dry fully charged state, the battery at

| east when fully charged having substantially no.free unabsorbed

el ectrol yte, whereby substantial oxy- gen gas reconbi nation occurs in the
battery at charging 15. rates not in excess of C/20. The current conducting
el.enents may be nmade_of pure lead or lead calciumar |ead-calciumtin
alloys or pre- ferabf3usngcePRetngater PAR- ARPERtcRE FH6VIRRESETS: 1 ong

sel f-supporti ngi fwagkion ham@lbediangraaiaee gl eelbaBanat® Hdwevesidt he
current conducting el enents of and

at Teast qne of the_electr.ode groups
oreforably tho SHEETTLE. SFOTERB Bt EEEY el FpLicin e, BOS I SrANGI | ead
al | oy cont ai ni negdtieaséldcitoligsWerghteparatedy byl paridtors af al | oy may

GO R T NT T B TR P I T S
reconbi nati on vEtetizl dmavisgngnoelexperolytiev@absurminmn datimdfian in
conpari son with {onery 384! "PRY G81LAR" FAL'OXS JASIBME Al SR O LDES
after formation being at least 0.8 (X+Y), where X is
the total pore volume of the separators in the dry
10. state and Y is the total pore volume of the active
electrode material in the dry fully charged state, the
battery at least when fully charged having substantially
‘no free unabsorbed electrolyte, whereby substantial oxy-
_gen gas recombination occurs in the battery at .charging
15. rates not in excess of C/20. '
The current coﬁducting élements may be made of pure
lead or lead calcium or lead-calcium=-tin alloys or pre-
ferably any other material-which can provide a stﬁong
self-supporting readily handled and pasted electrode.
20. However, the current conducting elements of at least
one of the eleCtrode_groups and preferably the positive
electrodes preferably consist of antimonial lead alloy
containing at least 1.0% by weight antimony.
The antimonial alloy may contain up to 12% by
25. weight antimony but desirably contains 1 to 6% by .
weight e.g. 1% to 4% by weight, since the latter range
achieves gas recombination whilst'economising on expen-
sive antimony. In addition in comparison with lower
antimony content alloys the material can be more



3/ readily cast and is nore resistant to grid growh. Wil st the ant i nony '\%
. C hte t can be as low as 1%it is preferably in excess of this in order tog* {
ve good hardness and pastability within hin reasonabl e periods 5. :
after casting. In addition whilst the antinmony content may be as high as

~~3%it is preferably less than 396503as to keep the tendency of the pl at es -
.to gas to a.relatively low | evel as®tonpared with the gassing tendency \’J

observed in flooded systems for such hi-gher 10. antinony contents. Thus
preferred range is 1.01%to 2.99%e.g. 1.1 to 2.9 to 1.2 to 2.8% by wei ght
antinmony. Preferably the current conducting elenents of only the positive
el ectrodes are made froma lead antinony 15. alloy and the negative is a

| ead-cal ciumtin alloy or a |l ead-calciumalloy or other mechanically strong
alloy or grid material adapted to produce a strong self sup ortlng readily
handl ed andegsstlod Ceﬂséttarcfgel%rm% ere2hgTensug§n enilid sEowtt bei ng soft

can introduce 2Gms OB Lty AS5RPDLY. alnl Be B3t b8 a%n(i%h' gh grid

growt h. Anqt her pre erred ant i noni al use in the present invention
contai ns’ 21% d§ 2 Qi?ﬁh#ﬁ)nlyn *x¢es9. 8l B?-ﬁei‘-@h?”&ﬁ?eﬁr‘oc aé‘h@-e'“t‘ﬁ 2 to

0.49% or 0O %’édt hadRinds H%rid Sﬁélé@abf’liﬁyo"l%&ﬁ Y@'a%@ha@ﬂléo%reﬁdhs 0.02 to
005%copp o 0.5%Db 4% ti-n and 0 to 0.5%

y
by wePght aditem lﬁ'ﬁsér”d‘g \cl}\f}l%é%l'@l%%‘gg%ﬁtuﬁ?‘&n&n&%nﬁ GATHeRE
preferred anlalwxbecm“socs:lg_hcusfm% ibeiguprefe-ablgudiesiss thar 8% Mat es

as to keep the tendency of the plates to gas to a
relatively low level és-compared with the gassing
tendency observed in flooded systems for such higher
10. antimony conténts. Thus a pre‘e“fed range is 1.01%
to 2.99% e.g. 1.1 to 2.9 to 1.2 to 2.8% by welght
antimony.
Preferably the current conducting elements of only
the positive electrodes are made from a lead antimony
15. alloy and the negative is a lead-calcium-tin alloy or
a lead-calcium alloy or other mechanically strong alloy
or grid material adapted to produce a strong self
supporting readily handled and pasted electrode or pure
lead though this material being soft cah.introduée
20. problems in the éssembly of the battéry and high grid
‘growth. :
Ancther preferred antimonial alloy for use in the
preseﬁt'invenfion contains 2.3 to 2.8% antimony, O to
0.5% by weight ‘arsenic e.g. 0.2 to 0.4%9% or 0.25 to -
25. 0.4% arsenic, O to 0.1% by weight copper e.g. 0.02 to -
0.05% copper, 0 to 0.5% by weight tin, e.g. 0.02 to
0.4% tin and 0 to 0.5% by weight selenium e.g. 0.001%
to 0.5% gelenium and a particularly preferred alloy
composition for the current conductors of the plates
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4,;isg2.3 to 2.8% by wei ght antinony, 0.25 to 0.35% by wei ght arsenic, 0.10
to®. 14% by weight tin, 0.02 to 0.05% by wei ght - copper, 0.002%to 0.005% by
wei ght sel eni um bal ance substantially |ead. 5. The charging rate is
desirably kept at not greater than C/'15 and preferably less than T 20 e.g.
C/20~to C/60. The volume of electrolyte js desirably in the range 0.8 (X+Y)
to0.99 (X+Y) and especially at least 10.° 0.9 (X+Y) or even at |least 0.95

~(X+Y). These val ues enable the active.material to be utilized nore
efficiently. than when | ower anpbunts of electrolyte are used. It has al so
been found that reconbination can 15. still occur at the negative

el ectrodes at these very high |evels of saturation of the pores which is
con- trary to. what is conventional in reconbinant sealed | ead acid cells.
The ratio of X.to, Y may he j,n.the range 6:1.to 20. -1l e.g. 5.1 to 1.5:1
or nore pefera&@y2431ﬁ§)%t§§:Py'ﬁﬁi 50??5+W?%yac?réé Fﬁtgrﬁgﬁ PXtio is at
| east 0.05 e. gwedlghteadisdhilh, . X0 teaS!10% 1Byandightt agnrabi.@2o0ftq err] in

ol ectrodes cal D98 Ry A oqRbEk, - PB2h €l 0T OBV oPEr HETEHE, (e
range 0.10 to Gederdsmecitdlande Jdubsténtbadly. 18ad0 to 0.50. Theratio of
xggﬁ : \e/f ‘ngl Eafgi ie‘é%?e‘:tdﬁ’aeré?ﬁge "h&fe 05t QQSE?‘éﬁiycﬁeﬂ'@gtV\%wth@cat%g lve
than C/15 and preferably less than C/20 e.g. C/20 to
C/80. |
The volume of electrolyte is desirably in the .
range 0.8 (X+Y) to 0.99 (X+Y) and especially at least
10. 0.8 (X+Y) or even at least 0.95 (X+Y). These values
" enable the active material to be utilized more
efficiently than when lower amounts of electrolyte are
"used. |
It has also been found that recombination can
15. still occur at the negative electrodes at these very
~ high levels of saturation of the pores which is con=-
trary to what is conventional in recombinant sealed
lead acid cells. _ - ‘
The ratio of X to Y may be in the range 6:1 to
20. 1:1 e;g._5.5:l to 1.5:1 or more pefefably 4:1 to 1.5:1.
The electrolyte active material ratio is at least
0.05 e.g. at least 0.06 or at least 0.10 and is the
ratio of H,S0, in grams to the lead in the active
material on the positive and negative electrodes cal- -
25. culated as grams of lead.
It is preferably in the range 0.10 to 0.60
especially 0.11 to 0.55 e.g. 0.20 to 0.50.
The. ratio of negative to positive active material
on the basis of the weight of active material calculated
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BQas | ead may be in the range 0.5:1 to 1.5:1 e.g. 0.6:1to 1.4:1. The use
ratios below 1:1 is contrary to what is conventional in recombinang x?
eries but we find that reconbi nant operationr can be achi eved at 5.

THese ratios and they have the advantage of providing nore positive active

r~material for the sanme cell vol une. ye thus prefer to use ratios in the .-

- range 0.6:1 to 0.99:1 e.g. 0.7:1t070.9:1. As nentioned above the separakgg
material is a 10. conpressible absorbent f.ibrous naterial having an <

.electrolyte absorption ratio of at |east 100%e.g. 100 to 200% especially
110 to 170% It is electrically non-conducting and el ectrol yte-resistant.

El ectrol yte absorption ratio is the ratio, as a 15. percentage, of the

vol une of electrolyte absorbed by the wetted portion of the separator
material to the dry volung of that portion_of the separator naterial which

i s wetted2swiardh Ra¥ iBe oknt Hhe grgngeplr at ér tRateSi'd -£-sBferded

vertical | yahoue B, bore ois@0cf ague9us peliBAUL:Q 46 dorltedrplag e of 1.270
SG con- taining 0.01%Db melggt sodi um au%¥l ul phonate with 1 cm of the
LBEhtoP

| over end "§¥% P MR HHeRELdiRNTRRR eES DU W4y state
W cki ng cdidid ithathase besbinenathegeabtionr caat be laeihvildwer] i dity -of |ess
The_ thi ckne s neasured with a

o ; ;
m cr Grtet RS HBANTGAR 10K BYepaBeare VAR LhBeElh PR Pt area of
200 squar enand Ipowitiee (aotiaveomndiieréali flort hhenstEmed aflBridliwhe.

We thus prefer to use ratios in the range 0.6:1 to

0.99:1 e.g. 0.7:1 to 0.9:1. '

As mentioned above the separator material is a
10. compressible absorbent fibrous material having an

electrolyte absorption ratio of at least 100% e.g.

100 to 200% especially 110 to 170%. It is electrically

non-conducting and eleétrolyte-rééistant. | -

Electrolyte absorption ratio is the ratio, as a

15. percentage, of the volume of electrolyte absorbed by
the wetted portion of the separator material to the
dry volume of that portion of ‘the separator material
which is wetted, when a strip of the dry separator
material is suspended vertically above a body of

20. aqueous sulphuric acid electrolyte of 1.270 SG con-
taining 0.01% by weight sodium lauryl sulphonate with
1 cm of the lower end of the strip immersed in the
electrolyte after a sfeadystatewicking condition has
been reached at 20°C at a relative humidity of less

25. than 50%.

The thickness of the separator material is
measured with a micrometer at a loading of 10 kilo-
péécals (1.45 psi) and a foot area of 200 square
millimetres (in accordance with the method of British
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6' standard specification No. 3983). Thus the dry volunme of the test sanple(ééa
i S'ereasut ed by mul-tiplying the wwdth and | ength of the sanple by its

t hi ckness neasured as described. S. . We also prefer that the
separator material should have a.-w cking height of at least 5 cns on the
above test, nanely that the electrolytegshould have risen to a height of at
Ieggy-S cms above the surface of the electrolyte into which the strip of
separator material 10. drips when the steady state condition has been
reached, so that good electrolyte distribution is achieved in each cell. W
find that these two requirenments are met by fibrous blotting paper-Ilike
materials made fromfibres 15. having dianeters in the range 0.01 m crons
or less up to 10 mcrons, the average of the di ameters of-the fibres being

|l ess than 10 Mg GLQRS & égeie raf*%lo S 5@y 5 ”Tﬁﬁ?”%hetﬁﬁg“%bﬁﬂheto

fibre density ratio, na e weight o rous materia
20. in grans/s@@aﬁ@%n?ﬁﬁ?t%ﬁWRﬁ?(kﬁﬁﬂ%@svﬁe%r%MBPB&BFElﬁéﬁglﬁéﬁryléﬁhthe

material from whicchddya vk winltiadadp be esy af €5 eRecRhEEST AbkY ubeldnasat
| east 20 preferably at | east 30 and especially at |east 50. This

combi nat i on of 4§SGFEM&%s gives a nmaterial 25. which is highly resistant
to "treei gg through'e naIg) ypros fa htl@itlend gepdrhates maeerike pOTUlde

WISt at the SEYE A ME VI MRHERE P8 AEnDSRArl SHBUARS IR Aedbed
el ectrolyte, test, namely that the electrolyte should have risen to
- a height of at least 5 cms above the surface of the
‘electrolyte into which the -strip of separator material
10. drips when the steady state condition has been reached,
- so that good electrolyte dlstrlbutlon is achieved in
each cell.
' We find that these two requirements are met by
fibrous blotting paper-like materials made from fibres
15. having diameters in the range 0.0l microns or less up
to 10 microns, the average of the diameters of- the
fibres belng less than 10 microns, and preferably less
than 5 microns, the weight to fibre density ratio,
namely the ratio of the welghtof'the fibrous material
20. in grams/square metre to the density in grams/cubic
centimetre of the material from which the individual
fibres are made preferably being at least 20 preferably
at least 30 and especially at least 50.
-~ This combination of properties gives a material
25. which is highly resistant to "treeing through",
namely growth of lead dendrites from the positive
electrode in a cell to the negative electrode pro-
ducing short circuits,-whilst at the same time even
when containing large amounts of absorbed electrolyte,



till providing a substantial degree of gas transm ssion capability.
;phbi nant | ead acid batteries, in which gas re- conbination is used to *
m nat e mai nt enance during use, 5. . operate under superatnospheric
essure e.g. from1 bar (atnospheric pressure). upwards and due to the
~r~westricted amount of electrolyte, they high electrolyte absorption ratio of
- -t he separator, and the higher electrochem cal eff|C|ency of the negativ

el ectrode, the battery 10. operates under-the so-called "oxygen cycle".

Thus oxygen generated, during charglng or overcharging, at the positive S

transported, it is believed, through the gas phase in the separator to the

surface of the negative mhich is danmp with sul phuric acid and there 15.

reconbines with the lead to formlead oxide which is converted to |ead

as pressurBorpt SRV ibiBa g Sl GhGmaf At Bl R aRRaER st incC 01

t he 20. nega&pabiddtciyve naterial enabl es the negatlve el ectrode to effect

reconbi nati on OfREESmBﬁ%% % Hrggﬁ #“bi%%%¥¥§% i yg @ﬁegﬁr gg uen at t he

begi nning of the'C necessary ave an
excess wei gnpmbinﬁeg@n is a@tad/etmlewma‘eervpexe‘aeneneﬁedgsz-nsoyseuve

acti veg mat eagakatéowse&n RERTLERUpIPRL &4 A0 Shrd e, B2 ERGK T2Kabe

faC|I|tated ¥ t he_use of a nunber of features I n conbination. Thus flrstly
one deS|rabK9 gpgph@ggx{mggsqﬂgﬁg upwards and due to the restricted

amount of electrolyte, the high electrolyte absorption
ratio of the separator, and the higher electrochemical
efficiency of the negative-electrode, the battery

10. operates under the so-called "oxygen cycle'. Thus -

oxygen generated, during charging or overcharging,

at the pos1t1ve is transported, it is believed, through

the gas phase in the separator to the surface of the

negative whlch is damp with sulphuric acid and there
15. recombines with_the lead to form lead oxide which is

'~ converted to lead sulphate by the sulphuric acid. Loss

of water is thus avoided as is excess gas pressure in-

side the battery.

The higher electrochemical efficiency of the

20. negative active material enables the negative electrode
‘to effect recombination of the oxygen produced by the
positive electrode even at the beginning of the charge
cycle. Thus it may not be neeessary to have an excess
weight of negative active material compared to the

25. positive active material.

However recombinant operation of the battery may
be fac¢ilitated by the use of a number of features in
combination. _

Thus firstly one desirably provides that, under
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8. thg charge and di scharge conditions, under which the battery is design

t®, operate, the capacity:of the negative electrodes in each cell will
norimal |y and ‘desirably al ways be in excess of that of the positive 5.

el ectrodes. The el ectrochemi cal
general greater than that of the positi

nunbers of cycles of chargé and discharge and as the tenperature of

operation is reduced bel ow anbient (i.e.
may thus conveniently be 15.

active material (calculated as |ead) conpared to the positive active
material in each cell. Secondly one provides a restricted anount %gi
el ectrol yte as théichargsoendaddschrrgey condifdensoedinder WNigharlg or

o Pedi-ghs 61 8651 ghihe :808Rehticd)) HHd @apuciep desard bed and
Ich 1s onpr

desirably havi
defi ned above,

surfaces of thenegativedesecingdffi én RASTWELIngFdt AgFMdY Rt ivity,

. C ssible, So_as tqQ conformclaosely to the

whereby transm gssPPapiyehefaydobe ihOlKcRsand el aftile quosiciven
between the electrodes 1s facilitated and preserved i ndependent of the
orientati or of $HRCEBPE®Swhi|st gas trans- mission: through the open spaces

in the separator is TRentakaedoshemmiataladaifliaticeranyd ofipthle gasgativen ssion

10.

15.

20.

25.

electrodes is in general greater than-that:of the
positive electrodes but it must be born in mind that
the efficiency of the negative electrodes drops more
rapidly than that of the positive electrodes both as
the cells undergo increasing numbers of cycles of
charge and discharge and as the temperature of |
operation is reduced below ambient (i.e. 25°¢).
Excess negative capacity may thus conveniently be
ensured by providing an excess of negative active
material (calculated as lead) compéred to the positive
active material in each cell.’ |
Secondly one provides a restricted amount of
electrolyté as defined above and thirdly one provides
a separator, desirably having a high electrolyte
absorption ratio as also described and defined above,
which is. compressible, so as to conform closely to
the surfaces of the electrodes, and which has wicking
or capillary activity, whereby transmission of elec-
frolyte and electrolytic conduction between the
electrodes is facilitated and preserved independent
of the orientation of the cell, whilst gas trans-
miésion;through'the open spaces in the separator is
maintained so that adequate and rapid gas transmission

[err]) Excess negative capacity
ensured by providing an excess of negative

&

efficiency of the negative electrodes is in
e el ectrodes butit nmust be born in
nd that the efficiency of the negativé@-el ectrodes drops nore 10.

m | rapi dly
th that of the positive electrodes both as the cells undergo increasing



9 betmeen the el ectrodes-is also ensured. Use of a fibrous separator Y

- haV|ng very small fibre dianeters ensures that the open spaces in thes 5
separgtor are highly tortuous thus fulfilling the requirenent that 5. t he
se tor resist "treeing through" as described above. |f the charging

~>colidi t ons generate oxygen at a fastgr rate than-it can be transported to

" .~th gative and react thereat, then’the excess oxygen is vented 10. frQm
the battery. The container of the battery is thus provided with gas
venting neans. The gas venting means preferably take- the formof a
non-return valve so that air cannot obtain access to the interior of the
battery although excess gas generated therein can escape to 15. atnosphere.
The lid of the container may be formed with filling apertures to permt
electrolyte to be introduced into each cell. The filling apertures may be
cl osed aft ebettwees ddte ctlretredededd aligedenauree closures shoul d 20.

provi de gas venti e l1d ovi ded.
REST MODE OF CARMAING Ut T s G Eéyeggatur S SABaR OV B
i nvent i on wdiametenfpAnsires ckrahetRel PBANNGPAESES iLpt ithe GEDANANLARI 25.

of speci fiCc agNHiTIly OFPrOlohSaehas! ﬂu@ffiﬁ.&hg %h@r %Qulﬂ'tetxﬁdtestﬁ@OdY' ng
t he present i nvention which are gjven with reference

onl
to t heSaccorfn BeRARFERT RSt FEﬂelnsugﬁreug |sa§ &%ﬁﬂ%ﬁ kad - avay
per spect i ve apicem ,of

If the charging conditions generate oxygen at a
faster rate than it can be transported to the negative
and react thereat, then the excess oxygen is vented

10. from the battery. The container of the battery is thus
provided with gas venting means. The gas venting means
preferably take the form of a non-return valve so that
air cannot obtain access to the interior of the battery

|

although excess gas generated therein can escape to

15. atmosphere.

' The 1id of the container may be formed with filling
apertures to permit electrolyte to be introduced into
each cell. The filling apertures may be closed after

" the electrolyte has been added but the closures should
20. provide gas venting means or separate gas venting means
should be provided.
BEST MODE OF CARRYING OUT THE INVENTION
Further features and details of the invention will
be apparent from the following deseription of a number i

25. of specific constructions of lead acid electric storage
batteries embodying the present invention which are
given by way of example only with reference to the
accompanying drawings in which:-

Figure 1 is a partly cut-away perspective view of
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10 battery'designed for use as a mner's cap lanp battery; Figure 2 is CEEXD
eleciron scanni ng phot om crograph of a preferred separator material at

1000 fold magni fi- cation; and 5. Figure 3is aviewsimlar to:
Figure 4 at 4000 fold nagnification Exanple 1 (mner's cap |lanp battery)
The hattery shown in Flgure 1 has a rated capacity of 16 Ahr and is

desi gned for use as a miner's cap lanp 10. battery. It has tw cells
accommodated in a container 2 made as a .single noulding of a polycarbonate
pl astics material and separated from one another by an integral inter-cel
partition 4. The two cells are sealed by a common inner lid 6 which is
connected to the walls of 15. the container 2 and the partition 4 by the
met hod known as "heat sealing” in which the edges to be joined are placed
in.contact with opposite surfaces of a heated tool which i.s subsequently

wi t hdrawn and tdebpetdigl aasﬂghégdfsggageatag I 899 0GRl elampl fa PEAPS Y
Is 20. capped by a %urther out er 8 which is secured to the cont al rie

and | ocked into posiit&wrey? n%%ngnmﬁ EﬁtFBPnﬁﬁéﬂﬁépg Fhatemigragraph

i nvention. Eachofed|prefénred tb8pepapod materiladt e 1QONRILd lpaerrii th
four negative p 4£¥egn1 %$ parated fromone 25. another by double |ayer .
separators 14 of € ectr gte and gas perneabl e conpressible blotting
paper -1 i ké.gl ass fi beigweeedi aswhoviewospodilarortombigure desctr itgaD bfd Dav.
Each negative nlff ﬂgged in a U shaped sheet mnth the separ at or

encl osi ng the botT o of
Example 1 (miner's cap lamp battery)

Thg battery shown in Figure 1 has a rated capacity
of 16 Ahr and is designed for use as a miner's cap iamp
10. battery. It has two cells accommodated in a container
2 made as a single moulding of a polycarbonate plastics
material and separated from one another by.an integral
inter-cell partition 4. The two cells are sealed by a
common inner 1lid 6 which is connected to the walls of
15. the container 2 and the partition 4 by the method knowﬂ
as "heat sealing" in which the edges to be joined are
placed in contact with opposite surfaces of a heated
tool which is subsequently withdrawn and the partially
melted edges are pressed,together. The battery is
20. capped by a further outer 1lid 8 which is secured to
the container and locked into position by means which
form no part of the present invention. | _
Each cell contains three positive plates 10 inter-
leaved with four negafivé plates 12 separafed from one
25, another by double layér separators 14 of electrolyte
and gas permeable compréssible blotting paper-like
- glass fiber material whose composition will be described
béléw._ Each negative plate is wrapped in a U-shaped
sheet with the separator enc1051ng the bottom of the
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“.tive plates 10 are 2.1 nms thick, 5.5 cns wide and 13 cns high and are

Ad

| ate. A sheet of separator 14. is also wapped right around the sides
e el ectrode pack. There are thus eight thicknesses of the doubl & )
r separator and one double | ayer wapping in each cell-. The posi- 5.

formed froma cast grid of |ead alhgy and carry positive and negative
active electrode material respectively. Each positive grid weighs 38 grahaﬁ o
and each negative grid weighs 33 grans: 10. - The grid alloy o
conposition in % by weight is 2.43% anti nony, 0.22% arsenic, 0.04%tin,

0. 006% copper, 0.004% sel enium bal ance | ead. The positive active materi al
had the foll owi ng conposition before being electrolytically forned: 15.

grey oxide 1080 parts, fibre 0.45 parts, water 142 parts, 1.40 SG aqueous

sui phuri c %91.% 60 pagiSet J?esg?ii'ﬁtgﬁd 18, ‘-1%”%'1?6 %a‘b(ﬁ?el%\rlmf%-rg”d a | ead

content o %  The negative aciive_naterial
conp05|tuﬂ¥QRﬁQN@h%e$h§e%I@gtFBPy?ﬂéﬁFPVdﬁoP§§§ gridieRsidRe 1080 parts,

fibre O. 2351@ré%h@afhﬂakﬁéé983t ef5tﬁepabh§>,1ecqralg@1~ hd e é’r parts
stearic acid, O

l'i gnosul pr‘?tﬂiiat%‘)e artggri/gggaggrg;gg g%glé-?’: gae %-%'4(’;/%%@ aRﬂJ%bus
Lonr Sl T e i sfactomsatitens g s
SpeciT oot et 1298 paSBCESEmER ERom A cagh BTAd (ThoeRt g ﬁf&yof active |
30. nateﬂaﬁd(nanrwrybmetghe Bndi pegative active electrode E
material respectively. Each positive grid weighs 38
grams and each negative grid weighs 33 grams.
10. The grid alloy composition in % by weight is 2.u43%
| antimony, 0.22% arsenic, 0.04% tin, 0.006% copper,
0.004% selenlum, balance lead.
The p031t1ve active material had the following
composition before being electrolytically formed:
~ 15. grey oxide 1080 parts, fibre 0.45 parts, water 142
' parts, 1.40 SG@ aqueous sulphuric acid 60 parts. The
paste had a density of 4.2 gr/cc and a lead content
of 79%.
The negative active material had the following
20. composition before being electrolytically formed:
grey oxide 1080 parts, fibre 0.225 parts, barium
sulphate 5 4 parts, carbon black ‘1.8 parts, stearic
acid 0.54 parts, Vanisperse (Reglstered Trade Mark)
CB (a lignosulphonate) 3.27 parts, water 120 parts,
25. 1.40 SG aqueous sulphuric acid 70 parts. Thé'paste
had a density of 4.3 gr/cc and contained 79% lead;
| Vanisperse CB is described in British patent
sPecificafion No. 1,396,308. |

Each positive grid carries 50 grams of active
30. material on a dry weight basis.



12.:Each negative grid carries 45 grans of active material on a dry weight
4 The separators 14 are of hiighly absorbent blotting paper-1like short
staple fibre glass matting about 1.2 mm 5. thick, there being fibres 61
as thin as 0.2 mcrons and fibres 60 as thick as 2 microns in dianeter, the
average of the dianeter of the fibres bghng about O'S mcrons. Figures 2

an show this material at different magnifi- cations, Figure2 at 1000_
fold and Figure 3 at 4000 fold. 10. - . It will be observed that the
material whilst highly absorbent still has a very |arge anmount of open

space between the individual fibres. Wen tested for its w cking and
el ectrol yte absorption capabilities as described above it was found that
the liquid had wi cked 15. up to a height of 20 cns after 2 hours and this

Is the steady state gondition rlal absorbs_ J113%of its
o dry Vol e of ol BREPoMERTLERABERAs SRETRES oA B ASEHTR on
rati o. A doubl endbgeiadfosepadayoweightsdadsliat.ween the 20. pl ates

i di t ot al
el ore agsorbly . Eachiy SohardrSERcTd dESNBE MG, Hndtaid: grans*i“ L
metre and has. Paperoiike shogy §6a93ﬁ)£§bﬂ§a$uﬁ§§lﬂﬁtﬂﬂﬂgu§b¢WMrhs2omm
penetrometgy. Togs den- tﬁére S;a'i}‘lgo‘cf %sg|6‘3.5%§r rWHsC*b 1Denid ks Shathe

separator are made 15 2. e wei ght to fi density ratio I's thus
74. Each sheet b g@ﬁaﬁat GP kBiek 48 25 TGCEPREYER [Hiane R, Che VRYRCAEE

14.1 crs high. &achhéhgehmeter of the fibres being about 0.5 microns.
' Figures 2 and 3 show this material at different magnifi-
cations, Figure2 at 1000  fold and Figure 3 at 4000 fold.
10. - It will be observed that the material whilst
highly absorbent still has a very large amount of open
- space between the individual fibres. When tested for
its wicking and electrolyte absorption capabilities as
described above it was found that the liquid had wicked
15. up to a height of 20 cms after 2 hours and this is the
steady state condition. This 20 cms of material absorts
113% of its own dry volume of electrolyte, and this is
its electrolyte absorption ratio.
A double layer of separator is used between the
- 20. plates i.e. providing a total separator thickness
between adjacent plates 6f'2.4 mms before assembly.
Each 1.2 mm sheet of separator 14 weighs 200
| grams/square metre and has. a porosity of 80 to 95% as
measured by mercury intrusion penetrometfy. The den-
25. sity of the glass from which the fibres of the
- separator are made is 2.69 gr/cc; the weight to fibre
density ratio is thus 7u. o ' _ |
Each sheet of separator material is 0.12 cms
thick, 6.1 cms wide and 14.1 cms high. Each sheet of



-t : 13. the outer w apping is 32 cns by 6.4
5 by 0.12 cns thick. The total volune of :separator for each cell beafores
gdaenbly into the cell is thus 173.1 cubic S. - centinetres. The separator

'he cell is conpressed by.about 10% and thus the vol ume. of the separator
; the cell is 155.8 cubic centinetres. Since the poro- sity is 90-95% the
" - void volune is 140 to 148 ccs (this 33 the val ue of X). 10. The
wei ght of separator present in each cell is 31.6 grans. The separators

bei ng conpressible conformclosely to the surfaces of the plates thus
facilitating elec- trolyte transfer and ionic conduction between the 15.

pl ates via the separator. The total thickness of each separator shoul d
desirably be no thinner than about 0.6 mrs since below this value we have
found that growmh of dendrites through the separator is liable to occur
with the 20thenah¢erahn§ppmngrnéﬁiﬁ”@m52b$n@ B.cmst bynf.b@ amshigh as 3 or
nore even 4 gg@ but a preferred range is 1.5 to 2.5 nmms. The separat or

wei ght to fi density ratio i.s preferably 70 to 160 or 200. The total
geonet ri c surfac@hsgr dotel tMelymssiaf veeparaterafes eacbackldel | is 429

square centbggbggsagggdylyt#h{§xgﬁévgépiai§stﬁﬁg §q§aiefggghlnetres The

dry wei ght of active mate e positive ates is 1.07 i.e.
160.5 @Fanscea§1PG¢FF% e.ThesEeparaten ¥%a393aﬁ§1@hé§ ePmpressedat i ves i s

180 x 0.93 byeabd3dt 1087 ZhdéHEs (Bife | Potim@noEXERESs@pathadUrnggat i ve
active . L ] . T
the cell is 155.8 cubic centimetres. Since the .poro-
sity~ié_90-95% the void volume is 140 to 148 cés (this
is the value of X). -
10. The weight of separator present in each cell is
31.6 grams.

The separators being coﬁpresSible conform closely
to the ‘surfaces of the plates thus facilitating elec-
trolyte transfer and ionic conduction between the

15. plates via the separator.

The total thickness of each separator should
desirably be no thinner than about 0.6 mms since below
this value we have found that growth of dendrites
through the separator is ‘liable to occur with the

20. material shown in Figures'Z and 3. It may be as high
as' 3 or more even 4 mms but a preferred range is i 5
to 2.5 mms. The separator weight to fiber den51ty

_ ratio is preferably 70 to 160 or 200.

The total geometric surface area of the positive

25. plates in each cell is 429 square centimetres and of
the,negative plates 572 square centimetres. The dry
weight of active material of the positive plates is-
150 x 1.07 i.e. 160.5 grams (as PbOé i.e. 139 grams as
lead) and that of the negatives is 180 x 0.93 i.e.

30. 167.4 grams (as lead) an excess of 4.3% negative active



'14E“nﬁterial based on the weight of the .positive active material (20% as (;%)
lsgad) qr a ratio of negative to positive active material (on a |lead wei ght\
- basis) of 1.20:1. The total weight of the grids is 246 grans. S. The
true volune of the positive active material is 160.5 divided by 9 i.e. 17.8
ccs and its apparent volune is 160.5 diy 4ded by 4.2 i.e. 38.2 ccs; the

vaoi d,vol unme of the positive active mate Is thus 20.4 ccs. The true
vorine of the negative active 10. material is 167.4 divided by 10.5 i.e.
15.9 ccs and its apparent volume is 167.4 divided by 4.4. i.e. 38.0 ccs.

The pore volunme of the negative active material is thus 22.1 ccs. The total
pore volune of the active material is 42.5 ccs, which is the value of 15.

Y. The ratio of -Xto Yis thus 3.3:1 to 3.5:1. (X+Y) is 182.5 to 190.5

ccs. As the active material has sul phuric acid added tg it its _porosity
decreases. Whematierigd ibaserhten ithe iwetghtged the BBF&§PV§ AtttdSses and

inthe fully Z%ate“:liaa[ﬂe(dzw%tlé)éld)SolabQUi-ai:Ba §§nﬁegath.'fvel $d n the
unformed -state before additjon of eleci ? % g calc ed tsue ur f ace
area for the p@Ssiitigadstisdietentartste 0a51§a Hel Gflé &Ggre

nmetres and for it megatThe t@téﬁ?wélghe 45 the. gP3ds squams Zramsnet r es
and 5.5 square netr a0t GrOLHES LOE, FRoPaLrIeenatit g Hatkni ey T
electrolytlcalmgtmﬁau&mﬂhvxdédlhyeQam1euaﬂéd8tccahagm uaGu@mRﬁnﬁﬁﬁw 200
moi.e 110 Of9udd is 160.5 divided by 4.2 i.e. 38.2 ccs; the
void volume of the positive active material is thus
20.4 ccs. The true volume of the negative active
ld; material is 167.4 divided by 10.5 i.e. 15.9 ces and
its apparent volume is 167.4 divided by 4.4, i.e.
38.0 ccs. The pore volume of the negative active
material is thus 22.1 ces. The total pore volume of
the active material is 42.5 ccs, which is the value of
15. Y. The ratio of X to ¥ is thus 3.3:1 to 3.5:1. (X+Y)
is 182.5 to 190.5 ccs.
~ As the active material has sulphuric acid added
to it its porosity decreases. When the active material
is charged its porosity increases and in the fully
20. charged condition is about the same as it is in the
unformed state before addition of electrolyte.

The calculated true surface area for the positive
active material is 160.5 x 2.5 i.e. 401.3 square metres
and for the negative is 167.4% x 0.45 i.e. 75.3 square

25. metres_uéing a factor of 0.45 square metre/gram for the
| negative active material and 2.5 square metres/gram for
the positive active material.

Each dry electrolytlcally unformed cell is evac-
uated to ahigh vacuum and has 200 ml i.e. 1.10 (X+Y) to



.. 05 (X+Y) of 1.27 SG aqueous sul phuric acid i.e. 91 grans of [err] added

the unformed cell. The cell is then allowed to cool to 40 C (abouts 1 td 2

ours) and then electrolytically formed and about 5. - 30 cc of water R
el ectrol ysed off, the specific gravity of the electrolyte thus

Lising. The eIectrontrc forming regime conprises 48 hours at 2.0 anps,

..‘-‘ i.e. 5 C 20 Ahrs. The anount of elegtgolyte remaining is thus 0.93 10. _
(X+Y) to 0.89 (X+Y). The battery in the fully charged condition con- tains
0.61 grams of [err] per gramof l'ead in the posi- tive active material and
0.55 grans of H2S04 per gramof lead in the negative active material. The
electro- 15. lyte active material ratio was thus 0.29. The battery had a
capacity at 1.0 anps of 15 Ahr. The positive and negative plates are inter--
connected by respective positive and negative group bars 16 and 18.

Integral w thath atigv f | ef nd cel L.as shown in
 Figure 1- |s§'aOFa'r€<>a( glgl %fpﬁo%gg;ér%n%a{)u&hon *%r%ﬁétes i'nbgl "flag" or

upst andi ng gnamsonfzﬁ ﬁﬁrchddedwmQﬂnhﬁ unfdﬂmedn¢ellcell partition 4 and

overlies a hole | e ;pa ags® ft hand 25.

cell is connectegﬂfoefgg %%nr 5%4225%%?€%p$$ éé&f {#eg?re Egﬁgkg el

t hr ough t hetfoRehoprsg é@dtGhﬁmwﬁlﬁﬂﬁﬂﬂkytkﬂdlebnﬁ@nmednan¢hebnugat|ve

group dar 180the befl aad cald ga%ﬂ%ggé&'q £ Jr ouPtRar g r;ec&?& right

hand cell are also 3 each provi 24 overlytn fole in
the gr v1ty of the electrolyte thus rlslng

The electrolytic forming reglme comprises 48 hours
at 2.0-amps, i.e. 5 C/20 Ahrs.
: The amount of electrolyte remaining is thus 0.93
10.  (X+Y) to 0.89 (X+Y). _
The battery in the fully charged condition con-
tains 0.61 grams of H,S0, per gram of lead in the posi-
tive active material and 0.55 grams of H,S0, per gram

of lead in the negative active material. The electro-
15, 1lyte active material ratio was thus 0.29.
The battery had a capacity at 1.0 amps of 15 Ahr.
The positive and negative plates are inter-.
connected by respective positive and negative group
bars 16 and 18. Integral with the negative group bar
20. in the left hand cell as shown in Figure 1 is a
laterally projecting portion which terminates in a
"flag" or upstanding portion 20 which is adjacent to
the inter-cell partition 4 and overlies a hole 22 in
the partition. The positive flag in the left hand -
25. cell is connected to the similar negative flag in the
right hand cell through the hole 22 so as to form an
intercell connection. _
The negative group bar in_the left hand cell and
the positive group bar in the right hand cell are also
30. each provided with a flag 24 overlying a hole in the



16. PEont ai ner 2. Each of the fl ags 24 is connected to a lug 26 outside the
vig) F of t he container but within-:a space.defined by the outer Iid 8. The
| ugs. 26 are connected to a respective connecting wire of a 5. . connecting

| ead 28 for connecting the battery to a miner's cap |anp. The cell or each
cell of a battery is normally sealed, that is to say .that during nornal
opergtion a cell does not comrunicate wiéh the atnosphere. 10. 'Hoever in
cas€-a substantial over-pressure should . build up in a cell, for instance
because the cell is exposed to a very high tenperature or over-charged, so
t hat oxygen gas is evolved at a faster rate than it can be conbined a
relief valve is provided to 15.. exhaust the excess gas. Each cell is
provided with a Bunsen type vent valve. Each val ve conprises a passage 36
comuni - cating with the interior of the cell and |eading to the space

between the int@yfial iy ext efgah bEdshg 20ag endu%sEeeBnee%e@ec&% i's

within a boss in a respect- ive recess in he internal |1d, and_the boss is

seal - ingly co@&%c?%xp‘étﬁje%?lﬂéﬁtwébb a8 ﬁﬁ?l ﬁ@nﬁaééﬁé‘naﬁuﬁg wiEhdm ar ound

the boss. A dowhveyate wfmn@ypme baebromlaZ 8Qn trhe Q d6 e engages
each cap 40 25._thus en I S not wn off. by the gas pressure.

n i
Ref erence has BEEHSRERS v% ?%SB%% 1V3a8°HPF ige §ire Wi 1%t this i s
'preferredsthe(ﬁdﬂﬁéﬁt&ﬁgCDmid b8 fletecbnaectling &hpam@mieﬂyﬂﬂocz be of

MWOUth miner's cap lamp.- :

The cell or each cell of a battery is normally
sealed,-that is to say“that during normal operation
a cell does fhot communicate with the atmosphere.

10. Hoever in case a substantial over-pressure should
build up in a cell, for instance because the cell is
exposed to a very high temperature or over-charged,
so that oxygen gas is evolved at a faster rate than
it can be combined a rellef valve is provided to

15. exhaust the excess gas. ,

Each cell is provided with a Bunsen type vent
valve. Each valve comprises a passage 36 communi-
cating with the interior of the cell and leading to
the space between the internal and external 1lids 6

20. and 8. Each passage'36 is within a boss in a respect-
ive redcess in the intefnal 1id, and the boss is seal-

:ingly covered by a resilient cap 40 having a depending
skirt around the boss. A downwardly extending pro-
 jection 42 on the outer 1id 8 engages each cap 40

25. thus ensuring that it is not blown off by the:gas
pressure. e

‘Reference has been made above to cast lead alloy
grids. Whilst this is preferred the electrodes could
be made.from-slit expanded sheet or be of wrought



~forme.g. perforated or punched, sheet. Alternative antinonial alloys
q@lude_those dis- closed in the United States patents Nos. 3,879, 217+«and *
2,537. S Exanple 2 The battery in this exanple has the sane
cture as that described.in Exanple 1 except that it has four positive
| ates and three negative plates. Ity has a rated capacity of 20 Ahr. Each
positive 10. plate is wapped in a U shaped sheet of separator with the
separator enclosing the bottomof the:.plate. A sheet of separator is also
wr apped right around the sides of the el ectrode pack as in Exanple 1. The
plate dimensions and grid weight, active 15. material conposition and
density and weight per plate for the positive and negative plates are the &
fﬁne as in ExanELe 1i The separ at or conp?sit:on, vo{une andfmerght arefa{ﬁo;i
e sanme ag.in Example_ L. : onetric surface area of thef:
positive pf%?’&serﬁ'eggﬁ%ggé(%elds %7?%35@ S?E%%‘net res and of the negative [
plates is 429 splaéeenetdvienamntdsonilel drdlays gincbidacthosendisri al of the |
positive p i $..200 Xyl i . 4 . JJON 85 granms 2 25. :
as | ead) a%#%%gt ng Q?ﬁe"’#@'&éﬁ ngtsa% 1%1?%(?%4 3§°|£'. % ’ag%’%ﬁmﬁ (as | ead)
an excess and7398pa8sbBi’'ve active material based on the weight of negative

active mateghahig4g% as lead) or a ratio of negative to posi- tive active
naterfa] (TNTJgE#Eag wei ght basis), of :
The battery in this example has the same

structure as that described in Example 1 except that
it has-four poeitive plates and three negative plates.
It has a ratéd capacity of 20 Ahr. Each positive

10. plate is wrapped in a U-shaped sheet of separator with
the separator enclosing the bottom of the 'plate. A
sheet of separator is also Wfapped right around the
sides of the electrode pack as in Example 1. .-

The plate dimensions and grid weight, active

15. material composition and density and weight per plate
for the positive and negative plates are the same as
in Example 1.

=N

The separator composition, volume and weight are
also the same as in Example 1.

20. The total geometric surface area of the positive
plates in each cell is 572 square centimetres and of
the negative plates is 429 square centimetres. The
dry weight of active material of the positive plates
is 202 x 1.07 i.e. 214 grams (as Pb0, i.e. 185 grams -

25. as lead) and that of the negatives is 135 x 0.83 i.e,

126 grams (as lead) an excess of 70% positive active
material based on the weight of negative active
material (47% as lead) or a ratio of negative to posi-
tive active material (on a lead weight basis) of




th pqshtlve active naterlal Is 234 [err]9 i.e. 23.8 ccs and its apparent
vol unme is 214 [err]. .4.2 i.e.-50.9 ccs; the pore volume of the posi- 5.
tive active material is thus 27.1 ccs The true volunme of the negative -
actiwe material is 126 [err] 9 i.e. Hggs and its apparent volume is 126
[ekr], 4.4 i.e. 28.6 ccs; the pore volu bf the nega- tive active materi al
is thus 14.6 ccs. The total pore 10. volune of the active material is 43.7
ccs, which is the value of Y. The ratio of Xto Yis thus 3.2:1 to 3.4:1.
(X+Y) is 183.7.to 191.7. The calculated true surface area for the positive
active material is 214 x 2.5 i.e. 535 square netres and 15. for the
negative is 126 x 0.45 i.e. 56.7 square netres. Each dry electrolytically
unformed cell was evacuated to a high vacuumand had 200 m_i.e. 1.09 (X+Y)

to 1.04 (X+Y) of.£822.scTHMucntAk ket coficthei gridaligr 288 &ramsrr]

added to the Unfor”E(i'H‘eeHrue'ZQrol\Hl@ SeltRe WBoEithen fekiwd aatdesani bed
for Exanple 1. Thezgftte3¥ ully charged condition con- tains 0.46

grams of [err] 41%&13% § hRCHoINE | YES aPPIEREL ¥PLAMCadE 0. 72

grans of H2S04 pam grmmzﬂiIéﬁutoreté@spegﬁhev ofet vyeunBt ef ahe Porizb.
electrolytg active mater. al t|o wﬁs th_EEl ﬁ ;o 1. Exanples 3 and 4
These have the $HYE ATHHIUME ¥Fo CPRe batteries of
Exanples 1 and 2 exc@metﬁnuetvm&mmga¢fvehgrndgatmnelabedvefmﬁt@8@&ﬂy
wei ght cal ¢i um is 126 + 9 i.e. 1% cecs and its apparent volume is.

18. -0 68:1. The total weight -of the grids is 251 grans. The true vol ume of (iéi
1

126 + 4.4 i.e. 28.6 cecs; the pore volume of the nega-
tive active material is thus 14.6 ces. The total pore
10. volume of the active material is 43.7 cecs, which is
the value of Y. The ratic of X to Y is thus 3.2:1 to
3.4:1. (X+Y) is 183.7 to 191.7.
The calculated true surface area for the positive
active material is 214 x 2.5 i.e. 535 square metres and
15. for the negative is 126 x 0.45 i.e. 56.7 square metres.
Each dry electrolytically unformed cell was
evacuated to a high vacuum and had 200 ml i.e. 1.09
(X+Y) to 1.04 (X+Y) of 1.27 SG aqueous sulphuric acid
i.e. 91 grams of HZSO added to the unformed cell.
20. The cells were then formed as described for Example 1.
The battery in the fully charged condition con-
tains 0.46 grams of stou per gram of lead in the
positive active material and 0.72 grams of HZSO|+ per
. gram of lead in the negatlve active material. The
25. electrolyte active materlal ratlo was thus 0.28 to l.
Examples 3 and 4 ' _
These have the same structures and compositions
as the batteries of Examples 1 and 2 except that the
negative grids consisted of 0.08% by weight calcium




9, |and 0. 8% by wei ght- tin, balance substantially |ead. Exanple 5 (aircr
.{ ery) The cell in this exanple has a rated capacity of 25 Ahr at 25 a

€. the 1 hr rare and is designed 5. for use-<in an aicrcraft battery. e
The cell is accommp- dated in a container made as a single noulding of a § |
pol ystyrene plastics material. gﬁf cell is sealed by a. lid which is T
connected to the walls of the con=*tainer by cenenting with an appropria&gi:_
conventional 10. cenent. The cell is proviided with a vent of the type :

described for Exanple 1 and the terminal posts are sealed into the end
wal I s of the container as is con- ventional for flooded aircraft batteries.
The cell contains six positive plates interleaved with seven 15. negative
pl ates separated from one another by separators of the sanme material used.
in Exanple 1. Each negative is mmapfed in a single U shaped |ayer of the
1.2 nm t BREk Ondtte MyaWe@dah 1 ki ghdlanoe gFubsfaataakdyr dpadi-th t he

separ at ogx@agl1@sisny 4 ec ROt £ OhaLPerph the plate. The positive plates are. -
0. 15 cns"THICR,, 3. ae ‘the negative plates are

: A _ .5, cs hi gh,
0.13 cns thi ckheg. e e SrAARLY 8RS8 i Hg?e?héﬁpérc Wolted from a
cast gridsofAhread @9 @mpandi ey ryh@opi nr2batki ¥Adand degdigned active

cach- negRPPVESE: i ) e ALY HATTeRe- O TheLFRay SSnHoetiist i o aot by
~ wei ght adaitednimy a kadrebetinesribsddent asl &ysinglle moulding of a

polystyrene plastics material. The cell is sealed

by a 1id which is connected tc the walls of the con-

tainer by cementing with an appropriate conventional
10. cement. The cell is provided with a vent of the type

described for Example 1 and the terminal posts are
sealed into the end walls of the container as is con-
ventional for flooded aircraft batteries. The cell
contains six positive plates interleaved with seven
15. 'negative plates separated from one another by
sepérators of the same material used in Example 1.
Each negative is wrapped in a single U shaped layer
of the 1.2 mm thick material (which weighs 200 gr/
square metre) with the separator enclosing the bottom
20. of the plate.
The positive plates are 0.15 cms thick, 8.25 cms
wide and 14.5 cms high, the negative plates are 0.13
ems thick, 8.25 cms wide and 14.8 cms wide. They are
formed from a cast grid of lead alloy and carry posi- -
25. tive and negative active electrode material respect-
ively. Each positive grid weighs 43 grams and each
negative grid weighs 37 grams. _
The grid alloy composition is 6% by weight anti-
. mohy, balance substantially lead.




20.

betBg el.ectrol ytically formed: grey oxide 1080 parts, fibre 0.45 parts,
~water 140 parts, 1.400 SG aqueous sul phuric acid 76 parts. The 5. past e
had a density of 4.1 gr/cc. The negative active material had the follow ng
conpogi tion, before being electrolytically fornmed: grey oxide 1080 parts,
fiBre 0.25S parts, barium sul phate 5.4 6§¥ts, carbon-black 1.8 parts,
stearic 10. acid 0.56 parts, Vanisperse CB (a |ignosul phonate) 2.25 parts,
wat er 126 parts, 1.40 SG aqueous sul phuric acid 66 parts. The paste had a
density of 4.35 gr/cc: Each positive grid carried 55 grans of active
material on a dry weight basis (65 grans of wet paste). 15. Each
negative grid carried 49.5 grans of active material on a dry weight basis
(62 granms of wet paste). The plates were dry charged before assepbly into
the cell by inmmersi oRN&sPRERTIVEf asddive Wateniak maditthyy) IR HOPEREs of
negatives, the pgmpssherbd,SpaFetelPeimPadteddtrdl FiicdINy faRke@ aqueous
sul phuric aC|duhaV|ng.a3 Si gf 1.010 ( sured q%‘éerrg) for 20, hours at
1.39 anps per pPBE¥. O¥idR R8O PAFtSepdrihtst GratrR3 TS s WS b0t hick 8.8
cnms W de and 31pdrtss LORQO Bite aquistlus? Bulphnirtie Hdiseparpivtsin The cell
bef ore assenbly isthgs 7 x0.12 X% S.Enaux 31.3/i.e. 231 ccs. The.separa- tor
inthe cel?*is Bﬁﬁﬁﬁe sg‘dab?e rand & us'ltr%rv%%ne of the separator in the
cell is 219.4 ccs. STheenegetiveosidtive natesbphriadrthe HOLDSWLnge

composition, before being electrolytically formed:
grey oxide .1080 parts, fibre 0.255 parts, barium
sulphate S.H'bafts, carbon ‘black 1.8 parts, stearic
10. acid 0.56 parts, Vanisperse CB (a lignosulphonate)
2.25 parts, water 126 parts, 1.40 SG aqueous sulphuric
acid 66 parts. The paste had a density of 4.35 gr/cc.

nf?positive active material had the follow ng conposition, before (532

Each positive grid carried 55 grams of active
material on a dry weight basis (65 grams of wet'paste).
15, | Each negative grid carried 49.5 grams of active
- material on a dry weight basis (62 grams of wet paste).
The plates weré dry charged before assembly into
the cell by immersion as pairs of positives altern-
ating with pairs of negatives, the pairs being spaced
20. apart by 1 cm, in a tank of aqueous sulphuric acid
having an 56 of 1.010 (measured at 15°C) for 20 hours
at 1.39 amps per plate. :
Each sheet of separator material is 0.12 cms
~ thick 8.8 cms wide and 31.3 cms long. The total
25. volume of separator in the cell before assembly is
thus 7 x 0.12 x 8.8 x 81.3 i.e. 231 ccs. The separa-
tor in the cell is compressed by 5% and thus the
volume of the separator in the cell is 219.4 ccs.
Since the porosity of the separator is 90-95% the



-~~1s 55 x 6 x 0.83 i.e. 274 grams (asHbC2 i.e. 237 grans as |ead) and that™
" of. the negatives is 49.5 x 7 x 1.00 i.e 346.5 grans (as |ead) an exces

"26% 10. of negative active material based on the weight of positive active

‘pore volunme of the active fmaterial 1s t

156 squareiﬂﬁ?r@§?g

-

‘|separator pore volunme is 197.5 to 208 ccs (this is the value of X). Th
| geonetric surface area of the positive plates-in the cell is 1435.5#
are centimetres and of 5. the negative plates is 1709.4 square

centinetres. The dry weight.of the active material of the positive plates

material (46%as lead) or a ratio of negative to positive active nmaterial
(on a weight of |ead basis) of 1.46:1. The total weight of the grids is 517
granms. 15. - The true volune of the positive active material is 274
[err] 9 i.e. 30.4 ccs and its apparent volume is 274 . 4.2 i.e. 65.2 ccs; -

t he pore vo h Si - .tive .acty ri [ S.t . 34 . The
true vol UWEL%EEF%%°%6§§?] vé’oalfc n}eve:"asﬁrrzatltéeklre'lgaT}a‘écgoé.@é iés§§4-g£§l%e;‘r§] %§§ 5i.e.
32.4 ccs andailue aﬁpiﬂen; volume is 346.5 [err] 4.4 i.e. 78.8-ccs; the
pore vol ure of { brenegallv g oifid et M e | 204U 4ond fE81IbE Lotal
] ] us 81.2 ccs, whi.ch I's the val ue of

Y. The ratiblefex €8 ¥hesceds 151435 & 1square eeqntiptygsi gnd79f7 to !
289-2-5Ihe_@ﬁécaégaedvbr@qa¥§§6£§ezvcgidcgqﬁiﬁep@éh&ﬁﬂ&tﬁéétverﬂﬁterla! is |
274 x 2.5 i.e. 68 i%uare netres ,and for the negatlves.LS 346.5 x 0.45 i.e.
of the active material of the positive

plates is 55 x 6 x 0.83 i.e. 274 grams (as PbOz'i.e.

237 grams as lead) and that of the negatives is 49.5 x

7 x 1.00 i.ev 346.5 grams (as lead) an excess of 26%
10. of negative active material based on the weight of

positive active material (46% as lead) or-a ratio of

negative to positive_active_materiél (on a weight of
lead basis) of 1.u46:1. The total weight of the grids
is 517 grams. '
15. - The true volume of the positive active material
is 274 £ 9 i.e. 30.4% ces and its apparent volume is
274 + 4.2 i.,e. 65.2 ccs; the pore volume of the posi-
tive active material is thus 34.8 ccs.
The true volume of the negative active material
20. is 346.5 ¢+ 10.5 i.e. 32.4% ces and its apparent volume
is 346.5 # 4.4 i,e, 78.8 ccs; the pore volume of the
negative active material is thus 46.4% ccs. The total
pore volume of the active material is thus 81.2 cecs,
which is the value of Y. The ratio of X to Y is thus -
25. 2.9:1 to 2.6:1. (X+Y) is 278.7 to 289.2.
| The calculated true surface area for the positive
active material is 274 x 2.5 i.e. 635'square_metres' ’
and for the negatives is 3u46.5 x 0.45 i.e. 156 square
metres. -
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J 08 (X+Y) to 1.09 (X+Y) of *1.30 SG'aqueous sul phuric acid i.e. 156
s of H2SO-added to it. 5.° THe cell was then discharged to 1.667
volts and if the discharge tine was in excess of 55 mnutes it was used. I|f
it was less the cell was recharged at 2,gnps.for 16 hours (i.e. 25 Ahr or
126%°0f the cells capacity) and then diScharged at 1.5 anps to 1.667 10.
vol't$ once or twice after which time the discharge time had risen to 60
mnutes in alnost all cases. Despite the anount of electrolyte seenm ng by
cal culation to exceed the pore volune of the systemin the fully charged
state reconbi nation still 15. occurred as can-be seen fromthe performnce
in the following tests. The cell was recharged at 2 anps for 16 hours and

t hen subjected to 25 f t 6 a s acro a 0.33 ghm

resi stance (80% dept hﬁ &dﬁr}o %‘gagg%ﬁagﬁé? ¥rg € é‘ﬁuF&? &ed1 3\15{‘ anps for

8 hours. After tydaeuumeandlhadhad0Ooml 2.68.cd.08 \mmar) toTh.eOtSeI(IXﬂNa)s t hen

Volts (1. o 1000 et ofd 4 oa et BhyrcTHRTAL Y 40 A SE ikl 55277 |
. . 0

excess of 48 mrﬁgﬁé; gdedet? #bs then given 30 nore cycles as in the

first 25 cygles afterrmbi&dnitubgadrhest adskHa F?@H ko’ lc%%ﬁfvdﬁserﬁn over

fﬁrgdalc basi s OQF'&ggléaggggrgépggﬁgdw;selﬁeexcess %%ess mld%¥es it
was used. If it was less the cell was recharged at
2 amps. for 16 hours (i.e. 25 Ahr or 125% of the cells
capac1ty) and then discharged at 1. 5 amps to 1.667
10. volts once or twice after which time the discharge
time had risen to 60 minutes in almost all cases.
Despite the amount of electrolyte seeming by
calculation to exceed the pore volume of the system
| in the fully charged state recombination still
" 15. occurred as can be seen from the performance in the
following tests.
The cell was recharged at 2 amps for 16 hours
and then subjected to 25 cycles of discharge at 6
amps across a 0.33 ohm resistance (80% depth of dis-
20. charge) and then recharged at 4 amps for 8 hours.
After this the cell had lost 2.9 cc of water.. The
;ceil was then taken at top of charge and discharged
at 25 amps (1 hour rate) to 1.667 volts (i.e. 100%
depth of discharge). .The discharge duration was
25. 1in excess of 48 minutes.
The cell was then given 30 more cycles as in
the first 25 cycles after which it had lost a further
1.7 ccs of water. On a Faradaic basis one would have
expected the cell to have lost 110 ml over this
30. period. | | '

*h dry charged cell was. evacuated to a high vacuunrand had 300 m (ltg/
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eriod. 23. The cell survived this reginme, with discharge at 79 and
‘dycles at which the further water losses'were 1.5-and 1.1 ccs _ v e g
ectively, to in excess of 125 cycles. S. Exanpl e 6 Exanple 5 was
repeated except that the grids were made fromthe alloy described for
~"Exanple 1. The cell was subjected t t he same test regine as the cell of .
. Exanple 5 and the water | oss after 10. cycles was 1.7 ccs, after 54 d‘éﬂ
cycles was 1.4 ccs after 84 cycles was:1.0-ccs and after 112 cycles was
~ccs, the cell surviving in excess of 125 cycles. Testing of the cells of
Exanples 5 and 6 on constant potential recharging at 2.37 volts al so 15.
I ndi cated good cycle lives with even | ower water |osses than those quoted
for the constant current recharging regi me descri bed above. Exanple 7

i - has . ity of .24 Ah d has six 20.
el'l o acconmodat SH) ROACCOAFYEAEr B FORARA » ot T EE T )
pol ypr opyl eh® amdsiOkscyaiesi alt ahdcmemhe-ﬁnnﬂhéﬁcuatﬁfjifiﬁfi byslntegra
. 2 ) |
ntercell, Bels 1 085endne. soLls BRSACOLY, SETTBL SIS

connected to the walls he “contarner ~an tT o
known as "He¥@le®aling" in which the edges to be joined are placed in

cont agt, V\Atﬁk%ige surfaces of a heated tool which is subsequently
W thdr awn 'Examéiéagl%agengga%%%?igﬂgiénéﬁi¥ﬂiﬁéxgiigg'wggg
made from the alloy described for Example 1.
The cell was subjected to the same test regime
as the cell of Example 5 and the water loss after 28
10. cycles was 1.7 ccs, after Su éycles was 1.4 ccs after
84 cycles was 1.0 ccs and after 112 cycles was 0.9 ces,
the cell surviving in excess of 125 cycles.
Testing of the cells of Examples 5 and 6 on
constant potential recharging at 2.37 volts also
15. indicated good cycle lives with even lower water losses
than those quoted for the constant current recharging
regime described above. L
Example 7 (automotive battery)
The battery has a capacity of 24 Ahr and has six
20. cells accommodated in a container made as a single
moulding of polypropylene plastics material aad separ-
ated from each other by integral intercell parfitions.
The cells are sealed by a common lid.which is connected :
to the walls .of the container and partitions by the : -
25. method known as "heat sealing" in which the edges to
be joined are placed in contact with opposite surfaces
of a heated tool which is subsequently withdrawn and
the partially melted edges are pressed together. 'The
lid is provided with a vent of the type described
30. for Example 1. Intercell connectors and terminal




I'i #provided with a vent of the type described 30. for Exanple 1. -
|hi @ ¢l I connectors and-termninal* -24. posts are provided in conventiond
manfier as for a flooded autonotive battery. Each cell contains three '
positive plates inter- |eaved with four negative plates separated from one
5. . _another by separators of electrolyte and gas perneabl e conpressible
blptting paper-like glass fibre mat er i al2%shose conposition and function

wi I'+"be described bel ow. ‘A sheet of »separator is also placed on both

out side faces of each cell. Each positive is wapped in a 10. sheet 23
cns by 16 cns by 1.2 nmms thick weighing 200 grans/square nmetre with the
separator enclosing the bottomof the plate. ~A single sheet of separator
0.6 ms thick by 11.5 cns high by 16 cns wi de wei ghing 100 grans/square
netre is placed against the outside 15. face of the two end negative

pl ates. The pospbste piratpsoutded dmexbriventionabimamaer odst ieraat i noni al

al l oy of Exanpl ¢} .aRd %%%gﬁiggdé@£é¥€g are formed froma cast grid of
. 0 -

| ead alloy containing O ciumand 0.7%tin and carry positive and
negative 20. active &aeht cedd manidids rgvmretpoiyivanplabtest LpEeand

negative plates)ghgel %AtHEJIY Heddr & BLILES §8FatBrddcEBolti BReand are
held in intimate contact with the separators by solid poly- progﬁgggie

packi ng pi Bees. 2BOEReFaOYs SEPANITINBS SLechiRlYESc7RE BFSSE |
mat erial which @éinP@fé%sqmeaMtﬁcﬁmg hedperaDike@ngtasy Sibpeohatbeipllates.

More broadly_th%h%s%t%%ﬂg%éf¥iéaté£ézfﬁgcéiggkwill be described below.
A sheet of separator is also'placed on both outside
- faces of each cell. Each positive is wrapped in a
10. sheet 23 cms by 16 cms by 1.2 mms thick weighing 200
grams/square metre with the separator enclosing the
bottom of the plate. A single sheet of separator 0.6 .
mms thick by 11.5 cms high by 16 cms wide weighing
- 100 gfams/square metrée is placed against the outside
15. face of the two end negative plates. The positive
| plates are formed from a cast grid of the antimonial
‘alloy of Example 1 and the negative plafes are formed
from a cast grid of lead alloy containing 0.07% cal-
cium and 0.7% tin and carry positive and negative
20. -active electrode material respectively.

The positive and negative plates are 1.27 mms
thick 15.0 cms wide and 10.7 -ems high and are held in
intimate contact with the separators by solid poly-
propylene packing pieceé. Both faces of all plates

25. are covered by separator material which extends out
above and below and on each side of the plates.

More'broadly'the'plates may be 1 to 2 mms thick
e.g. 1.2 to 1.9 or 1.2 to 1.6 mms thick. In ancther
alternative the positive is 1.4 mms thick and the




‘9. ,1.2to 1.9 0or 1.2 to-1.6 nms thick. In another alternative the R
N

ive is 1.4 mms thick and the 25. negative is- 1.2 ms thick. Thes . ¢

i ve and negative active material conpo- sitions, densities and | ead
ts are as described in Exanple 1. S . Each positive grid

> ed 75 grans of active materi al §gd each negative 74 grans, both on a .

dry weight basis. The separators are"as described in connection wth
Exanpl el . 10. The interplate separators wei ghed 200 and the end
separators 100 grans/square netre respectively and have a porosity of
90-95% as neasured by nmercury intrusion penetronetry. The density of the
glass fromwhich the fibres of the separator are made is 15. 2.69 gr/cc;
the weight to fibre density ratio is thus 74. Each sheet of the three
sheets of interplate separator materjal is 1.2 ms thick by 23 cns by 16

cms. Each ofP{&fF1VH %%e@t BPSehtiS8parator is 0.6 20. mms thick by 11.5
cns PT%I 16.0 cns. Tﬂélgpcbgiaivuohudenégasdpar atoo:rivfeormaaad;]ianelzﬁdmore

asse y is 154.6 cubLc centinmetres, The separagtor_in the ,cell.is

conp osbet B SRt SRR ERE ODR, HERer CERE SR AT R AN JSFTTPRGI | i o

©139.1 cubic igerfxamplesl. Since 25. the porosity is 90-95%t he separat or
void velume is 125.1p J32;£€50(ERES barkied/ 3G linddor W pGEONt OF the
separator present 1n Ch™Ce ST25.787¢grarns.

material and each negative 74 grams, both on a dry

weight basis.

The sepafators are as described in connection
with Example 1. '
10. The interplate separators weighed 200 and the
' end'separatoré 100 grams/square metre respectively
and have a porosity of 90-95% as measured by mercury
intrusion penetrometry. The density of the glass |
from which the fibres of the separator are made is
15. 2.69 gr/cc; the weight to fibre density ratio is
thus 74. .
Each sheet of the three sheets of interplate
separator material is 1.2 mms thick by 23 cms by 16
cms. Each of the two sheets of end separator is 0.6
20. mms thick by 11.5 cms by 16.0 cms. The total volume
of séparator for each cell before assembly is* 154.6
cubic centimetres. The separator in the cell is
compressed by 10% and thus the volume of the separ-
ator -in the cell is 139.1 cubic centimetres. Since
25. the porosity is 90-95% the separator void volume is
125 to 132 ces (this is the value of X). The weight
of the separator present in each cell is 25.8 grams.
The total geometric surface area of the positive
plates in each cell is 6 x 15 x 10.7 i.e. 963 square



:él geonetric surface area of the positive plates in each cell is 6 )
i@ﬁ;? i .e. 963 square 26. centinetres and of the negative plates 8

K- 10.7 i.e. 1284 square centimetres. The dry weight of active materi al

of the positive plates is 75 x 3 x-1.07 i.e. 240.8 grans (as [err] i.e. 208
grans as | ead) and 5. that of fhe ne ives is 74 x 4 x 0.93 i.e. 275.3
grans (as | ead) an excess of 14% negati%®* active material based on the

wei ght of the positive active material ‘((32% as |lead) or a ratio of negative
to positive active material (on a |lead weight basis) of 1.32:1. 10. _
The true vol une of the positive active naterial is 240.8 [err] 9 i.e. 26.8
ccs and its apparent volune is 240.8 [err] 4.2 i.e. 57.3 ccs; the void

vol ume of the positive active material is thus 30.5 ccs. The true vol une of
the negative active material 15. is 275.3 [err] 10.5 i.e. 26.2 ccs and its
apparent vol uneCREtimetyes and £% the megptivecrlatee §okdliokudb.df the

negative aCtlvelU&Le&QGMls%déﬁéSéﬁifﬁdé%besTheTEQt@+%VQé§§¥?LHgE ;ftghi s

active nateri al 66.9 ccs I C t he val uye o
thus 20. 1.9:1 98 2V6: Péﬁﬁﬁﬁgl 4} éi@s??%#ﬁ%%egp%%EeSThé éal guPaked-Prlue
surface area foi.ehe2s0sis grianes acid \EbOptEré Al 208 2AMS ¥s215al)€anf02
ieing 2 Tator S126. B8 SHfarGBARINES 2 THrhet rbrOthE heBat P00 dceremS
materi al and 2. $asqdead)merr eXagsandhrlihengpstivecastivgemageetinal . Each
dry electrolytigakb¥ WAf ¥HP¢edPt Y0¥ the positive active material
(32% as lead) or a ratio of negative to positive active
materlal (on"a lead weight basis) of 1.32:1.
10. The true volume of the positive active material
is 240.8 + 9 i.e. 26.8 ccs and its apparent volume is
240.8 # 4.2 i.e. 57.3 ccs; the void volume of the
positive active material is thus 30.5 ces.
The true volume of the negative active material
15. is 275.3 # 10:5 i.e. 26.2 ccs and its épparent volume
is 275.3 + 4.4, i.e. 62.6 ccs; the void volume of'
the negative active_material is'thus 36.4 ccs. The
total void volume of the active material is 66.9 cecs
which is the value of Y. The ratio of X to Y is thus
20. 1.9:1 to 2.0:1. (X+Y) is 191.9 to 198.9 ccs.
The calculated true surface area for the posi~
tive active material is 240.8 x 2.5 i.e. 602 square
metres and for the negative.is 275.3 x 0.45 i.e. 124
square metres, using a factor of 0.45 square metre/
25. gram for the negative active material and 2.5 square
metres/gram for the positive active material.
Each dry electrolytically unformed cell was
‘evacuated to a high vacuum and had 240 ml of cold
(5°C) 1.270 SG aqueous sulphuric acid i.e. 1.21 (X+¥)
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uated to a high vacuum and had 240 ml of cold (5 C) 1.270 SG aqueous
Sulphuric.acid i.e. 1.21 (X+Y) 27. to 1.25 (X+Y) Fk.e. 109 granms of q{errd
a& d to the unforned cell. The cells were electrolytically formed within

hours of filling and 20 cc of water was el ectrolysed off, the specific
graV|ty of the 5. el ectrol yte r|5|ﬁbyto 1. 310. The electrolytic formng: .

- reginme conprised 72 hours at 1.67 anps i.e. 5 C20 Ahrs; the C20 capaC|tx_/

bei ng 24 Ahr. The anopunt of electrolyte remaining is thus 1.15 10. ( X+Y)
to 1.11 (X+Y) and woul d thus appear by calcu- lation to exceed the pore
volume of the systemin the fully charged state. However the battery
characteristics indicate that at a C/ 15 charging rate substantial oxygen
gas recom 15. bination occurs and reconbination still occurs at C 10.

Exanpl e 8 Exasphe 28 werr)eriea edl.CE9<CQ19im§ hef %?sogeeaae&etgr itHe were nmade
of the sane anilnnnlal on 05|t|ve anple 7

was repeated ug 858th |ﬁ? gﬁ?%ﬁv%s 88 Flaﬁige|%9rgﬁ % by
wei gh antinnwythhalammehmﬂnﬂenﬁ|ﬁﬂ13angmahdE&@npteofowzier Exanpl e 9

e eal COpRk bR e N e W) 851 KL CgRYE T oM EnATE 6%
antlnDnlaI al’ as the ive or s
. electrolyte rlSLng to l 310.
The electrolytic forming regime comprised 72
hours at 1.67 amps i.e. 5 C,, Ahrs; the C2
being 24 Ahr. _
' The amount of electrolyte remaining is thus 1.15
10. (X+Y) to 1.11 (X+Y) and would thus appear by calcu~-
lation to exceed the pore volume of the system 1n the

_fully charged state. '

20 0 capacity

However the battery characteristics lndlcate that
at a C/1§ charging rate substantial oxygen gas recom-
15. bination occurs and recombination still occurs at C/10.
Example 8 | _ . -
| Example 7 was repeated eXcept that the negative
grids were made of the same antimonial alloy as the
positive grid.
20. Example 9 _ _

Example 7 was repeated except that the positive
grid was made of an alloy of 6% by weigh antimony,
balance substantially lead. |
Example 10

28, Example 9 was repeated except that the negatlve
grlds were made of the same 6% antimonial alloy as
the positive grids. _

Continuous overcharge tests at.2 amps for 193
hours indicated that'the-batteries of Exampleé 7, 8,
30. 9 and 10 are all achieving a high level of ges



cis overcharge tests at 2 anps for 193 hours indicated that the VG ;;
gs of Exanples 7, .8, 30. 9 and 10 are all achieving a high Ievel

3 28. - reconbination in the light of the water | oss incurred, which
waszl ess than 5 m per cell. On a Faradaic basis one would have expected
the water |oss to be 386 x 0.33 i.e. 127 nml per cell. 5.  Exanple 11
Exanpte 5 was repeated using a | ead cal 4Bum tin aIon of 0.07% cal ci um

0. 7M4’tin, balance substantially |ead for, the positive and negative grids.
Gas reconblnatlon as good as for the cell of 10. Exanpl e 5 was obt ai ned.
Exanpl e 12 Exanple 2 was repeated using. the sane lead, calciumtin alloy
as Exanple 11 for both positive and negative grids. 15. Gas

reconbi nati on as good as for the battery of Exanple 2 was obtained.

| NDUSTRI AL APPLI CABI LI TY The invention is applicable to reconbinant | ead

acid electric stedageibatieni &s ahd téghs. of tRe. wekArM3oEs Arraaured nant
lead acid el ecty] CStol 80P, DA LRLY §NnpNpgh Lagapositive and negative el ec-
| On a Faradaic basis one would have expected the
- water ldss to be 386 x 0.33 i.e. 127 ml per cell.
5. Example 11 :

Example 5 was repeated using a lead calecium, tin
alloy of 0.07% calcium, 0.7% tin, balance substantially
lead for the positive and negative grids.

Gas recombination as good as for the cell of

10. Example 5 was obtained.
Example 12 |

Example 2 was repeated using the same lead, calcium
tin alloy as Example 11 for both positive and negative
grids. _

15. Gas recombination as good as for the battery of
Example 2 was obtained.
INDUSTRIAL APPLICABILITY _

The invention is applicable to recombinant lead

acid electric storage batteries and cells.




es are separated by separators -of el ectrolyte and gas perneabl e
ressible fibrous material 5. havi ng -an el ectrol yte absorption rahlg
o at | east I00% the volume E of electrolyte i'n the battery after :
: rmation 8 (X+Y) where X is the total pore volune of the
,_.:" s par atorsﬂmmmmlllmm and Y is the total pore volune of the 10. : .
"~ active el ectrotle matterfal *in the g4y fully charged state, the battery a\_/
| east when fuIIy charged having substantially no free unabsorbed
el ectrol yte, whereby substantial ‘oxygen gas recombination occurs in the
battery at charging rates not i¢grgxess of 15. C/ 20. 2. A battery as
clained in daim1 in which thevolune of electrolyte is in the range 0.8
(X+Y) to 0.99 (X+Y). 20. 3. A battery as claimed in daiml or daim2 in
which the volume of electrolyte is at least 0.95 (X+Y). 25. 4. A
battery as clained i ich.th ratlo of XtoyY
Is in the rangeng‘llk é%ﬁmgéﬁgﬁP récgg %F ngg Q &ﬁ%rn4-|n whi ch
30. t he r &atdkefy Xt ovbicls thetpesiaﬁge ang: meget1v§ &lec- 30. 6. A
battery as t t he
electrolyteﬁﬁﬁlve nma engﬁiy ?8”§y QépagéébEE éf %l@cﬂ%o t o 0.50. 5
7. A bat tady gas pesnnealpte compuagsibhe f@brousamnserial

5. having an electrolyte absorption ratio of at least
100%, the volume E of electrolyte in the battery
after formation being at least 0.8 (X+Y), where X
is the total pore volume of the seoarators in the
dry state and Y is the total pore volume of the

e

10. active electrode material in the dry fully charged
state, the battery at least when fully charged
having substantially no free unabsorbed electrolyte,
whereby substantial oxygen gas recombination occurs
in the battery at-charginq'rates not'in excess of-

15. c/20. |

2. A battery as claimed in Claim 1 in which
the volume of electrolyte is in the range 0.8 (X+Y)
to 0.99 (X+Y). |

20.
3. A battery as claimed in Claim 1 or Claim 2
in which the volume of electrolyte is at least 0.95
25. 4. A battery as claimed in any one of Claims

1 to 3_in which the ratio of X to Y is in the range
6:1 to 1:1.

5. A battery as claimed in Claim 4 in which
30. the ratio of X to Y is in the range 4.0:1 to 1.5:1.



1N whlch the ratio of negative active naterlal to p05|t|ve active.
.rah Is inthe range 0.6:1 to 0.99:1. 10. 8. A reconbin nq
IBa ®3cid battery substan- tially as specifically described herein with,
reference to a ﬁﬂ"ﬂ”’mmﬁ ﬂ | es. The text of the specification has
been reproduce t he applicants original typescript. It
- may geontain a few amendntnt% mhlch are difficult to read. The origina
typéscrlpt cont'ai ning these anmendnment30smay be inspected.on the prenises of
the Patent O fice :

1

_ 6. A battery as claimed in any one of Claims
l to 5 in which the electrolyte active material
ratio is in the range 0.20 to 0.50.

5. 7. A battery as clalmed in any one of Claims
1 to 8 in which the ratio of negative active
material to positive active material is in the
range 0.6:1 to 0.99:1.

10, 8. A recombinant lead acid battery substan-
tially as specifically described herein with
reference to any one of the examples.

The text of the apecification has been reproduced by photocopying the applicants original
typescripte It may contain a few amendments which are difficult to read. The original
typescript containing these amendments may be inspected on the premises of the Patent Office




