1. SEALED LEAD ACI D ELECTRI C STORAGE BATTERI ES OF RECCI\/BINATICEL%g PE The
présentsinvention relates to | ead acid electric storage batter

evol ved during operation or charging is induced 5. to reconbine within the
battery at the battery el ectrodes. The invention is partlcularly appl i cabl e
to, and will be described wth particul&r reference to, mner's cap |anp
" batteries but is not limted inits applicability to such batteries. 10.
over, the invention, although described with reference to batteries, is
not restricted to batteries but is also applicable to single cells e.g.
spirally wound cel |l s, SBRLEDeLEAR| A€IDoEBRCIRIGSTARAGE| ncl ude single
cells within their scoBATTERIES OF RECOMBINATION HEYPEesent invention
there is provided a sealed |lead acid electric storage battery of
reconbi nation type in which the positive and negative el ectrodes are
separated by nicroffhe Rpfesenti bneepsponarelatartal leadbacidt edeicrrid of
the 20. el ect cobylagd bl D08t Deflal B! UondlaitidUppedgubiiopaeharaly

material, the rati negative active nater ositlrve active

mat eri al . (on Pﬁesgﬁiﬁﬁ(ﬁeQ¢mb¥ka§h9notmm§|iﬁ3Wﬁ&Qh|bhec§§§ulated
as. | ead) be'”ﬂgb&%&é'&ﬁkﬂné- r&EioBO%H”dH%quh@eﬂéliﬂ&u@hﬁCtrOdeS 25.

bei ng separated by separators el ectrolyte and gas perneabl e conpressible

fibrous ¥mt er tRI FeSAMRLng withirothee basdemt iah- tmubat‘éerxt ellesHrod®Bs
the battery, at |eagfe ifferdtdbi ﬁsa{aae@léiﬂ\am%ﬁﬂ&ashbytao e

unabsorbed el ectrol yte., whereby subStanti al . yge
reconblnatlonwéééup§|q¢§¢ﬁﬁkﬁﬂtEFFhaPartiCU1ar refdrenced t°r miner's

cap lamp batterles but is not limited in ltS applicability
to such batteries.

10. ‘Moreover, the invention, although described with
reference to batteries, is not restricted to
batteries but is alSo'spplicable to single cells e.q.
spirally wound cells, and the claims to batteries
“thus include single cells within their scope.

15. According to ﬁhe'present invention there is
provided a sealed lead acid electri¢ storage battery
‘of recombination type in which the'positiVE'and
negative electrodes are separated by microfine glass
fibre separator material, substantially all of the

20. electrolyte being absorbed in the electrodes and the
separator material, the ratio of negative active
material to positive active material,(bn the basis of
the weight of active material calcﬁlated.as.lead) being
less than 1:1 and the positive and negative electrodes

25. being separated by. separators of electrolyte and gas
permeable -compressible fibrous material having an

~ electrolyte absorption ration of at least 100%, the
battery, at least when fully charged, having. substantially
no free unabsorbed electrolyte, whereby substantial_

30, oxygen gas recombinatlon occurs in the battery at
charging rates not in excess of C/20. This is

concefned with such:batteries of seal ed reconbination type in mhlch the gas



i

-

gRventional in reconbinant batteries but we find that reconbi nant 4 ot
3¢rati on can be achieved at these ratios and they have the advantage of.

‘S:arging rates not in excess of C/20. This is 2. contrary to what i s
¢

providing nore positive active material fegr the 5.  sane cell volume.. Ve
thus prefer to use ratios i'n the range 0.6:.1 to 0.99 :1 e.g. 0.7:1to
0.9:1. The current conducting el enents may-be. made of pure |ead or o
| ead-cal ciumor lead-calciumtin alloys orF preferably any-other nmaterial . ‘
whi ch can provide a 10. strong self supporting readily handl ed and pasted\uj
el ectrode. However, the current conducting elenments of at |east one of the

el ectrode groups and preferably the positive el ectrodes preferably consi st

of antinonial 15 I|ead alloy containing at |east -1.0% by wei ght antinony. *
The antinonial alloy nmay contain up to 12% by wei ght antinony but desirably
contains 1 to 6&692:&&?9&b<%HhtJ&@t@bﬁ%éhffwmaﬂﬂins&é@§mbﬂﬁahatter range
~achi eves gas reconbi nafion whil'st_econom sing on . 20. expensive, antimony.

'n addition in BoRBRFLES BWY e cbRdaRRRRDAP AR IAN G| PBSTAEHEtmSAT 08
can be nore reagbhyetad sANGREsEVFLLLO8 ahdNtHey Have Jthet Advéhitiagie t he
antinony content can be as low as 1%t ,i's preferably in, excess this in
order to achiev@fZBr°§BGHJﬁhFHﬁ€%sP%ﬁat53§téﬁq%Y%/W%#ﬁ?ﬁaieggﬁn G
peri ods afger cashbngell WoRdtk! i oNewWkhust prfefent i tdNyseopaedosTEn Khes

N Onas %1 1 2aR58" LAY 486, 8890 2120 AT 4699, 41g tendency of the
‘ The current conducting elements may be made of
pure lead or lead-calcium or lead-calcium-tin alloys
or preferably any other material which can provide a
10. strong self supporting readily handled and pasted
electrode. | | - |
However, the'current conducting elements of
at least one of the electrode groups and prefefably,the
positive electrodes preferably consist of antimonial
15. lead alloy containing at least 1.0% by weight antimony.
The antimonial alloy may contain up to 12% by
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
20. expensive antimony. In addition in comparison with
lower antimony content alloys the material can be .
more readily cast and is more resistant to grid growth.
' - Whilst the_antiﬁbny.content can be as low as 1%
it is preferably in excess of this in order to achieve
godd hardness and pastability within reasonable periods
after casting. = In addition whilst the antimony
content may be as high as 3% it is ppeferablylless
than 3% so as to keep the tendency of the plates to
gas to a relatively low_level as compared with the
gassing'tendency observed inxflooded systems for such-
high antimony contents. Thus a preferred range is
1,01% to 2.99% e.g.

25.

30.



gals to a relatively low | evel as conpared with the 30 gassing tendency
.-obs®&rved in flooded systens for such high antinony contents. .Thus a
preferred range is 1.01%to 2.99%e.g. 1.1 to 2.9 or 1.2 to 2. 8% anti nony.
3. As nentioned above, it is preferred that the current conducting el ements
of. only the positive el ectrodes are nadesfron1a | ead antinony all oy whil st
t haSe of the negative el ectrodes may:be “df a | ead- 5. calciumtin all oy
a | ead-calciumalloy or other nechanically strong alloy or grid
nateflal adapted to produce a strong self supporting readily. handled and
pasted el ectrode, or pure |ead, though this material being soft can
i ntroduce problens in the 10. assenbly of the battery and high grid growh.
Anot her preferred antinonial alloy for use in the present invention
contains 2.3 to 2.8% antinony, 0 to 0.5% by wei'ght arsenic e.g. 0.2 to
0.49%or 0.25 to 0,4%arsenic, 0 to 0.1% by wei ght copper e.g. 0.02% 15.
to 0.5% copper, O tlts onel%:byne.dl ghove n ik gis poefesrredothatt itheand 0 to

0. 5% by wei gh ggeﬁ?%ﬁc?:or Ot%%%&n%é%fgéﬁ%u%@ngp :ﬁﬁvt% cularly

preferred aIon conposl the current ¢ tors ates is 2.3
to 2.8% by weiegiectaredesngreomage: £romgsy,Lead - @;tm:gm adxlgamw&ixsto to

0. 14% by wei 9*&&1&%61'09 fre! gegagiﬁb?éyl"%&g:gd% bQO%’f 0 1L 40% by

wei ght sel eni um ance su ant &lng rate 1s desirably
kept at Aet grc@dt@rmll'hhhnCﬁlSOHHQrpraef‘-‘@aﬁJT@alétmtﬁ& oy/ 2 @€thers. (¢ 20

to ¢ 60. 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 can introduce problems in the
10. assembly of the battery and high grid growth.
Another preferred antimonial alloy for use in
the present invention contains 2.3 to 2.8% antimony,
0 to 0.5% by weight arsenic e.g. 0.2 to 0.49% or 0.25
to 0.4% arsenic, 0 to 0. 1% by weight copper e.g. 0.02%
15. to 0.5% copper, 0 to 0.5% by weight tin e.g. 0.002% -
to 0.4% tin and 0.to 0.5% by welght selenium e.g.
1,001% to 0.5% selenium and a particularly preferred
alloy composition for the current conductors of the
plates is 2.3 to 2.8% by weight antimony, 0.25 to 0.35%
20. by weight arsenic, 0.10 to 0.14% by weight tin, 0.02 to
0.05% by weight copper, 0. 002% to 0.05%. by weight selenium,
balance substantially lead. '
The charging rate is desirably kept at not
greater than C/15 and preferably less than C/20 e.q.
25. C/20 to C/60.
The volume E of electrolyte in the battery after
formation is desirably in the range 0.08 (X+Y) to 0.99
(X+Y) and is preferably at least 0.8 (X+¥) or 0.9 (X+Y¥)
or even 0.95 (X+Y) where X is the total pore volume .
30. of the separators in the dry state and Y is the total
pore volume of the active electrode material in the

e

\



Ystthe _Yol-ume E of electrolyte in the battery after formation is desirably in

. ftheAjange 0.08 ( X+Y) to 0.99 (X+Y) and is preferably at least 0.8 (X+¥) oOra-
X+Y). or even 0.95 (X+Y) where X is the total pore:volune 30. of the
rators in the dry state and Y is the tdot al pore volune of the active

el ectrode material in the 4. dry, fully charged state. These val ues
enabl e the active material to be utilized-nore efficiently than when | ower
ammounts of electrolyte are used. It has akso been found that reconbination -
can 5. still occur at the negative el ectrodes at these very high | evel s \/
of saturation of the pores which is contrary to what is conventional in
reconbi nant sealed lead acid cells. The ratio of X to Y may be in the range
6:1to 1:1 10. e.g. 5.5:1to 1.5:1 or nore preferably 4:1 to 1.5:1. The

el ectrolyte actjjyg, ”&Rﬂ!lya'cﬁﬂ- &l Etattel Leasihdb O flﬁesaEnEBQ.%t thd6 or at

| east 0.10 and s the ratio of Terr] in grans to t in the active

material on t heapédivie makgriakghei be é‘rtéé-t-’-r%smql?)e %ﬁféGF‘-&f‘éé-YastQﬁfhrrs of

lead. It is pre&ﬁéﬁblmwé\.— t4ifouRBgeol. dlelctrb P freOuddgl,0 0.55 e. g.
0.20 to 0.50. As mentioned above the separator maferial is mcrofine

glass fibre naterlalxﬂnhﬁﬁ|%1%%n598§sﬁSﬁ?@MﬁF%EéB?%@HP1§a§i°n can
: 5. still occur at the negativg electrodes at these very

high levels of saturation of the pores which is
contrary to what is conventional in recombinant sealed
lead acid cells. | ,
The ratioc of X to Y may be in the range 6:1 to 1l:1
10. e.dq. 5.5:1 to 1.5:1 or more preferably 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 H2804 in gréms to the lead in the active
material on the positive and negative electrodes
15. calculated as grams of lead.
It is preferably in the range 0. 10 to 0. 60 e.g.
0.11 to 0.55 e, g. 0.20 to 0.50.



5. ¢ .having anel ectrol yte absorption rati.o of at |east 100%e.g. 100 to
2008 especial |y 110 to 170%- It is electric- ally non-conducting and

el ectrol yte-resistant. Electrolyte absorption ratio is the ratio, as.a
petrcent age, of the volunme of electrolyte absorbed by 10. the wetted
portion of the separator nmaterial to the dry volume of that portion of

t he-separator material which is wetted, when a strip of the dry separator
material is suspended vertically above a:body of aqueous sul phuric acid

el rolyte of 1.270 SG 15.. contai ni nd0. 01% by wei ght sodi um | auryl -

sul phanate wi-th 1 cmof the l'ower end of the strip imersed in the
electrolyte after a steady state w cking condition has been reached at -
20[err] at a relative humidity of less than 50% 20. - The thickness of
the separator material Ts—neasured"~wth a.mcrometer at a-toeadi ng of 10
kil o- pascals (1.45 psi) and a foot area of 200 square mllinetres (in
‘accordance with t he®fefifRtFinnetiskoye shenseparaterinateriah isomisgedine

Thus the d h ; ' ' 0 a0 o i
us the dry vghege &bromdteri 88 WnhidMPLe tandEdssisdle Mfggcﬁr@lrgg &%

wi dth. and length,of the sanple by its thickness neasured as
al so preder thg?‘vtiﬂg %ﬁ%ﬁr%"*ﬁé%/%@ﬁﬁ"ﬁ&ép@ ratig o8 atwlerstgledight

of at |east-5 @ug.on00hacZDE: teSpechattly 1ulated heydd ect £0! Yheoshad -
have risen tp-a-Eel ht of at |east S cns_above the surface of the
electrol yte i ntd Khﬂ&ﬁ e ,??{%%faBd edpstacdytanraststanps when the
steady state condi (g)¥ktrolyte absorption ratio is the ratio; as a .
_ percentage, of the volume of electrolyte absorbed by '
1Q. 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
aqueous sulphuric acid electrolyte of 1.270 SG
_15. containing 0.01% by weight sodium lauryl sulphonate
with 1 cm of the lower end of the strip immersed in
the electrolyte after a steady state wicking condition
has been reached at 20°C at a relative humidity of
less than 50%. T .

20. ‘The thickness of the separator material is
measured with a micrometer at a loading of 10 kilo-
pascals (1.45 psi) and a foot area of 200 square
millimetres (in accordance with the method of British
standard specification No. 3983). Thus the dry volume

25. of the test sample is measured by multiplying the width .
and length of the sample by its thickness measured as
described. ' | -
~ 'We also prefer that the separator material should




has been reached, so that good electrolyte distribution i.s achieved in each
We-find-that these two-requirenents are net by fibrous blotting -
Hper -1 ke materials nmade fromfibres. 10. havi ng di aneters in the range

J1 mcrons or less up to 10 m crons. 6-the average of the dianeters of the
fibres being | ess than 10 nicrons, and preferably | ess than 5 microns, the
wei ght to fibre density rati o, nanely the ratio of the weight of the

fibrous material 15. in granms/square nmetre to the density in grans/cub

- centinetre-of the material-fromwhich the individual fibres are \-/
made- preferably being at |east 20 preferably at. | east 30 and espeC|aIIy at .
| east 50. This conblnatlon of. properties gives a.materi al which is

hi ghl y resi stant to rg¥n% hgo rites from
the positive.ele ?‘YSdg' %ﬁl@&;&% ﬁggghthe negyatlﬂég%l ectcrdosggéjrb(rjﬁggm ng short -
c 13 r CUIb tz Y\,hu | st?hbvehetmrp mmlyvehamaheoelacm:@.ymﬁ ghouddnhaves :
absorbed el ectrol yte till | ups of gas

t ransm ssi on capﬁ% Pta: géhgggnﬁl ngﬂét r?ee%?jéagl E?Je?‘fj%gf |gn whi ch gas
reconbi nation i ssuﬁfdde)ofltheaeeemmcmﬂor whics chepstaip ofder
super at nos erlc ress e. a

upwar ds an dlue 7m$‘5§ %?t?gpaﬁm‘f}%?ga?hél é@%ﬁ@ﬁ%&%gaﬁﬂ et:):l.on

el ectrol yte absohasl bleemtr@aohedt;e soedat ogoodnd Lelot o lyee distribution

el ectrochem cal efflc ency of .1h g el ectrode, the battery oper at es
under the so-calt acm\y &' 158R9I E,

P We .find-that these twc-requlrements are met by =
fibrous blotting paper-llke materlals made from fibres-
10. hav;ng diameters in the range o. 01 microns or less up

. to 10 microns, - the ‘average of the diameters of the
fibres bezng less than 10 m;crons, and preferably less
than 5 microns, the we;ght to fibre demsity ratio,
namely the ratio of the'weight of the fibrous material

1s. 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.
Thls comblnatlon of propertles glves a materlal

20. which is hlghly resistant to "treeing through'",

namely growth of lead dendrites from the positive
 electrode in- a. cell to’ the negative electrode producing
short elrcults, whilst at the same time even when
containing large-amounts of absorbed electrolyte, still
- 25. providing a sﬁbefantiel degree of gas transmission
capability. |
Recomblnant lead ac1d batteries, in which gas
recombination is used to eliminate maintenance during
use, operete under.superatmbspheric pressure e.g. from
30. 1 bar (atmospheric pressure) upwards and due to the



5. r’ cycle". Thus oxygen, generated during charging or ove?charglng, at

the positive is transported, it is bellevedthrough the gas phase in the
separator to the surface of the negative which is danp with sul phuric aC|d
and there reconbines with the lead to formlead 10. oxide which i's
converted to |l ead sul phate by the sul phuric acid. Loss of water ..is t hus
avoi ded as i s excess gas pressure inside the battery. The hi gher
el’ectrocheni cal efficiency of the ne%@tlve active paterjal enables the
négatlve el ectrode 15. to effect recdnbination of the oxygen produced by

the positive el ectrode even at the beginning of the charge cycle. Thus we

et v mator PR TEDHER AlelRE, 3 SN YR by o RE Bl APl lefe g
20. in accor cibsurptiont hatieact riie depdraborseand thentiighes can obtain
pcrSisen SRRl okl s ¥IE Sl d, 4k R, HBURYAYs 'SRIRLINE,
features in Zhe dnnrbtenyl opermmnderethetsoebaiﬂ.edl "ebfygemency of t he
Cl ot rodes, ITEEr- bo BAFERRYRer) Eifvhel abr ing cHalEHE BE Lt Ve
el ectrodes dmxarchangEng,ramlahptpusntiwm bs tnanpmgnﬁedaeﬂtciSOdes bot h
i sonar e s TtOVREIBREBEREA) QU BN ag) 16V SRS Upd NG B50ne
anbi ent (i .eswsfac?]9f thEhagsaflac,\tQ)rmich is damp with sulphuric _
acid and there recombines with the lead to form lead
10. oxide which is converted to lead sulphate by the
'~ sulphuric acid.: Loss of water.is thus avoided as is
excess gas pressure inside the battery.
The higher electrochemical efficiency of the
. negative active material enables the negative electrode
15. to effect recombination of the oxygen produced by the
positive electrode even at the beginning of the charge
cycle. Thus we have discovered that it is not necessary ////
- to have excess weight of negative active material
_ compared to the positive active material and by working
20. in accordance with the teachings of the present invention
we can obtain increased capacities with the same cell
volume. . _
_ However, recomblnant operation of the battery may
be facilitated by the use of a number of features in
25. combination.
- Though the electrochemical efficiency of the negative
electrodes is in general greater than that of the :--
positive electrodes, it must be born in mind that the
. efficiency of the negative electrodes drops more
30. rapidly than that of the positive electrodes both




p severely and the battery is -subjected to a regular discharge recharge
edi me. 10. One should provide a restricted anount of electro- lyte
as describéd above and one should provide a separator, desirably having a
~ high electrolyte absorption ratio as al 9o descri bed and defi ned above, .
which is conpressible, so as to conformcl osely-to 15. the surfaces of t

el ectrodes, and which has wicking or capillagry activity., r
transmi ssi on &S ctlet FeilySe WHLEER LR ?ﬁ%ﬁ&%’??ﬁﬁ Bgt &i%lfhe“

el ectrodes is é}?&% t ahad GatHHrser ¥Rl akdeaiwepémpératare’ 'ﬁ\t@%:iaétﬂim
the cell, whil st s transm_ssi on 20. thrqugh t en spaces i

separator is Mrﬁ%ﬁﬁﬁéds@qlr% %@ﬁﬁﬁﬂ:e(d-n& eé}?eocgas t g@ssrﬂe{q b8t ween
the electr Odeimist ahgOtaRSH Sthto e€coin TToY itlte gélaééiﬁeb.lar e e\ﬂsel

havi ng-very snmall.fibre dianeters_as the separ at or teri ensures

that the 8pen %‘é’e%%g?ﬁ- -t he dBphr £0Br 2aaRdNGTY S V3B r +888s BY, e
ful fil'ling thegg éﬁﬁ?@t dfhaisé hgoegraod Horweisy dib Istesréfepygh as

descri bed above t he argi ng condi.tigns nerate en .at a faster
rate than it (?é?fib ?rﬁﬁg&ﬁx&-}d’-?o‘s’t"ﬁaeﬁgﬁg@e %Oregﬁi}é% gﬁﬁ chargeat ,

lll It be. taken into account for the specific cell use 5. envisaged. _Thhs

then the excessedhypps regieged from 9. the battery. . The container ,ef

the battery is thus provi d With gas venting neans. The gas venting
nmeans preferabty take the Torm of- a non-return val ve ' -

™y 10. One should provide a restricted amount of electro-
».., )

lyte as described. above'and one should provide a
separator, desirably having a high electrolyte
absorption ratio as also described and defined above,
which is compressible, so as to conform closely to
15. the surfaces of the electrodes, and which has wicklng
or capillary actlvity, whereby transmission of
electrolyte and elec#rolytlc conduction between the
- electrodes is facilitated and preserved independent
of the orientation of the cell, whilst gas transmission
20. through the open spaces in the separator is maintained
' so that adequate and rapid gas transmission between -
the electrodes is also ensured.
Use of microflne glass fibre material having very

[0

_ small fibre diameters as the separator material ensures
25. that the open spaces in the separator are highly tortuous thus
fulfilling the requirement that the' separator resist
"treeing through" as described above.
'If the charging conditions generate. oxygen at a
faster rate than it can be transported to the negative
30. and react thereat, then the excess oxygen is vented from

a mner's.cap lanp battery, the tenperature of use does not.normal sy »- .




o '
so:that air cannot obtain access to the interior of the battery although - Y Y

excess @gas generated therein 5. can escape to atnosphere. The |id of the
container may be formed with filling apertures to permt electrolyte to be
i ntroduced into each cell. The filling apertures may be cl osed after the

el ectrol yte has been added but the closures 10. shoul d provide gas venting

means or separate gas venting neans shoul d be provided. Further features
and details of the invention will be: pparent from-the follow ng

de ription of various specific constfuctions of |lead acid electric storage

15. cells and batteries enbodying the present invention which are given by

way of exanpigeoph¥t tE | CIBENAnta1hEe STOURABAERHY A NERuEn Vi oh:

Figure 1 is a scrap ective cut-away view of an experi nent al

r econbi nant PﬁﬁﬁlééﬁdWé 1§3% GeRFHRE Deanscel| I aERS ngeRkENBnventi on,
Figure 2 is gegfika r@&@&%&l%@ttawl tMeevoeh ofe d 'rﬂzﬁliﬂ'etui'h 9hlkegure 1

show ng the gas vent ure scrap Cross se ona Lew on the line
) or 86T 5HRE Righ&Rmne ebhals: ABRRaS, thahs TRteBLETLAE and
t erm nal pOSthérBatﬁdﬂyjaIﬁhb%$E éxfess EB&U@%n%rétédpﬁhéfélﬁUt awnay

perspective view of ned for use as a mner's cap lanp -
battery% Fi gofR S§SF&Psn é%%?%ﬁsggﬁﬁnlng phot omi crograph 30. of a

preferred separat Phemdtiet icf tlie 1068tadhdrmaay be fdfmediwaithon and

' £illing apertures to permit electrolyte to be introduced
into each cell. The f£illing apertures may be closed
after the electrolyte has been added but the closures

10. should provide gas venting means or separate gas
venting means should be provided.

Further features and details of the invention W111
be apparent from the following description of various
specific constructions of lead acid electric storage

15. cells and batteries embodying the present invention
which are given by way of example 6n1y with reference
to the accompanying drawings in which:-

Figure 1 is a scrap perspective cut-away view of

: an experimental recombinant lead acid electric storage
20. cell embodying the invention,
- Figure 2 is a scrap cross sectional view on the
line II - 171 0of Figure 1 showing the gas vent,

‘Figure 3 is a scrap cross sectional view on the

line III - III of Figure 1 showing the way in which the
25. group bar and terminal post are sealed into the lid, . -

Figure 4 is a partly cut-away perspective view
of a battery des1gned for use as a miner's cap lamp
battery, :

Figure 5 is an electron scanning photomicrograph
30. of a preferred separator material at 1000 fold magni-



: »oure 6is aviewsinlar to Flgure 5 at 4000 fold nagnlflcatlon Exanpl e
The cell shown in Figure 1 has a capacity of 5 Ahr and is . s
nmodated in a contai ner 42 made as a single noulding of a pol ypropyl ene
pNagtics material. The cell is sealed by a lid 46 which is connected to the
wal I s of the container 42 by the nethod known as 10. heat seal ing" in which
the edges. to be joined are placed in @oyact.-with opposite surfaces of a
heated tool which is subsequently withdrawn and the partially nelted edges ™
are pressed together. The cell contains four p03|t|ve pl ates 50 (which 15.\./
are not shown since they are hidden by the separator) interleaved with
‘three negative pl ates 52 ich are normally al so hidden by the separator).
The pl ates areﬂiﬁiﬁih om one another by separators 14 of electrolyte

and gas perneabl e c@igunei 6 dsbhottiiewy Lmilanpto- Fikerd 5 2t i40@0 fold

mat eri al whose cogg ? t|€ agnd function wll be described bel ow A

separator 14 | #ﬁ a%t®on both outside faces of the cell. There are

t hus ei ght she%g %arator in each cell. - The positive plates 50 and
S

gﬁga;Lgeegéﬁtfornedﬁﬁf H?éi%agégg?'gnfﬁigééFa.l gﬁu%%gﬁngg% g]aghgh

negative activdhat end otie aacemmalda'haébemlaecqntadnmmgrmadeveagha 15.0
0 ool Sy SATPAThE 82 W Vet Ehbrs platihcl naftiaRl)
The positive aGties celkl elSaSeaé.edt rbarfmllxﬁn kg which is connected to
g g the walls of the container 42 by the method known as
) 10. "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 cell contains four posltlve plates 50 (which
15. are not shown since they are hidden by the separator)
interleaved with three negative plates 52 (which are
normally also hidden by the separator). The plates
are separated from one another by separators 14 of
| electrolyte and gas permeable compressible blotting
20. paper-likegle. ss fibre material whose composition and
function will be described below. A separator 14 is.
S also placed on both outside faces of the cell. There
are thus eight sheets of separator in each cell. The
positive plates 50 and negatlve plates 52 are both 1.4mm
25. thick, 4.3 cms wide and 8.5 £y high and are each
formed from a cast grid of lead alloy and carry positive _
and negative active electrode material respectively and
each grid weighs 15 O grams. '
B The grid alloy compositionin % by weight is 2.43%
30. antimohy, 0.22% arsenic, 0.04% tin , 0.006% copper, 0.004%
selenium, balance lead. . | |
The positlve active material had the follow1ng




11‘!5;tosition before being electrolytically fornmed: grey oxide 1080 parts,
fi-Bre Or45 parts;, water 142-parts, 1.40 SG aqueous sul phuric acid 60 parts.:
The paste had a density of 4.2 gr/cc and a-lead content 5. of 79% Each
positive plate carried B5 granms of active material on a dry weight basis.
The negative active material had the follpyng conposition before being
electrolytically fornmed: grey oxide 1080 parts, fibre 0.225 parts, barium
10( - sul phate 5.4 parts, carbon back '1.8:parts, stearic acid 0.54 parts,
Vani_sperse CB (a |ignosul phonat e) 3 27 parts, water 120 parts, 1.40 SG

28%27’%3“28%’%@&32% BRESRe ool et Cealy L8RS Y Yprima B oot e
_material ]?gflé y oxidd 1os§0s ai/ea sm&&e@ is gﬁeglr tewgcﬁéhsi- B{]Jlml sh
e e e S8 aaton eSS et o e oo
20. thick, tp&seebmild&ﬂsiﬁi aF hin ﬁ/é)cZaﬁHC&O'l%a@Q:cjﬂ@éﬁE 60 as
bel ng” abokn | 055 AP 8o SACT, Bob 4t IReARIAFE (RAFTRES B Sans RF dRetiven:
g abott rron ent
rregnificatlormatérg.laa.edhea dﬁﬁowéggﬁﬁmhﬁgure 6 at 25. 4000 fold. It
Mar ge.amount -of - oplies RRAABLTReBRENS MaKeA ki Ao DS, SRIO¥ERTed for
its wicking aadmpbsd.ttricdrytmeﬁd?ﬁér bhm@ EhsPtrdlyescal 190 forRsgs i bed above
It was found& gﬁ( E: ?.cfe %90 hsgr kPfq.bre 0.225 parts, barium
.10. sulphate 5.4 parts, car?on bﬁack 1. 8)parts, stearic
o acid 0.54 parts, VenisperseLQB {a lignosulphonate)
3.27 parts, water 120 parts, 1.40 SG aqueocus sulphuric
acid 70 parts. The paste had a density of 4.3 gr/cc .
and contained 79% lead. Each negative plate carried
15. 16.0 grams of active material on a dry weight basis.
Vanisperse CB is described in British patent
specification No 1,396,308. -
The separators 14 are of highly absorbent blotting
paper-like short staple fibre glass matting about 2mm
20. thick, there being fibres 61 as thin as 0.2 microns
and fibres 60 as thick as 2 microns in diameter, the
average of the diameter of the fibres being about 0.5
microns. Figures S and 6 show this matetial at different
magnifications, Figqure 5 at 1000 fold and Figure 6 at
25. 4000 fold. ' :
' 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
o wicking and electrolyte absorption capabilities as
% 30. described above it was found that the liquid had wicked

S



p to a height of 20 cns after 2 hours and this is the steady state
jtion. This 20 cns of material absorbs 113%of ‘its own dry volunme of . =
ecArolyte, and this is its electrolyte absorption ratio. 5. - The
arator 14 wei ghs 280 grans/square netre and has a porosity of 90-95% as
-measured by nercury intrusion penetrb2etry. The density of the glass from -
which the fibres of the separator are made is 2.69 gr/cc; the weight to _
fibre density ratio is 10. thus 100.:Each sheet of separator material M
2mrs thick, 5.3 cms wide and 9 cnms high and wei ghs 280 grams/square netreej
The total vol ume of separator f.or each cell before assenbly in the cell is
76 cubic centinetres. 15. The separator in the cell is conpressed by. about .
10% and. thus dﬁletdogumi@mgmrzoocmsn aftterd lhouré8andcahis is

Er b5 Tons (i e cotheaboatadd SondiuiRn . TILPIhaR B BadaEmL Y
cell 20. is lhdofbamil3s G sesaoanoaryoemgmenq;feeieuuoﬂqma;m
Cranster and (A cERORAdS (AFF HEFaREROLNES, detBRLORI IR 0 ) ;
~The total ghi cknessrﬁé e@awmaurwewgusd m|gnam;/que etxze than 3
Chrough the scapdaes: A Bazhn YR 08 8B R A e Ral P MernhE R s cs |
5 and 6. |t npwtPesdonhpEnddromesry.or 'ﬂheedmeﬁty mfstlhe glassferred
range is 1. Stééom which the fibres of the separator are made is
o 2.69 gr/cc, the weight to fibre density ratio is
10. thus 100. . : e
Each sheet of separator material is 2mms thick,
5.3 cms wide and 9 cms ‘high and weighs 280 grams/square
metre. The total volume of separator for each cell
before assembly'iﬁ'the cell is 76 cubic centimetres.

15. The separator in the cell is compressed by.about 10%
and thus the volume of separator in the cell is 68.7
cubic centimetres. Since the porosity is 90-95% the -

“separator void volume is 61-65 ccs® (this is the value | :
: " of Xj. The weight of separator present in the cell -
20. 1is 10.7 grams. : - ' "
‘The separators being compressible conform closely
to the surfaces of the plates thus facilitating '
electrolyte transfer and ionic conduction between the
plates via the separator.

25. 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 Separetor is liable to occur with the
material shown in Figures 5 and 6. It may be as high

30, as 3 or more even 4 mms but a preferred range is 1.5 to
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13.?"5 ns. The separator weight to fibre density ratio is preferably 90 D/*
to2L20.« The total, geonetrie surface .area of the positive plates in each

cell is 2X2 square centinetres and of 5. . the negative plates 219 square
centinetres. The -dry weight of active material of the positive-plates is

74 x 1.07 i.e. 7929rams (as [gi e 68.6 grans as |lead) and that of the
negatives is 48 x 0.93 i.e. %ran‘s (as |l ead) an excess of 66% positive
ac{ive material 10. based on the wei ght of the negative active materi al

54% as | ead atio I
I(ead wei ght %) 1% 0I 6&9% nseg%*g? %awg%hkhﬁoﬁﬂrfé@g?ﬁgifzg fggggr gms

Despite the exsepsecﬁfermyt i9Q tetl@C@.materjal in 15. grams, gas
‘reconbi nation stil IIP agé&ﬂ%ff‘iedsﬁf' ‘6’e ar-@H Sof Stltléo?éhﬁ.ttiﬂebe_ due
ctroc em C ctiv

to the greater ele I clency atlvea 8. terial
enabl i ng oxygphages gmmfbop%llchéréxﬁgssfl% 'FFF% €8 B89 @lonbi ned

at the gatl ezge \}ézlﬁg{é(srgpgdgﬁug_@re wﬁlm@tﬁéglve Theedryl to

remain aila addi t1 onal é/& as jt gf %r ated at the
posi ti ve. Theweﬁ-sb‘bv@IﬁJr?@"Z#VQtﬁa 6§F-F-1lv9 a e\/é"?ﬁt@’f%l 8te8 &Svi ded by
9 i.e. 8.2 cogyapdii oy aPRAT €N, ZogpaRS § Fb?)g_l,_ﬂeﬂ oeal. 5ygﬁ'aﬂsl as lead)

cos: the void vol ume of t\% ositi e actlve

gé t hu 4 ccs. The
true vol ume ofngh&hadyas c’??g% s L8 éﬁ ?/l"geﬁ bf418 ETRES 4 6
ces; the por e(¥8l yerd) driicexegssi ¥€ 66K positiove aéctiavehmatéraeds

10. based on the weight of the negative active material
- (54% as lead) or a ratio of negative to positive active
material ( on a lead weight basis of 0.65:1. The total
weight of the grids is 105 grams. ’ -
Despite the excess of positive active material in
15. grams, gas recombination still occurs as indicated
below. ~ This is thoyht to be due to the greater
. electrochemical efficiency of the negative active
material enabling oxygen gas generated on charging
at the positive to be recombined at the negative
20. sufficiently rapidly for negative active material to
remain available to deal with additional oxygen as it
is generated at the pos;tlve.
_ The true volume of the positive active material is
74 divided by 9 i.e. 8.2 ccs and its apparent volume is
25. 74 divided by 4.2 i.e. 17.6 ccs; the void volume of
the positive active material is thus 9.4 ccs.
The true volume of the negative active material
is 48 divided by'10,5 i.e. 4.6 ccs; the pore volume
‘of the negative active material is thus 6.3ccs.



. The total pore volune of the active material is 15.7 gos. which is the

e of Y. The ratio of Xto Yis thus 3.9:1to 4.1:1 (X.+Y) is 647 -
0.7 As the active material hapgsul phuric acid added 5. to it its

por psity decreases. = VWen the active material i's charged its porosity
creases and in:the fully charged condition is about the sane as it is in

the unformed Stfhghesftaieﬁ%\%a Wotugl sircetiedladtlve ifatatedl A6l 15U ccs. |

surface area for poSI act | ve materi al 74 X 5€ 5 )

square metres awhlﬁhr ltshéihﬂag@ﬁl% o 13 x @I@Sra*'elo ZQfGXsEGareiﬁet&&s </

_using a factor gf r& met {es.g isoBg e b ght of negatlve
active nmateri alg %gsgﬁa'a?é meg‘le; quisoi rar?tehe y?sj Whﬁe ht, of tive

active material . 5 AS the prtiye @?ES %I-’r‘-}l cld @

evacuated 4 0 a Bhohtva¢ePork ded éécﬁea'se%. 0. ndxXMhet ac@i%e miteridl.
1.28 SG aqueous _sul phuric "acid

ans of H2S04_ added, to nforrred
cel|. The cell #&schaEges IJO%CP?B°56£V fBcrseses and ot %hﬁo éﬂ‘gtyu

gngS)Ahand thgncﬁhegbaogﬁnd:f%imfgsnladom; ﬂ% heatie &% gt7isamﬂ$ tfhe e14
rs, and subj écted to three.cycle char at anps for
hours and di scheRgPrEes; sFafke f%‘?fﬁéehéafj& Q%sgjtﬂ%ﬁrei ¥F8ad for 60

hours at 0.2 arps. TﬁhDWalﬁhI@ted traetanﬁace%Ereaefbrothse@d&itivéf
the shocnils Ccabbibs Pt HRoT IS R e (S8 s tiHes hethdd dndl
-battery CharactforStbesneghtzwe ibaasax 8.45 1 e. 21.5 square metres
using a factor of 0.45 square metres gram for the dry
weight of negative active materlal and 2.5 square metres/
gram for the dry welght of positlve active material.
15. The dry electrolytlcally unformed cell was
| evacuated to a high vacuum and had 56 ml i.e. 0.79
(X+Y) to 0.84 (X+Y) of 1.28 SG aqueous sulphurlc
acid i.e. 27 grams of HéSOh added to the unformed cell.
- The cell was_then allowed to cool to AOPC_(about lto 2
20.  hours) and then electrolytically formed for 48 hours at
'0.73.amps, i.e. 7C/5 Ahrs, and subjected to three cyclies
of charging at 0.34 amps for 14 hours and discharging
at 0.38 for 10 hours, and was then charged for 60 hours
: at 0.2 amps. About'lB cc of electrolyte was electrolysed
. 25. off, the specific gravity of the electrolyte thus rising
to .about 1.30 to 1.3l.
The amount of electrolyte remalnlng is thus
- 0.64 (X+Y) to 0.61 (X+Y).
: ‘ . The battery characteristics 1nd1cate that at a
30. C/15 charglng rate substantial oxygen gas recombination




30. WF15 chargi ng rat.e substantial oxygen gas reconbi nation "~ 15. occurs '
and Beconbi nation still occurs at C/ 10: The battery in the fully charged y

condition contained 0.39 grams of [err] per gramof lead in the positive
active material and 0.61 granms of [err]1l per gramof lead 5. in the
negative active material. The eleciéolyte active material ratio was thus
0.24 The battery had a capacity at ‘0 anps of 5 Ahr. (Gas reconbi nation was
dekonstrated by subjecting the cell to 50 cycles of charging at 0.34 anps.
for\J4 10. hours (125% of capacity) and dischargihg at 0.38 anps for 10
hours (80% of capacity). There was no detectable water |oss. Even after 150
cycles the water loss was less than 0.5 m i.e. less than 1% On a Faradaic
basi s one wouPGCHERe andceecambiaakdon stilltecpurs. ek /B, x 15. 0.33

i.e. 48 m. The pO%Hé‘EhE@@r9eQﬁtEH§F%R”s 4gﬁ§rgg e@ﬁi@¥¥§§€JQ¥n@ﬁipﬁg-

respective positive and negatlve group
negative grou@.Bar SFARS HpoR zdPF%nQHQQt@ﬁglséétiﬂ)thﬂ(ﬂpsttiveled

into the.20. ahtqv@méﬁfw hﬁdF'QUSE gramé' bENmR ﬂ%ou aﬁe{,g‘ 2;'%‘7

is soldered to the top of 49. The post passes a co

in the |i8tnhdR ﬁ'§iedé1 ‘6? ﬂﬁté-Nq Jagerntalso %I-eqm:tytg ring 71

can nest tighab¥ive Iniata@fasbyaeaosw post4id conpresses 25. the
ring 71 in use. A ring.,of hot nmelt adhesive 72 seals around the *0' ring

and between the i ndh& Hakkesy hpd & capacity asplel @mogrefipSbahris. A
further ring of hoGag|dedeiiBEhde16n WAl AGNOHEEraRRPBY ddbibctifg

_ the cell to 50 cyc;es of charging at 0.34 amps for 14
10. hours (125% of capacity) and discharging at 0.38 amps
for 10 hours (80% of capacity). There was no detectable
water loss. Even after 150 cycles the water loss was
less than 0.5 ml i.e. less than 1%. On a Faradaic basis
 one would have expected the water loss to be 0.96 x 150 x
15. 0.33 i.e. 48 ml. o o
The positive and negative plates are interconnected
by a respective positive and negative group bars 46 and
48. Integral;with-the negative group'bar 48 is an
upwardly projecting post 49 which is sealed into the
20. 1i4 46 as shown in'Figqure 3. A tin plated brass
terminal 47 is soldered to the top of post 49. Thé post
passes up through a collar 70 in the 1id the inside edge
- of which is dished so that a rubber 'O' ring 71 can nest
tightly in it, whereby as shown the post 49 compresses
25. the ring 71 in use. A ring of hot melt adhesive 72 seals
around the '0! ring and between the inside face of the
lid and the top of the group bar 48. A further ring of
hot melt adhesive 73 seals around the post 49 at the
top of the collar outside the lid.
30. Polypropylene packing sheets 75 are positioned

-
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of the collar outside the lid. 30. Pol ypr opyl ene packi ng sheets
7§é,re positioned 16. between the ends of the electrode pack and the & =i
cantfai ner to assi st conpr ession of tj@, pack. The cell or each cell of a
bajtery is normally sealed, that is to say that during nornmal operation 5.

a cell does not-communicate with the atnosphere. However in case a S
substanti al over-pressure should build up in ' a cell, for -instance because
. the cell is exposed to a very high tenperature or over-charged, so that \«Jﬁ

oxygen gas is Béﬁbé%ﬁdéﬂgxef‘ éﬁé%%f{ %th% td et iod8. paezd; i Ct%i@i ned, a
relief valve is provi-ded to exhaus e excess gas. ‘can be seen in
Figure 2 the v‘é‘PBEaii?eéff Q%eaﬁﬁi§§ncpﬂﬁ¥%ﬁﬂf%n$§i §Be Pagksage 76

communi cating with the iGEELi 6 ehchheel lofind basteryid d reerhasige the
cell to atnnspherﬁ. The assgge 15. 76 i.s-Wihin a boss 77 in a-collar 78
inthe Iid, anSieghedpodtdiat aFPn&FY(ﬁhﬁﬁé%mﬁinﬁ neTmale RPREALEORNAVI Ng

~ a dependi 18}, skar tedlodtés htobosommuiiivate WOLROLHR latmspiieas passage
76, but if an §xce55|v ressure shoul.d occuy in the batten% t he- skirt of
t

the 20. cap |HPVeVERa T (TATENE FYSSHAR PRerceressyre shaudd
adhesi ve tape.pagldshpvini& 66U, edoryindteneaPbeRadivt ttKe ' caLlals/8
thus ensuring that cgp,80 is not Dbl.o off by the gas pressure. -Reference
has been made %&589@950 3 Yery gliﬁg tﬂ’.‘Pe%?FBS.e OFhiQ¥Qr Teharged, so
~preferred the thaet bagerercogasd e evddvednas! at Faspardachedeekafr dhe of
wrought T M € gnPBl’ UotiSindd, Pa"Eai4e¥ i1ve 1s provided t6 exhaust
the excess gas. As can be seen in Pigure 2 the valve
is of the Bunsen type and comprises a passage 76
communicating with the interior of the cell and lead-
ing from inside the cell to atmosphere. The passage
15. 76 is within a bass 77 in a collar 78 in the lid, and’
the boss is sealingly covered by a resilient cap 80
having a depending skirt around the boss. The cap 80
normally seals the passage 76, but if an excessive
pressure should occur in the battery the skirt of the.
20. cap ‘lifts away Ffrom the boss to vent the cell. A
~ strip of adhesive tape (not shown) is secured over the [
cap 80 and thé collar 78 thus ensuring that cap 80 is :
not blown off by the gas pressure. |

Reference has been made above to cast lead alloy

25. grids. Whilst this is preferred the electrodes could ?
be made from slit expanded sheet or be of wrought form. '
e.g.perforated or punched sheet. |

YL PR Ty

_ Alternative antimonial alloys include those
i disclosed in the United States patents Nos. 3,879,217
30. and 3,912,537. '




Alte!Eative antinoni al. all oys include those disclosed in the United States

patehts Nos. 3,879,217 30. and 3,:912,537. - . 17 The electrolyte is added
to each cell in a very liFmted quantity, that is to say nuch less is added
than in the case of a conventional fully flooded cell. The electrolyte t hat

is added is substantially all 5. absorbed and retained by the separators
and the active material and there.is substantlally no free electrolyte in

the cell at least in the fully chari@d condition. Thus, in use, the cell or-

eack—tell in a battery is nornmally sealed and is arranged so. t hat
essentially 10. only oxygen is evol ved on over-charge. Any such oxygen
reconbi nes wi Theaehegdiroly e dis.adddlietockachemaldl |in apeverys at

T anged to obuit e, YA ey ha e § 8008y MG 4SS £ 4R 5TC
reaches 1.1 bthan. én ¢the msmmﬁaacmvpn$aena&<aﬁuiﬂq Zfl—‘o(adpdecelﬂlas '
ol o um and_ochs, BRectISTIAE Ly P '2a0RRCHY B ek ST HRAON o
r econbi rfat i onrabservedasnd \mtaamﬂbsbyl the Bspaaad:qns and Frhepactivexanpl e
flo?'afhéeﬁﬁgé et i?'% gl é@%gié déugéfe%ge&gﬁa} Ud'BFd E£adLRALLPLe S Ed
e cell at least in the fully charged condition.
Thus, in use, the cell or each cell in a battery
is normally sealed and is arranged so that essentially
.10. only oxygen is evolved on over-charge. Any such
' oXygen recombines with a negative plate. The cell
generally operates at superatmospheric pressure at
least on charge, and the relief valves are arranged
to open only if the pressure becomes'excessive, say where
15. it reaches 1.1 bar i.e. 0.1 bar above atmosphere.
Example 2" : ' '
Example 1 was'repeated except that the negative
~ grids consisted of 0.08% by weight calcium and 0.8% by
weight tin, balance substantially lead.
20. - The recombination performance was as described
for Example 1.
Example 3 , , _ .
Example 1 was repeated except that both grids used
- the calcium~tin-lead alloy used for the negative grids
- 25, of Example 2.
Example 4 . :
The battery shown in Figure 4 has a rated capaclty
20 Ahr and is designed for use as a miner's cap lamp
~_ battery. It has two cells accommodated in a container 2
30. made as a single moulding of a polycarbonate plastics
material gnd.separated'from one another by an integral
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) attery shown |n Figure 4 has a rated capaC|ty 20 Ahr and is de5|gned
.lise as a mner's cap lanp battery. It has two cells accompdated®in a .
iner 2 30. nmade as a single noulding of a polycarbonate plastics
meterial and separated from one another by an integral 18. intercel
partition 4. The two cells are seal ed a common i.nner lid 6 whichis =~
connected to the walls of the container and the partition 4 by the nethod
known as "heat sealing"” in which the-edges to be jOIned are 5. pl aced ij

contact with opmé gg‘e.-.%ri%f eggat edntlgo{mynb #é?g; ;éﬁf%l KY

f
wi t hdrawn and t heé paf?éfi ges are presse
battery is capped dommonuinner 3udde® |whﬁ.t5hwfnscnonnec¢ad did tthe hwalls of

cont ai ner and | | b nl@
et |t G bontLRRe B QAT erthtiln & by BB 100804 ehobde.
with three negatds/d'hratecgeadingfain é'thl¢bn$bﬁee§sgtsh&0 ke dieined| ayer
separatorsgl4 o r r o] | ot
paBer i ke gI astsol’feé‘gé% %%%?Pg ?’ﬁg@ﬁoﬁ? s#% gngy\n}??%beg ?ef;cér)l%égggel ow
Each negative plt@al iwhighpdsdsubsequentkywikbdramw: and c¢he paut
enclosing the b e epa

%él%@drfaéég aﬁbab%esséa taérs E?éjqéf?%fgre 0

wrapped right around t | des e ectr
ei ght t hi ckness@&&Rped W&ugmh&fe@%%rla%@r aWH-iGhe igageuregeto

wr apping in eaC%@'don‘i@fné?shthQdﬁléé&Sﬁﬁoabésltlo%f rizhc’é#ns5!:1151:1.
ey hasi ip o S 4 PeEEapl JBe presént iavdntion. o°¢ Y &
N Each cell contains four positive plates 10 inter-
' leaved with three negative plates 12 separated from
~one another by double layer separators 14 of
_ electrolyte and gas permeable compressible blotting
15. paper-like glass fibre material whose composition will
be described below. Each negative_plate'is wrapped
in a U-shaped sheet with the separator enclosing the
~bottom- = of the plate. A sheet of separator 14 is also
- wrapped right around the sides of the electrode pack.
 20. There are thus eight thicknesses of the double layer
separator and one double layer wrapping in each cell.
The positive plates 10 are 2.1 mms thick, 5.5 cms
wide ard 13 cms high and are formed from a cast grid
- of lead alloy and carry positive and negative active
25. electrode material respectively. Each positive grid
| weighs 38 grams and each negative grid weighs 33 grams.
The grid alloy composition, positive active material
composition, density, and lead content and the nega-
~ tive active. material composition, density and lead
30. - content are the same as in Example 1.




25. PPectrode material respectively. Each positive grid melghs 38 grans |
and @#ach negative grid wei ghs 33 grans. The grid alloy conposition, ’
posifive-active material conposition, density, and | ead content and the '
nega- tive active material conposition, density and:lead 30. content are
the same as in Exanple 1. 19. Each positive grid carries 50 grans of
active material on a dry weight basis. Each negative grid carries 45 grans
of  active material on a dry weight basds: 5. 'The separators 14 are

t he_gane hi ghly absorbent blotting paper-like short staple fibre glass
matting -described for Exanple 1; but are about 1.2 mms thick, and are used
as a double |Eyeh positmwevgmuﬁ;canrie¢ S5@pgramsr otfhiacibisess bet ween

adj acent plates of . 244 1E0 ly. Each 1.2 mm sheet of .
separ at or 14% %Oama#g‘/ygf -ntﬁé$$gpénd has a porosity of 90 to 95%

-as measured by nerEach negamivn1gmm¢t¢amnie§ 45 premserad tactivehe
?LgsigrSﬂlm?BﬁQF%ﬁga%eﬁéfquiﬁ.<). husgiﬁgreEggﬂesﬁgetlzf sgga?;{gf
material§js 0.12 e‘ﬂhet seperagors id: varie the same highdiyrabsorhentsheet of
volune of seniref Brbg papsEtiike’ hott stiod ﬁb?l‘f’?;?t STagE mgpender, ot
173.1 cubic oﬁms¢nebedsiorh&k@qm%eukn butt arvec Wﬁslxﬂnﬂl%sbblﬁk,about
10% and t hus éﬁ@ 4PLUBeq' ald'® SRAMTE ClayBrt B eCePrdvwidiivg 8a total

separator thickness between adjacent plates of 2 4 mms

10. Dbefore assembly.

‘ Each 1.2 mm sheet of separator 14 welghs 200 grams/
square metre and has a porosity of 90 to 95% as measured
by mercury intrusion penetrometry. The density of
the glasgfrom which the fibres of the separator are made

15. is 2.69 gr/cc{) the weight to fibre density ratio is
thus 100. _ _

Each sheet of separator material is 0.12 cms thick,

6.1 cms wide and 14.1 cms high. Each sheet of the outer
wrapping is 32 cms by 6.4 cms by 0.12 cms thick.

20. The total volume of separator for each cell before
assembly into the cell is thus 173.1 cubic centimetres,
The separator in the cell ;s compressed by about 10%
"and thus the volume of the separator in the cell is 155.8
ccs. Since the porosity is 90 -95% the void volume is

25. 140 to 148 ccs (this is the value of X).

The weight of separator present in each cell is
31.6 grams. :
The total geometric surface area of the positive
) plates in each cell is 572 square centimetres and of
' 30. the negative plates is 429 square centimetres. The dry



- Since the porosity is 90 -95%the void volune is 25. 140 to 148 cc$
is the value of X). .The wei ght of separator present in each cell S, -
3 26 grans. The total geonetric surface area of the positive plates in each
call/is 572 square centinetres and of 30. the negative plates is 429
square centinetres. The dry 20. wei ght of active naterlal of the
positive plates is 200 x 1.07 i.e. 214 g0ans (as [err] i.e. 185 grams as .
| ead) and that. of the negatives is 135 x 0.93 i.e. 126 grans (as lead) or a
ratio of negative to positre 5. active material ( on a |ead weight basi &/
of 0.68:1. 'HmeWeightmaighbthefmatprﬁallsf?&heypnnntﬂ%e plates is of o

apparent  vol une29d 513, dedly’ 2 EkthETRe® £20; . £ B8] oRrally 8l o
the positive acleaé)rrandr rb!dat of htise 2iegativethd g rlE5 wol 0nB3ofi.ehe .
Volre ts 126 dHpqEiehy Abs Ledy 6% tatio br HodEPLol e’ PR
active matSeri ala¢tiveumaterdals. ( emsa leadewedigit easis)l afeOeH8i:ils
' thus 3. 2 1 (BPE. ﬁgfg%x%%i%ﬁ* T, EhpofriRsl 1ot grdug, (010 0 U face
area for the positivEheckiee vakuwne 0L Sheipositive active waberdadetres
20. and for thggnggat aigi'a%ql%ﬁrwlflé | 28,8°%ch S C1EE! Afparet drY
electrolytlcally unf orned ce
volume is 214 divided 4.2 i.e. 50.9 ccs; the pore
10  volume of the positive active material is thus 27.1 ccs
The true volume of the negatlwe active material
is 126 divided by 9 i.e. 14 ccs and its apparent
volume is 126 divided by 4.4 i.e. 28.6 ccs; the pore
~ volume of the negative active material is thus 14.6
15. ces. The total pore volume of the active material
is 43.7 ccs. which is the value of Y. The ratio 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
20. and for the negative is 126 % 0.45 i.e. 56 7 square
metres.
Each dry_electrolytically unformed cell is
evacuated to a high vacuum and has 200 ml i.e. 1.09
(X + ¥) to 1.04(X + Y) of 1.27 SG aqueous sulphuric
25. acid i.e. 91 grams of H2804 added to the unformed cell.
The .cell is then allowed to cool to 40°C (about 1 to
2 hours) and then electrolytically formed and about 30 cc
of electrolyte is electrolysed off, the specific gravity
of the electrolyte thus rising. |
30. '~ 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
(X + ¥) to 0.89 (X + Y).
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evacji#ed to a high vacuum and has 200-m i.e. 1.09 (X + Y) to 1.04(X + Y)(?éﬁ/
¢’7 SG aqueous sul phurie 25. acid i.e, 91 grams.of H2S04 added to the

#ned cell. The cell<is then allowed to cool to 40[err] (about 1 to 2
hours) and t hen electrolytrcally2 ormed and about 30 cc of electrolyte is
el ectrolysed off, the specific gravrty of the electrolyte t hus rising. 30.

The el ectrolytic formng regi me conprises 48 hours at 2.0 anps. i.e. 5 20
Ahrs. The anp y f elbﬁ toftdingd. 89 (X +
Y)\.\/' 21. Th a?{ery&% Eh It? ?‘Eﬂﬁlarged i@d}né"??rgg cont ai ns éE)S gr anms
of H2S04 per @.df @ramadofnHplf, pPen igFamQ v%e?rit &R ggeamsé'g"ﬂé’ Qrans of
[err] per grargé)d‘l Sathtorihe aﬂaabr /) A SRt T@-ﬁemrol yte

. active material ratjo was thus O.28: 1. The bat Hi capac

1 0 anps of 13e&¢. ln'h"éhﬁog»?SﬁFéV&néQ% imat ?JT" s ar é%iﬂ#‘&?

by respe 'vefwrevfmeeﬂlamg@huc Qe PeHies SO 188t D, 18. Integral wi th
t he~negat’

| ateral ly proj ectl%go}ﬁ 8T lt%]ehﬁ%jeg’a:%t Pg\é‘%miﬁ 4 IS a.
portion 20 which Ism@drp@smtiVe b ndgatire pmateslane4ymtbnnmwlres a
Connesred to epingtadnuy FroBeBtyd Ypeq%#e SnERHaRaBE Y hougn the
hol e 22 so as gypu; p)r‘usansu 16t ¢ocag. corlrepegral Wﬁehneget negapiore bar in
the left and cellp 3¢ in the left hand cell as shown in Figure
4 is a laterallj.projecting portion which terminates
in a "flag" or upstanding portion 20 which is adjacent
to the intercell partition 4 and overlies-a hole 22
in the partition. The positive flag in the left
15. hand cell is connected to a 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
20. each provided with a flag 24 overlying a hole in
- the container 2. Each of the flags 24 is connected
to a lug 26 outside the wall of the container 2 but
within a space defined by the outer 1id 8. The lugs
26 are connected to a respective comnecting wire of
25. a connecting lead 28 for connecting the battery to a
miner's cap lamp. ' A e
Each cell is provided with a Bunsen type vent
valve closely similar to that shown in Figure 2 and
described for Example 1. Each valve comprises a
30. passage 36 communicating with the interior of the cell
and leading to the space between the internal and
external 1lids 6 and 8. Each passage 36 is within
a boss in a respective recess in the internal 1lid
—-and the boss is eealingly covered by a resilient cap



)Sitive group bar in the rlght hand cell are also 20. each provided®

¥ flag 24 overlying a hole in the container 2: Each of .the fl ags. 34 «-
Vcdnnected to a lug 26 outside the wall of the container 2 but within a

ce defined by the outer lid 8. The lugs® 26 are connected to a
respective connecting wire of 25. a comgegting |ead 28.for connecting the
battery to a miner's cap lanp.” Each cell 'is provided with a Bunsen type

-vent valve closely simlar to that shown:in Figure 2 and described for e\;ﬂ

Exanple 1.  Ea0hhestitey cOM@ependingdGkirssageudd Q:Qi”émfb§§ll NgAw th th

i nferior of thacell and leading.to the- sé)a‘ge be en t mternai %
external |ids 89 Y E2ERe aﬂ% PHISSERPEN S 8T i MEeFe &gc ve
recess in the igl éaéhaedpt B0 bt s seasaring ey el £di Bynatr eidwrent
cap .22. 40 haV|g%r dependlgg sKirt around the boss. A downwar dl y

ext endi ng proj 8&Ei &Y LhYERRPOGSSUNSG Y 8 engages each cap 40, thus |
ensuring § hat- Ekgm@ygn5blomn of f by the gas pressure. 5. Exanple 5 This

ot the: aegat i ve_ otk ding, ERES sar) SEobefulEl sh cHmg °f T aenéa%éfﬁ?t

wei ght tin, batneceaeuﬂwsanbfaﬁcmpaeed 4 1@xcepranblat &@amagativéas

opcatea crcen i GO LS ol GLcHY 59 et Uil s B

by weight tln, balance_substantlally lead..

& 10.  Example 6 -

: ' ' Example 4 was repeated except that both grids
used the same calcium-tin-lead alloy used for the
negatives of Example 5.

The battery of Example 6 was glven 6 cycles of

15. discharge across a 4.4 ohm. resistance to 3.4 volts
from 4.0 volts and then recharged at a constant
potential of 5 volts for 16 hours.

The battery was then subjected to an automatic
_ cycling regime of discharge across a E.L ohm resistance

20. for 12 hours (i.e. a nominal 12 Ahr discharge) followed
by a recharge at 5 volts for 12 hours.

The battery had suffered no detectable water
loss after 30 such cycles lndicatlng a high level
of gas recombination. .

25. - On a Faradalc basis one would: have expected

a water loss of 30::2 4 x O, 33 i.e. ml. per cell .

)



The ttery of Exanpl-e 6 was given 6 cycles of 15. discharge across a 4 A
TEresi stance t.o 3.4 volts from4.0 volts and then recharged at a fie
¥t ant potential of 5-°volts for 16 hours. The battery was then subject

to @an automatic cycling regi ne of discharge across a 4.4 ohm resistancg 20.
for. 12 hours (i.e. a nominal 12 Ahr di sxharge) followed by a recharge at" 5
vol ¥§ for 12 hours. The battery had suffered no detectable water |oss after-

30 such cycles indicating a high | evgragiMgas -r econbi nati on. 25. " na ™
Faradai ¢ basis-one woul d have expectéd a water loss of 30 x 2.4 x 0.33.
i.e. m. per cell. 23. CLAIMS 1. A sealed lead acid electric storage

battery of reconbination type in which the positive and negative el ectrodes
are separated by microfine glass fibre separator material, substantially '
all 5. of the elkctral gealled ripabsaebd delacthd celseaiae dbatttethe

: —— , ; ol —

2ctive nateriSF ToropRiogRech Gyt R PR I8 PG iHe #ad cal ol at e

as | ead) bei medasivehedeCtroded tdre pesparatednbbynegdaniofimd ect r odes 10

~ bei t I i bl
brous. mat ord S bas e ssErrdedh FALCELAE, PRMLIRRRIARAY SLETP 155, ©

fibrous mater ving a sorptron ra ast 100%
the battiry, of thaselastmoilyte hehingecabstubedg isulrbeamladtyodes f and
unabsor bed elged rodyieatvbenaberadls aié kaddo ofxnegatdae active
reconblna“(NhégééggllQotggsg%aygwéégive material (on the basis of
the weight of active material calculated as lead) béing
less than 1:1 and the positive and hegative electrodes
io, being separated by séparators of electrolyte and gas
permeable compressible fibrous material having an
electrolyte absorption ratio of at least 100%, the
battery, at least when fully charged, having substantially .
no free unabsorbed electrolyte, whereby substantial
15. oxygen gas recombinatibn.occurs in the battery at

charging rates not in excess of C/20.

2. A battery as claimed in Claim 1 in which the
said ratio of negative active material to positive active
20. material is in the range 0.6:1 to 0.99:1.

3. A battery as claimed in Claim 1 or Claim 2 in
which the positive and/or negative electrodes consist of
antimonial lead alloy containing 1 to 4% by weight

25. of antimony. . | ' '

4. A battery as claimed in Claim 3 in which only
the positive electrodes consist of antimonial lead alloy
containing 2.3 to 2.8% by weight antimony.

//
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fNg rrates not in excess of ¢/ 20. 2. A battery as claimed in CCaim1lin
he said ratio of negative active material t-o positive-active 20=®. <
dRT-is. inthe range 0.6:1 to 0.99:1. 3. A-battery as clainmed in Claim
1'or - g.aim2 in which the positive and/or nédative el ectrodes consist of
antifoni al | ead alloy containing 1 to 4% by weight 25. of antinony.. 4. A
/a,t'tery as claimed in Caim3 in which onty the positive el ectrodes conS|sI N
of antinonial |ead alloy containing 2.¢<3 to 2.8% by wei ght antinony.

5. A battery as clainmed in any one of the preceding clains in which the \J
volume E of electrolyte in the battery after formation is at least 0.8 (X +
"Y)., where X is the total pore volune of the separators in the dry state
and Y is the total pore volune of the active electrode. 6. A lead acid

el ectric storage battesy Sktbiiia?f!ﬁéﬁwé{saélaﬂﬁ&af 190ldny e &1 feeehel %&@d&dihg

reference to either Figures ure i n._conbi natjon W|t

5 and 6. The textcbﬁmﬁelﬁé@jﬁfbaﬂ%n"ﬂ Segane;?rjtﬂﬁl ¥hephd: 588 ;iqq.ﬁ;tery
the applicanta orjigigsl fbﬂ&?dz.rdzptis at! ledBY QQE a0 £ tE) RRBRE NS

which are difficult to re The oyiginal typescri contalnln
anendnents may beﬂ‘ﬁs'p'@é"?id PoFS h@{)‘l"‘g?n 9@5‘%‘? %ﬁ Be gJTY state =

and Y is the total pore volume of the act:.ve electrode.
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< 6. A lead acid electrié 'storagé'b”attery substantially
g ., as specifically herein described with reference to

| either Figures 1 to 3 or Figure 4 ln combination with
Figures 5 and 6.

The text of the specification has been reproduced by photocopying the applicants original
: typescript. 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
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