WD 95/ 26055 PCT/ SE95/ 00299 1 LEAD
BATTERY Thi 9% g&%l on concerns batteries according to the regwrSEdsH0299
preanbl es of the clainms 1, 12, 17, 22. The electrodes in a | ead acid
batitery are formed by current 5 conduct i n]g | ead grids being filled with
active | ead ngkgpi gaTTRRgitive material is naned PAM and negat ive materi al
NAM The npbst common type of electrodes are those called "pasted” plates
havi ng t he cumhamt ioorehicitosy atewiapmsy hattenjes) agkanding tte P resreghive
negative el ecgr e%r diandAtfss Poreus 1 Feparators are placed.
Usual Iy sever p05| I've an&1 negatlve el ect'rode’s ‘are nutual ly connected in
parallel to forma "group of plates" or a cell. The current passes fromthe

el ectrodes vi xRt roguBIGDIS lidad f&ltwnﬁtm e t Fermé@ Chy oclesrend
called |ugs whic are sol_dered t.o g?ars aﬁ:ﬁe]c? are .connected, 15. to, the fo
¢ ¢

cal l-ed t ePmi nQodugtdnd jead, grids, I R LS 189 pRterLa
batteries w tlpdyigiiare waltdeagiasl :Bjrnam;ed reAMIi sodh atgpa t PbSGhaterial t KAM ar The

W thout any 2GS AR SO ST RASE dre TAGTE rabtEq afodpea™ Bidces
expand. This \hawvimg e:hmnmmnts c;m‘:dmm dészagnﬁuu eatgrbdnt Betyeesstihe
I's not appl i e%ste WIJZ:TQ cra?ﬁ Cé?écg?réd;%é ée‘ﬁféﬁeéncrﬁéfc?ugf

volune, the p ter sc ar ges positive
past e (PAM wisepargtorns ane d?ﬂ»w e Jéétsr%‘d%ra ¥ tPesikive . aNAcReIRELIVS

corrosion w t hiyeddiedeadare amehe Iy desnnedted ol aﬁaDP@Er@éefﬁﬁﬁham’ ﬁbup
support is needed _to get an alqr%tsj]'f reversibl e rocess he s &

posi tive | ead Qfr iIRFAEESR0 OF 13y CHEHFRE BRESEHu ‘PIBr g?‘égrﬁ
| ar ger vol une vtnjwrcdmmeatbﬁdmm cin ithe suppernesaptdost the neiz\ed:trodesr Yo}

i n the corrosi e sgchax I.her

di scharge of ﬁ’?rei%%;' c%%ﬂ ésusr'S aaé%r%!rl] %eckg%‘éssé of %ﬁéﬁ §?Qﬁconne%ﬁd
cracks wilSl odsurthermse daskke stemmmﬂ-so Thercsgbl sinare hesyal iy wpnnected in
corrode. series to form batteries with higher wvoltages.

During the discharge, PbSO, with larger volume than Pb and PbO,

is formed within the electrodes. During discharges without any
20 support of the electrodes, the active material will expand.

This volume expansion is permanent if a resilient counter

pressure is not applied. During each new discharge there is a

certain increase of volume, the paste will crack and after a

number of discharges positive paste (PAM) will fall out from
25 the electrode, (the grid).

There is no corrosion within the negative electrodes . Thus
only a moderate mechanical support is needed to get an almost
reversible process. The surface of the positive lead grid is

30 formed to Pb0O,. The Pb0O, thus formed takes up a larger volume
than the lead from which it is formed and strain will occur in
the corrosion layer. During successive discharges there is some
discharge of the Pb0O, on the grid surface and because of the
volume growth cracks will occur, more lead is formed to PbO,

35 and the grids will corrode.

The experience shows that mechanical pressure on the electrode



The experience shows that nechanical pressure on the el ectrode VO -

95/ 26055y0 95126055 PCT/ Se95/ Of29&kedineads f aces
will increase the working |ife. Batteries with so called pasted pl ates thus

often conprise glass wool between the el«ectrodes, and the cells are
assenbl ed into bl ocks with nechani cal pressure against the cell walls and
thereby also on 5 the el ectrode surfaces. This pressure is nmaintai ned by

assenb- |i synfecey oligd iimcressid thenmerkeng uide. Baddmniesowith edl ocks
of cell conlai1ReY $Halcticd b‘l%@:e@atttrﬁ@ %@té@@dﬁ%ﬁ%‘@laﬁg Wlh Hé{ween the

counteract the volume | ncrease. I'n order to optain at. | ong worKking
life, the SISCtrPdesoet pRe ﬁ&‘@elcled-l s apAVaSSeRkedednde sk ¥ty | onger

di schargesmmm&aa @:@Igs@e@samm& dwmrloswaMSMatria cHerRIRo RdigigIoh

| ower ter |I|s%Eu % l.ower ca aC|t In %f cal | ed

t ubul aP ba SHE, C@Snd Blsr B e A55RRS §,
unlike in ﬂa.s:gecﬂ:hﬂ gresipsofintar aldldl dosrmhimeds sun&e::urpifatsm)reicdn \imto
positive her | | rt ed nding -
Por ous ¢ ubBuSCiR, oficBlL, Pobitalpets NS il HatUitdsS a3 S
20 wovensgrength foesounfteracinsher vollunsednangase.i s usual |y bet ween

8-10 nn1def|n|ng the wdth of the el ectrode. ese positive electrodes are
called "tube plates". One readlna for tubular batteries with tubes of glass

ti br edOhavithg oFFGh 585 OtadRoatt ong. wonkdndydidiery then Pasird Veos¢ thast e
utilisati _tha@@@lZS pmt, Lanaltitkeielss ititanddd® ﬁéﬁ:Stl%ng?eraHl@&Qﬁﬁg@sexF)and
somewhat in _the.tube Iastlc el angati on of t.he s wool nd
her enei g COTBE IGEATBAER ORRRE tar - Ba0de Erd Rhey TR SEREESPR g tre
duri ng di siowegemabPeriad ctdldeathenstmnd réohsyllasereapaiditnes return the

vol une of the positive paste to its 30 state before the discharge. The

strenqth of the glass fibres will however be reduced during the tine.
5 In so called tubular batteries the current conductor of the

positive electrode consists, unlike in pasted plates, of
parallel lead rods surrounded by active positive material which
in turn is mechanically supported by surrounding porous tubes.
The material of the tubes usually is comprised of braided or

20 woven glass fibres. The diameter of these tubes is usually
be:ween 8-10 mm defining the width of ‘he electrode. zse
positive zlectrodes are called "tube ;. .ates". One re- a for
tubular batteries with tubes of glass fibres having L.;h paste
porosity, i.e. low density, and thus good paste utilisation and

25 vyet long life, is that the paste is allowed to expand somewhat
in the tubes by elastic elongation of the glass wool fibres and
increasing tube diameter. This can cause more than 10% increase
of volume during discharge. During charge the strained glass
wool fibres return the volume of the positive paste to its

30 state before the discharge. The strength of the glass fibres

will however be reduced during the time.

WO ¢ 15227 (Sundkwrg) concerns - device having semi-tubes,
howev:r without support in all directions. Also the lug lacks
35 support.

Also in batteries with pasted plates the compressed and rela-



WO 8 05227 (Sundberg) concerns a device having sem -tubes, however w thout
support in ¥dothsoections. Also the lug lacks 35  support. AbCSKISEIS00299
batteries with pasted plates the conpressed and rel a- WO 95/ 26055

PCT/ SE95/ 00299 3 tively thick glass wool, whtch often is used as the
separator, has a certain resilient effect. In batteries having rectangul ar

containers this pressure, exerC|sed agflnst the flat cell walls is
i nsufficient tottERHY et onWhipR PEEenydFuHESY asabBfcSgRATator,

bel ow the el ectigsles @éi‘@l\iﬁof@sﬂd)@ﬂ’@l@ﬂfe@ﬂd Bhb&tt8eiekenhofdgs raceangular
entirely supported %%the |ls of the container, the

a % cgn ﬁls% ggow 11
somewhat in wi RPPEFRETS: S RERSF R crer tiased saaaanst 1 thRgs FLAL: SRGdI HRlls
pl at es whi ch hoiseviist f€kc Semptpot o é@mnﬂ@pactanuelexpanshentrmhe frdesvolQme

DE-2 758 283 c i}?&?é‘sﬁﬁd sgé?\i Ef&ggé ngii&pbéﬁner X aﬂgggnno%lﬁd since

menti on SUppOI’t or electro SI es KNnown
cells essentialthe eellememd@moargemot nemblzeralysl supperhedebyakhet wells of the

Lo once of oiiontd sled? cHBY| ol diobr 4Gy ABOHEwHAPUEA! G58ED SHRROER(LIBY

59-98476 and 60- 7436 eﬁgé atteries are so
the features acR¥FAHEFT ¢ HeSthied atder I 1e naporerbasoviarnplages which

Ib n?fpendent fL&héﬁﬁevé’@ craek nfh;?;@of@: lﬁoif’ Rt‘i}_@ﬁér oanam?@eﬁoaméete%oaeftgléiesd
atteries ife,_a e er surfaces o e.el ec S
ore put urtier BT AthateE sonrendt 2 AalenconrerR FetoRbibRrigE se11 but
surface i s mui essabumdérnged sippogh £bsoéléetso@eosidésom al | si des.
The invention will now be described in light of enbodinents and with

reference to the draw ngs, wherein: 30 . ' .
Also in known batteries having the cells essentially entirely

enclosed inside a plastic material, the resilience of the flat
15 walls will bring about insufficient support (JP 59-98476 and
60-74360) .

The problems with the known batteries are solved by the
features according to the characterizing portions of the
20 independent claims.

According to this invention which concerns lead batteries with
long working life, all the outer surfaces of the electrodes are
put under high mechanical pressure and the projected electrode

25 surface is maintained unchanged through absolute support from
all sides. '

The invention will now be described in light of embodiments and
with reference to the drawings, wherein:

30 .
fig 1 shows an embodiment of the invention according to the
invention,
fig 2 shows an electrode with a lug,

35 '

fig 3 shows an electrode with detail in an enlarged scale,



fig 1 shows an enbodi nent of the invention according to the invention, fig
2 shows _an /g@ctrode with a lug, 35 fig 3 shows an el ectrode wth detall I h
an enl ary a? WO 95/ 26055 PCTISE9S00299

PCl / SE95/ 00299 4 fig 4 shows an electrode pile, fig 5a, b and ¢ show BN
different arrangenents for securing the positive material, 5 fig 6 shows a

two cell battery according to the invention, fig 7 illustrates a principle
with respegigta EReWwangd! aleBtabas, pand, 10 flg 8a, b and ¢ show vol une
filling arrangenments inside a battery contai ner. One exanpl e of obtaining

such a support is illustrated in fig 15 1. Here the electrodes 1 in fig 1l
are assenbEid ba,tbbahdrc showtdbffeekrnfeagpahgemnenss8fvki sbcuthhguahet he

cel | contﬁéggiFg%%?g&éﬁgégihe support froman outer container (13 in fig 6)

support t bf the electrodes (in first directions, which by
the cobtainer or the vessel is defined as 20 radial directions) in order

to get an han | gc d r e h pi
pregsure oﬁﬂ§ g gﬁ@%%r%dgﬁgu§?ggeg ?Eeg§s§88§gag#§egpigﬂ?ngﬁpgﬂhgghdeflned
by the container or the vessel as axial) and constant volunme of the

el ectrode gigup, 11D@s@@éﬁé§9a|pffné@ﬁléewﬂﬁﬁ'Bb§ﬁQcE'EseréEEa3§ul gorrosion
during chargﬁggﬁ ?%gntrolled H gher pressure ITmts the dept ? t he
9

di scharge.P di scharge, lead sul phate is formed which conprises
esseni@ally | arger volune than the Pb(Qerr]. Wen the pores in the positive

e'eCtrOdeSff§68;llﬁegn&”éh::ow volume fi .ing arrangements inside a
battery container.

One example of obtaining such a support is illustrated in fig

15 1. Here the electrodes 1 in fig 1 are assembled in tubular,
constant volume containers 8 which, through the cell container
(fEig 1) or the support from an outer container (13 in fig 6)
support the circumferences of the electrodes (in first
directions, which by the container or the vessel is defined as

20 radial directions) in order to get an unchanged electrode
surface area. Through hig" mechanical pressure on the electrode
surface (in a second dire«:ion, which is defined by the
container or the vessel as axial) and constant volume of the
electrode group, the working life can be maximised since the

25 corrosion during charging is controlled. Higher pressure limits
the depth of the discharge. During the discharge, lead sulphate
is formed which comprises essentially larger volume than the
Pb0O,. When the pores in the positive electrodes are filled with
lead sulphate and the expansion is prevented by an outer

30 counter pressure, no more electrolyte can diffuse into the
electrode 1 the discharge is terminated.

With suffi: 1t pressure and support, the expansion stops anc
the corrosicn decreases. Because of an absolutely unchanged

35 volume the working life will be multiplied.

The corrosion of positive lead grids can not be avoided, since



| ead sul phate and the expansion is prevented by an outer 30 counter
pressure, %?yiﬁssel ectrolyte can diffuse into the el ectrodepcrisEbshtngg

di scharge.is termnated. Wth suffic ht pressure and support, the
expansi on stops and the corrosion decr eases? Because of an absol utely
unchanged 35 volune the working life will be nultiplied. The corrosion of
positive lead grids can not be avoi ded, since WO 95/ 26055

PCT/ SE95/ 00299tBet gridsi Havearepaspdbiilbtyi of 6f velusieudncreaseasd fhe he

expense of the yglLhug giys Eﬁs POLAHS 88! ikhe E'%hisalact@%@hﬁ;bﬁq.aah%messed

however, a signiTrcant etter current_ con UCtIVIté than the oroug past e
and the PbO2 wRb@h has f diowavex, gt isignibicantly hatter Fyrreshsrepdaraiyity

goodI elt elctri C EHE;HSE}?;EV%Bi‘buébﬁHEté/, 1%n|§f th%a}[Ptb@E_dJE@dh is f?ﬁiﬁé@V\Byt beid
conpl etely_corroded | ead, spines,i ubul.ar batteries,. ere the pressuyr.e..in
the-tubes ?s hF@F?oﬁﬁ9naEFga§ gﬁ?ﬂehﬁn§&ﬁHU@Pgr§ oo & %ﬁa§3§5i§?HWﬁfy=
thfa battery gﬁaﬁgagpamoyoﬁt tl\;\aﬁt bﬁo%b'adh :Iazads. khown Itmglme:om peey t hese
vol ume control | e tteries, waere the _whole | ndek

pressure, obtaFﬂrﬁoagéyiF8§gsP?ngaﬁ8 Fﬁﬁ Fﬁ%&%ﬁgﬁrﬁﬁﬁv ggﬁ%%??§ﬁ§%&%%§ﬁye
many t housand dnsthar gubesl §6 high, coayl acdl wscourgeat conductaxsndwtiongs many
15 Also a ne ery. b ' 4G Wi g3, |

Foil 15 firotl YoPErrod iy ST aP o S hataed £ p oo High, 15K,
corrodes 1@ Pb&pethp. sameowayr thesmanalumen sopitardd efubateriag achare the
plastic grid ngyobe geelp YsCulBep! ASEHCmachanicaln s\ VPHLAIES Wery
previ ously knoxn. Zg,ghe greisure,on he p%SI I ve el ectrode ,surfaces can be
resilient (spritRB9acti8nfidsfHREEZOR MR e H&hsF@PaGFtﬁhéﬁﬁiﬂﬂaqﬁﬂxré%ousand
di scharge can dg¢sshhoged walbbowithntbmgleitedyt kervaddd ¢urdentofcddtictors.
material, provided the pressure on the el ectrode

15 Also a new battery can be made without the lead grid. Thus a
thin lead foil is firstly formed to PAM, and already during the
formation the lead corrodes to Pb0O,. In order to handle the
plates during manufacture, a plaétic grid may be used. Use of
plastic grids in negative electrodes is previously known.

20 '

The pressure on the positive electrode surfaces can be
resilient (spring action), since a small expansion of the paste
during discharge can be allowed without influencing the working
life of the material, provided the pressure on the electrode

25 surface is sufficiently high so that the volume retains its
original volume after a discharge and the subsequent charge.
Without this expansion the supply of electrolyte to the active
material in the electrode will decrease when the pores of the
paste are filled with lead sulphate and thus the capacity will

30 be reduced.

In a battery under pressure according to the invention a con-
trolled expansion of the paste during discharge and compression
during charge can be obtained by resilient separators or by a

35 resilient element, e. g. a rubber seal being placed in the
cells or in the batteries, and providing pressure on the
electrode surface.



25 surface is sufficiently high so that the volume retains its original
vol une aﬁ a,?lscharge and the subsequent charge. Wth S xYs og,;pansmn
t he supp # electrolyte to the active material in the electro

decrease when the pores of the paste arebfilled with | ead sulphate and thus
the capacity wll 30 be reduced. In a battery under pressure according to
the invention a con- trolled expansion of the paste during discharge and

ggnpresfionTHﬂsiegfeharhescheeneapplaé@eﬂnerreaihiEﬁbuseﬁaﬁatﬁéffes with

resililen n u e the ce or

t he batterlélgégfg E?%%?dg%%a%éeggﬁ%eggéé?g i€9%§§E§§dbggF?5%%s Wlé@m)

95/ 26055 flexible separators, but the effect bETsEgesfboasely Batsenfimct

has been apgl igflstPuse #ﬁ%éﬂbﬁiﬁr &ﬁﬂa&ﬁ &é@t?b&étéfgéuggﬁ g?% to.
exi bl e separ ct is

some extent jn pasted batteries Wt ators
si gni fitant FYe pERYRRLIPR a4 TRASACHEYE oPALRYFRT | kS %%%ﬁ@ﬁ@eﬁoeﬁgﬁﬂméd@ué}@@

accordi ng tghé dléd‘l@ar@de@ﬁlﬁrpe dlﬁ:ml/é?rn@éefhé' supfatéoyedehe expand
during the %ischar uIar tp . surface o he el ectrode (i.n

the second BteRF&Fed +%CF£ $ % FRtahedHFeRbion) ¢ ﬂ%éeP%Et+%dEh?|n
the first oplanei af theeeleousadeEMEmnghéhﬁlr@arge tadiakpdbsecbionspressed

from rel Sff’é‘i#fh% g hatSd he EEpatelon s & BELEST "hhl, PROER Pofy MmOe
i nvent1®n. xes x¢n¢rﬁéﬁﬁgme@%@rbeoﬁbt&mng@swedhsaepanetonsbmaderfeem15
accordi ng tRe1de {aMe Ntk PRk, t ASmSXOsdeh gl é’éé’%%l’on 2haOtHi sl y %%f‘ésof‘”o'

I's not al ways, sufficient and an extra spring |o the electr group
may be nece®REF yINVERWIRRr to fully regulate and linit the discharge, the (
20 pressure on the el ectrode surfaces nust be high from0.5 up to

With the high pressure on the pasted surface in batteries

15 according to the invention, the expanding property of ordinary
glass wool is not always sufficient and an extra spring load on
the electrode group may be necessary.

In order to fully regulate and limit the discharge, the

20 pressure on the electrode surfaces must be high from 0.5 up to
10 kp 'm® (0.49-10° - 9.81-1C Pa), or higher. T. pressure on
the e.:ctrode surface will d:termine also the d: :h of the
discharge, because of the volume increase limitz-ion and thus
the supply of electrolyte. The pressure is limited to what the

25 separators can withstand before breaking. If springs are used
to control the volume, it is easy to vary the pressure
according to the application, (desired capacity) by using
springs with different spring constant. Less pressure may lead
to higher capacity, but also shorter life. In a battery

30 © according to the invention directed to having long working
life, a mechanical pressure of 0.98 -10° - 9.81-10% Pa is
preferred and in a battery directed to high caps-ity a
mechanical pressure of 0.49-10° - 0.98 -10% Pa. E:oansion, i.e.
the increase of the electrode thickness, of up to 15% is

35 possible with the corresponding shrinking during charge.

To be able to prevent the surface area of the electrode to



10 kp/cnferr] (0.49'-10[err] - 9.81 -lo[err] Pa), or higher. The pressure
on‘the electrode surface will determne also the depth of th SESARLSE
because of YREMMBne increase limtation and thus the supplgc'g?E

el ectrolyte. The pressure is limted to whdt the 25 separators can

wi t hstand before breaking. If springs are used to control the volune, it is
easy to vary the pressure according to the application, (desired capacity)

by using springereatl,dahf steet &Bhtaaneefnsmmlt cd;mew eadune Yy .| eaktdarl
hi gher capaC|t¥ but al so sh rter EI a att%&é %fordl to the

i nvention di r 8t EGMPESHESi B BoA§ %5? AG ciih &899 re of
0.98 -10][ err]preﬁeﬁ&bié%&mb}stPellreumaef elaeesgndiion 23 |lzadd e:rhe Fherldi:tgarbup)
hi gh capaC|ty r 9 -1 rr] - 0.98 -10[err] Pa.
Expansi on, gglieggggcﬁggsghgi ﬁg g g?ébdé%g%ﬁbkness of up to 15%is 35

possi bl e ﬂnth t he correspondi ng shrinking during charge. To be able to

prevent the S§ERE R16R BEekRG.El ¢! PR o1 adlOWIHMnet che electrode

PCT/ SE95/ 00299~ 7 I ncre an outer cont alne W _th constant_vol unme e.
steél or conpS8YFERCEEhenPsPaSEE §AB LRaVEelthe sleckredsand R faksm espace

?I [)mst f Ci r‘iul f@élﬁ&@éefmlﬁma)Zfoénéatln%ncwt ST W1l Iléﬁaiéedé& e alfla
ube I g

el ectrode surY’éEis ﬁ635g§ﬁe£g§%u%:§%lﬁ%ogf%mz@ Or%al nsqrtézsr}%c%ells

(sl udge WOIunakcbndlhgltenthetprav&bualams.needed. The cells will therefore
have a smal |l er volunme than corresponding cells 10 according to the
previous art. In cells according to the invention, the circular el ectrodes
may have one &n Aeids" Ragordingnmboe thiek 4 nventriciye & hereimonlain @l ectirades

lugs may extepd OHS(reaEKQSBrt RSrQal"fl.u%‘sr"CQ”f ?rfd?c‘eCQJ.j]é 1dPridedLeYn the
current dlstrlbutlon Lugs W th connect’i on
sides. These lugs may extend over almost the half circumference
15 for the best current distribution. The lugs with connections
are included in the circular electrode. Fig 3 shows an
electrode 1 which has the grid filled with active paste
material 4 . The electrode is provided with a current connector
in the form of a lug 3. In order to prevent short circuits the
20 circumferences of both the positive and the negative electrodes
are protected by a U-profile 5 of a plastics material which
envelopes the edges of the electrodes or the electrode paste
according to fig 3, 4, 5. If the frames of the electrode are
made from a plastics material, the U-profile is not always

25 necessary.

The wall thickness of the U-profile may be thin, preferably
0.1-0.3 mm and a thickening of the plate at the edges by some
tenth of a mm will appear. This thickening will however be

30 pressed into the separators and is in general of no concern. If
stronger profile is desired, it can be put onto the lead grid
before the application of the active paste 4°, 4°’, so that the
U-profile then determines the thickness of the electrode as
shown in fig 5. At the current connector, the lug 3, the

35 U-profile 5 may have a recess, so that the lugs 3 from the
positive and the negative plates protrude, as is shown in
figure 4, through the U-profile, such that they can then be



are included in the circular electrode. Fig 3 shows an el ectrode 1 which
has the led with active paste material 4'. The el '
providedgéfgﬁ&§$current connector in the formof a lug ﬁ?ﬁ# r@%?éto .
prevent short circuits the 20 circunfeBences of both the positive and the
negative el ectrodes are protected by a U-profile 5 of a plastics materi al
‘Wwhi ch envel opes the edges of the electrodes or the el ectrode paste
accordi ng t @eflded3toda BurkbnthechBaeesrobakrhg ¢hegtigoge are nade froma
plastics material, the U-profile is not always 25 necessary. The wal |

t hi ckness of the U—proflle may be thin, preferably 0.1-0.3 mmand a

t hi ckeni ng Ghet pbesptave ahdthegatddee mugsanetpmbﬁe@éb&en&mwbhbedpp@@bsité
Thi s thi ckegi,n I 3 S [ S& r in
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the LFprOf'ESnEE?ﬁcQQBﬁrﬂbnﬁﬁrEhSEtEh%kﬂﬁgénE& hhepﬁbe%t%ﬂgﬁﬁgé %&Qﬂnﬁbml

fig 5. At the current connect or g ave.a
recess, so PRkEer¥e THEsCQUPLERT: hé - Bes hﬁvéoaﬁﬁcthénnggéPl beppéﬁésce

prot:ﬁde baislﬁh&béﬂﬁrénaiseubgoéldéﬂrQEQprBQlHepéQHéEe THC bohBaktbhey
can en e

PCT/ SE95/ 00588 %%(El éﬁﬁ ﬁgaaecaﬁraﬁt SXBABELPBr CBAL 5°i ALEPYUFE™E. The
positi V@ annowebalityg.| The hugspBe&eeahéédedraugeﬁeobaﬂsstahteheash ot her
dth d; t t i tuat t

the opﬁogfféﬁ%¥§déa {TRRL USpEULRER waRIVEC R oBr HA® 0 cBRBrBhHE, Eile®
i nvention. Fegle.shbvbay suﬁhabbY|beamadeyfr¢Mereem&neng Spfé rubber only {
st

connecti on anObéhﬁlaeéa 2@'betﬁeéﬁe&ﬁ50661§£SehBEOékeﬁélﬁbapggeéu&e Shde

The conductor 7 cap. have g an_expansi on _col OW sofe
movabi | i ty. P9RB FGS%SS %}Eeﬁﬁﬁﬁé e;g ?hEPE&PQG mﬁpéha,§e51llent rub er

15 means 10 between the cells are combined as is shown in fig 6.
The cell walls are thin and the cells are placed in an outer
constant volume container 13.

The description and the figures illustrate examples of
20 constructions according to the invention.

Circular cylindrical batteries most easily take up the pressure
without change of volume and may therefore have thin walls.

25 If the containers are rigid enough, the electrodes and the
cross section of the cells may have other forms, e.g.
rectangular. Ordinary starting battery plates may be used
resulting in a very long life battery, the same as or better
than the tubular batteries of today. To obtain better current

30 distribution these rectangular plates 12 may have the lugs 3
located opposite to each other and have two or three lugs or
one lug as wide as the ¢« :ctrode, fig 7, and being having as
small height as possible¢ The profiles 5 surround the
electrodes on all sides, however the profiles are provided with

35 apertures in the profile where the lugs protrude, and are -
assembled with a support all around the electrode from the
container wall. In a similar way as with circular electrodes



enbedded in the container wall 8. A spring 9 conpresses the cells. It may
suitably be _nmade fromresilient soft rubber only and be plac en
t wo ceIIs.ﬁHﬂgg%§§$ting pressure on both cells. AIternativelgég&Q%??%EBQ
and a resilient rubber 15 nmeans 10 betwee® the cells are conbined as is
shown in fig 6. The cell walls are thin and the cells are placed in an
outer constant volune container 13. The description and the figures

i | lustrate exghw!espfatdrs Zoasé rpricedsbecweeni thet eleberodesntion.
Circular cylindrical batteries nost easily take up the pressure w thout
change of volume and may therefore have thin walls. 25 If the containers
are rigi d endlghshdwkd sbechovedsthat bye' finst ercradhadf dinectdbns " nmhg
have other fo : ' |,N at | a be
used resal tirepded S{FRLEDSHE Phrok COBUEERREL na"thaRsaR, PatRe REE]
tubul ar batt eelestrrdesdaith Tother of armet Ehancoireniazo Byd'at fpeORACAY

these rectanqu ] RhAE&ESt den MBYs haveehBEa | HO8iBebPisheHePPBAgi EQ1LE €3CRhe
ot her and have, two Qr three lugs or one | as, wi.,de as.,the el ectrode, fi

7, and being %h§$%g3%§e%ﬁﬁ?¥she+gﬁt o %oigPQFE ﬁﬁEeEFbppleg Gnsﬁiﬁssﬁadghe
el ectrodes orpglé. sides, however the profiles are provided with 35
apertures in the profile where the lugs protrude, and are assenbled with a

support all around the electrode fromthe container wall. In a simlar way
as with Hrculfirtl¢ econoaligers aye asechBantcally week, they can, as is shown

PCT/ SE95/ 00298, 9 e s r 2 a bet A gt e [
shoul d be not%% %%@tsbsgéf?%gﬁé%re$%§Fa gﬁ?%c?i%ﬁgﬂdiEEFﬁ%e%Ségggﬁfgckﬁgﬁs
from the perigorRsSanRhdvohvaeds3. o28@ sbnrce eaghesingdesphats d6heMPPErRed by

than circul arghBWwaBl $e60Neher c@kl al tHer eetbaitetentat 8AdeHeaclbbeebies will

erpendicular, to the firs irections,.i.e. i |l ength djr, ion_of an ._,
glegtrode be ma{htaineé ursng ggséharge w?tﬁout 8os59£1§§ y of expanding

15 in any direction, whilst the thickness of the electrode is
controlled by resilient pressure.

If rectangular electrodes are used (starting battery plates},
they may be enclosed into rectangular tubes with constant
20 volume. Circular tubes may however be made essentially lighter
at high pressure and therefore rectangular electrodes may be
enclosed into circular tubes if the electrodes are supported on
all four sides by supporting profiles 15 which contact the
outer container 13 as is shown in fig 8A, B.
25
The supporting profiles 18° may be slotted and perforated,
fig 8B, C and comprise cavities with for example extra
electrolyte absorbing glass wool 19 in order to create extra
acid volume. Porous separators 2 saturated with electrolyte may
30 be made larger than the electrodes and contact the plastic
support and extend to the outer wall. The electrolyte volume
becomes larger without increasing the electrode distance. The
outer container 13 may be made of steel for easier cooling.
According to the above, the conductors 6 can be provided with
35 an expansion coil if a certain expansion of the electrode
during the discharge is desired.



pile. 10 If the containers are nechanically week, they can, as is shown in
fig 6, be fitted exactly into a rigid outer container with constant vol ume
13, and WaRS@6@E&ch single plate is supported by the wal | SPEFSEXD02N.|  t he
circunference of the electrodes will be nggintained during di scharge without
possibility of expanding 15 in any direction, whilst the thickness of the
el ectrode is controlled by resilient pressure. |If rectangul ar el ectrodes

f
anesused (Stﬁéftd&?%éa% \V?Oﬁﬁtd?rste?ﬁ:)é ddHa B r?eofr}.‘ilxﬁrge‘?& 'a[Hcgesreerégdxgir}EﬂJ't"’He

t ubes with constant’ rcul ar tupes may however

essenti al | y Rasfirerfig Sh.ghareshacagened grhds drd fax thetfisarsequsing dde
may be encl gsfftd Nl Wre WrRlitHdtbetadd gt i idde S alehd UReld e Arcild

four sides by supporti rofiles 15 which gontact the outer container 13
as i s shown § fqp%%Aﬂ% hriRF eSS tli%dﬁ'tﬁ' gﬁq?&rlﬁ? ar%f”ﬁi’-@ dtt ddi&ind
plerforalﬁed, ifnggerﬂﬂ,orcaﬂabmrahe{ ;:‘izngszaam'_ ivte %leﬁﬁﬁ’bd‘@rtde%”r’lidﬂeﬁimqﬂ% from
el ectrol yt e ahsorbi .ql,ass 0 in.order tq.create extr ci.d vol une.
Por ous separ%tqs)rrlsé)?r&ggtq%‘r g{aés\é\%etrh pé,}nec&ercglcmte%rw ?Oele%% ﬁh@e ]I arébser t han
t he el ect rodewrzent condsttarhe filon$d.c Thepfbprafided autdmirtes dlter

wal | . The el It._lﬂgaplgaschﬁ% I '&ttbgg;it i i

el ectrode ditgﬁgl@eé.g#ﬁ\gjout el contal ng:l?'{t%g;en;g@/ e r?&q;ho:)ﬁgtéégiﬁ 1t§§'rdeez§sf| er
cool i ng. Acddilfpd sandiiciisgire Then@rdshdac ttdies I sddi Ve Rahe QX BRSIPIEES

an expasi ond tide ifead EYilndis 19X RHES iRibfart a8} ade dWHa dhe
di scharge is desir 95/ 26055

d.
PCT/ SE95/ oof@é‘%]&l’diﬁ?ﬁr“;é% &2 TS AL @RS iRt SRVeRRf by the
securing t helpatmdd ipasts. IHreettdggenad et donBhdtar faﬂlstcﬁrafsmzurhawﬂgh(i

paste and arb%é.rf1 c.lor?ﬂ)tle%aes.l.?/ Qre%zq{aé% V@ot rbb%zl Sﬁglir%ggkl‘?/i@ﬁogggsonable low
resistance, the thickness shall not be to small compared to the
15 plate thickness.

The absolute limitation and control of the volume according to
the invention will allow the electrodes in power batteries to
be made very thin, in certain cases 0.5 mm or less, with active

20 material received from so called Plante’ formation of the lead
in the positive electrode. Because of the high pressure and the
current connectors being placed opposite to each other, these
batteries will have an even current distribution which is very
important with respect to a current conductor converted to

25 PbO,. The electrodes in these cells should have an extra high
pressure for maximum conductivity of Pb0O, in the current
conducting parts.

In order to obtain entirely closed cells with high so called

30 oxygen recombination, the pressure of the liquid in the cells
shal: be high, 4 - 10 atm or higher. At this pressure the
solui.lity of the oxygen is so high that the oxygen which is
formed during charging, before the hydrogen, in its soluted
form oxidises the negative plate, which therefore is not fully

35 charged and hydrogen gas formation is prevented. With the
mechanical strength of the cells according to the invention
such liquid pressure may easily be maintained. This high liquid



th? grid. The high pressure in the batteries according to.the 5 invention
all.ows the 4l el ectrode to be nmade sinply froma grid, i been
punched ourn?%%%$%flead foil 16 as current conductor, fig Sé?ﬁﬁﬁggfﬁﬁ?ofile
5 deternmines the thickness of the positivdlactive material 4' on each side
of the lead conductor. The grid in the positive plate corresponds 10 to the
| ead spines in the tubular battery, i.e. they are centrally placed in the
el ectrode anchresmir ady aleemmak by f hehel Aorentibopast e. Since the current
conductor also after having been conpletely reformed to PbQ2 shall work

wi th reasonabl e | ow resi stance, the thickness shall not be to snal

conpared to tine asler jlatdeqreatencdte Jas pbsssure inntheatcascanll mehtreat-
of the volu orH j i i I I es in power
bat tori 65 {0 e rade vay Yhimye Wik Ak dtided bpARecy FRLLEECT h
active 2@ nmaterial received fromso called Plante' formation of the |ead
in the positive electrode. Because of the high pressure and the current
connectors being placed opposite to each other, these batteries will have
an even current distribution which is very inportant with respect to a
current conductor converted to 25 Pod err]. The electrodes in these cells
shoul d have an extra high pressure for maxi num conductivity of PbQ2 in the
current conducting parts. In order to obtain entirely closed cells with

hi gh so called 30 oxygen reconbi nation, the pressure of the liquid in the
cells shall be high, 4 - 10 atmor higher. At this pressure the solubility
of the oxygen is so high that the oxygen which is fornmed during charging,
before the hydrogen, in its soluted form oxidi ses the negative plate, which
therefore is not fully 35 charged and hydrogen gas formation is
prevented. Wth the nechanical strength of the cells according to the

i nvention such liquid pressure may easily be maintained. This high liquid



WO 95/ 26055 PCT/ SE95/ 00299 11 pressure

is al so ﬂﬂ?§ﬂdﬁw§3he invention. In order to decrease the gagTEe$eedse i n the
case of maltreat- nent, the cells have qsen provi ded by safety valves. 5

WD 95/ 26055 PCT/ SE95/ 00299 12 d ai ns:
1. Alead battery wth a container containing ag”l ve and
one negative pl ate-shaped el ectrode, separators mmmg"”@ '{)am d, c
ar act eClaimg:e d i n the projected area of the eltectr * bei ng

mai nt ai ned unchanged by the entire circunference thereof including |ugs

bei ng supported in first directions by the walls of the contajiner, said
contai ner hbvi rfy 1944 | RARERIVEEHER & FORER LAY HCORtbUIRG 2kt laast ore

pressure fregaiteyelfed ré}@@&le@er@w@ags@atf@séﬁaﬁéd gl eé o OVEdp&fat bes
electrg?es CIénﬁﬁhéHCIJng al QEa secor directipn pergendlcul r to said
first il red@® UrlC (£t RrididhFto elhimi,edn iR &Rt er i z
e d 15 | projdetedrdreasst bﬂmgelﬁmm Vibé ing maimwtyived ienclgaged by
excess pressure erein the

el ectrodes S%b%s?%rtsl’fﬁA é)%%‘gﬁleza %ﬁ%d‘{ﬂ]%@e?%aﬁ%%%né\hfﬁ%%qu I %Lg%p%?%d
20 acti vemmﬁ:erstaldlmd:tmns dy the wallg &f dthe container hesaixhductivity
Pbd err] %&Ea t el de
surfaces o%éﬁggés{ O%Erfrj] JP %g& ﬂ%rrﬁ%@%f@bl%&ég

0, 98- 14] er rjhe premsure lfqm Aghq 1e eqm@ﬁ%m@ |peans restrigfirry he

accordi ng thrcith £ tdiee PR OMSAEd Au®ing d‘y@ling?l &£ldooid 4 gedd i n that
| ead conduciors bei ngE.?foreé_‘_Fg1 PbQ2 fungc ’o‘i urrenI conducti ng
el ement s Wt LT |§P it RS nsi gni fi cant (

| ead

2. A battery according to claim 1, characterized

15 i n the container being provided with a safety valve against
excess pressure.

3. A battery according to claim 1 or 2, wherein the electrodes
consist of current conducting lead grids which are filled with
20 active material, characterized in that the
conductivity PbO, in the corroded grids maximized by a
pressure on t electrode surfaces of at 1. ¢ 0,49-10°% pa (0,5
kp/cm?) and preferably 0,98 -10° - 9,81 -10° Pe. (1 - 10 kp/cm?).

25 4. Battery according to any of the previous claims,
characterized in that lead conductors being
formed to Pb0O, function as current conducting elements with a
lead lug and plastic grids and with no or insignificant lead

grid.

30
5. A battery according to any of the previous claims,
chara terized 7 a resilient insert inside the
container, ‘hich is a cell :tainer or an outer container,

allowing a certain expansion of the active material during
35 discharge and return of the expansion during charge.

6. A battery according to any of the previous claims,



grid. 30 5. A battery accommgm‘“m\]of the previous clains, c har at
er i zed by si de the contai ner, éﬁéﬁ%’&’fy a
B n o? t he

cell cont a'Yﬁé$/2§9P5 an iner,allowing a certain ex

active material during 35 = discharge and ¥®turn of the expansion during
charge. 6. A battery according to any of the previous clains, WO

95/ 26055 _ PCT/ SE95/ 00299 13 ¢ h a r
acter ctPegdppihzof di SBh rgehaea@g»the@lfl aia¢ardedeing

pressure on tﬁe e?ectrodes elng controlla 1 te%y .accor fa

any of the prE99BiatefapPysthe prasgure,op ¢ @ e Pcer ng GO ﬁ$$9}e'
pressure being applied, preferably about 1,0 -10[err] Pa (10 atm, in order
to obtai n good ox n_reconbi nation. 8. A _battery according t of the
revious ohar fs. KgsackERPIRradtatils Bp Ao pECthelBEAANR (e
connecti ofis to hha reapectleereiezteodesbaye hohaghdlaquaﬂp@massunambeumg

t he eleptrode%%?f Uﬁ§£é§ aﬁfﬁoéﬁbﬂg ionLgba1§a glan ﬁ)a ent ?féér £ €

d 15 [

e eleé € grou tircu

cylindric tub@bta@npgogdngxygenone@emb@naann@r are fiIIed wi th supporting

profiles (15",
A Iead acjd battery mtééglon life cc rdi ng t,o any _of, the cl ai ns

1 - 9, wherei®-th® RBERGRYRFCR¥

20 10.

15'"), said profiles possibly containing extra el ectrolyte.

dr £Oj anyn, aREEVEOYS. RIS -

9, 81- _1?[mr] &an(4, f a &Otkfelﬁgiez{k)d lli_- nA lfha@ %hleddm‘fr‘b&tltyh wﬂdeﬁu:gimsl to
capacli acco I N 0O a 0 e Cl al - , wher ei n e ani
Doy P PhAe fetRa YS! o T8arEblEs aBeqT ot et PBObRyEI te Figiey B the

pressure is i
kp/cnierr]).
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35

é2ecfrbded.- sul phuric acid battery with one or nore cells,

9. A battery according to claiml, characterized

i n that volumes between the electrode group and a circular
cylindric tube, comprising the outer container, are filled with
supporting profiles (157,15 "), said profiles possibly
containing extra electrolyte.

10. A lead-acid battery with long life according to any of the
claims 1 - 9, wherein the mechanical pressure is in the range
0,98-10° - 9,81-10% Pa (1,0 - 10 kp/cm?).

11. A lead-acid battery with high capacity according to any of
the claims 1 - 9, wherein the mechanical pressure is in the
range 0,49 -10° - 0,98 -10° Pa (0,5 - 1,0 kp/cm?).

12. A lead - sulphuric acid battery with one or more cells,
each having at least one positive and one negative plate-shaped
electrode separated by separators, and being contained within a
container which defines first or radial directions and a second
or axial direction, characterized by said
electrodes, separators and sulphuric acid completely filling
the inner volume of each cell; the entire circumference of the
electrodes directly or with support in the first directions
being in contact with the walls of the container, 'said walls
having constancy of volume; in the surfaces of said electrodes



each having at | east _one. positive and one negative plate-shaped 30 .

el ectrode separated d being contained within a container
whi ch deWoes26p35 st Emﬂﬁmil EjHﬂnons and a second or XCTHEIHRY¥:t i qn, c
haracter. ectjgodes, separators and sul phuric

acid completely f|II|ng t he i nner volunme of each cell; the entire :
circunference of the 35 el ectrodes directly or with support in the first

navi ng condtay HEYRTare b hdtidtad & E, SR WlrecBidn A8 &

95/ 26055 mechanical pressure of 0,49 -10 - 9P@1/~$§5P@02@95 14 beikg/cm?) ;
arranged t o, SUPIESSE éfh a nechani cal
pressure of 0,49 -10[err] 9(j 10i er Pa (0 %&kp/cn{ err]); and each

cell being sealed in this condltlon 13. A battery according to cl ai m
12, ¢ IFa riy c & Eatdtdry ét:cﬁbirdihgfhﬁi dltten@ejrm,raéquattaVae @ tasidien e
effect or that resilient means acti,ng on the e cell g{outg under
sai d nechartt dal s ddi® SERTA AT S |abr'Fecﬁ‘l rt‘bﬁ Bt tHe tHtcknesses

of the el etesideersndeminlactiziqirors 4 obeebdpansrtthe Jcﬂalllrgimup hmdeasréani‘lt
action. r C

ed in thzﬁé%#g'c‘f:agh azlaensgsﬁ.{rdé r%g‘lu]b éL %%Qiho he e ct?? o]dsa%s %iit a&e% |n
90[ err] angtmqmesmpﬁttthe) etlr&cttmﬁﬁ% argl maginlactietnunis tdaid @xpangibn

that t c?Inq._r UM SEe b SERt i ons being able to withstand pressure
fromthe insr e ofhthe battery. 15. A lead-acid battery with long life

according to any of the 20 clains 12 - 14, wherein the nechani cal

Er/essure isLdn tm%dtaﬂ”&é@ &cﬂfordﬁ{gertrd cla&m &12 -d10[1€3r]c fa o Ja: Q-cl0e - q
the ol ot o id £ £19 bt 1EAT THLIRAT RIS ot P SHaPeh s CHangs
0, 49- 10[ er rdlectﬁ:cﬁiésl(i:[]acre]d Ha (in°5ang1e0wkphcxr’gspe]:):. to the length
15 direction of the tube, and that the container comprises end
sections being able to withstand pressure from the inside of
the battery.

15. A lead-acid battery with long life according to any of the
20 claims 12 - 14, wherein the mechanical pressure is in the range
0,98 -10% - 9.71-10% Pa (1,0 - 10 kp/cm?).

16. A lead-acid battery with high capacity according to any of
the claims 12 - 14, wherein the mechanical pressure is in the
25 range 0,49-10° - 0,98 -105 Pa (0,5 - 1,0 kp/cm?).

17. A lead-acid battery with one or more cells each having at
least one positive and one negative electrode, separators and
sulphuric acid, and an at least approximately tubular container
30 defining an axial direction and radial directions, wherein
the interior volume of each cell is entirely filled by
e. ents from the group of positive electrode, negative
el :trode, separator and sulphuric acid,
the electrodes are restrained from movement in the
35 radial directions by support from the tubular walls of the-
container and in the axial direction by application of a
mechanical pressure of about 0,49-10° - 9,81-10° Pa (0,5 - 10



17. A lead-acid battery with one or nore cells each having at |east one
pesitive and one negative electrode, separators and sul phuriperagbgooastnd an

at | east WPIOHREUSHBt el y h imger 30 defining an axial direction
and radial directions, 1 r‘mﬂ“m“grl 5 volume of each cell is entirely
filled by elenents fr arowp of positive el ectrode, negative el ectrode

separator and sul phuric acid, the electrodes are restrai ned from novenent

in the 35 gQEﬁ% directions by support fromthe tubular walls of the
cont ai ner and~in

e axial direction hy appl.cation of. a nmechanj
pressure of about ©, §¢alldpeprpvidedsfor] ﬁaﬁﬂ%QQL¥§£e rfipéggiﬁﬁ%6055
PCT/ SE95/ 00283nkRae @ dulningd battlerys dyfaMirged for mai ntai ning internal
pressure genérated during battery cycling. 5 18. A lead-acid battery

according to claim17, wherein a seal is provided for each cell such that
each cel § mailgt.ai as lieasideamld praterme ayErerding tur¢Frimat? eryheyeinng spal
to and including 1.0 +10[err] P at 9 -Rei gt dahEery
accordi ng tol& g’lrr?lvfél,e eorzgier?‘ct%(ésge(ei]i S%Chml%laéép?%c\:/l déed or.relief of
excess gas piesemmal presSunedrensnhted (duxing (PateEy | FYeliRdorni kg #8¢

claim17, wh ' : anigeabsPrepsSka)i.s in the range 0,98-10[err] - 15
9,81-10[err]qé?%%é%ﬁiqﬁghkg7c gré]). 21) A | ead-acid battery with high
capacity according to claim17, wherein the nmechanical pressure is in the

e a bt ey i e e e e ML oo oagh. oL sqgmr  ses af
| east one poé"ist iazé‘ez?rﬂf &F&’Wﬁéﬁeﬁl% lb?cgjf%f é\ﬁa%’g%&égegg? oﬁ%%sgggFéli:'?sts\o
bars nade of |ead, at |east one separator, an electrolyte conprising
sul phuricc acigy and f,4-acia battery with long life according to claim 17,
wherein the mechanical pressure is in the range 0,98 -10° -
15 9,81-10% Pa (1,0 - 10 kp/cm?).

21. A lead-acid battery with high capacity according to claim
17, wherein the mechanical pressure is in the range 0,49 -10% -
0,98 -10° Pa (0,5 - 1,0 kp/cm?).
20
22. A lead-acid battery with a plurality of cells wherein each
cell comprises at least one positive and one negative, plate-
shaped electrode, at least two bars made of lead, at least one
separator, an electrolyte comprising sulphuric acid, and a
25 container, wherein
the container is at least approximately tubular, thereby
defining an axial direction and radial directions,
each electrode has an approximately circular cross-
section, with a current collecting lug placed at the outer
30 periphery,
the electrodes are arranged with circular cross-section
approximately transverse to the length direction of the tube
and are restricted in movement in this, the axial, direction by
application of a mechanical pressure along the axial direction
35 of about 0,49 -10° - 9,81 -10% Pa (0,5 - 10 kp/cm?),
the lugs of all negative electrodes are in electrical
contact with a first lead bar,



25 container, wherekn.-the container is at |east approximately tubular,

t hereby defining an 1 irectionand radial directions, each el ectrode
has an aworasisosat el ylmn ’r, iﬁ"lsecti on, with a currBGT/SEW029t i ng | ug
pl aced at the outer c hejgl ectrodes are arranged w th
circular cross-section approxinaiePy transverse to the length direction of
the tube and are restricted in novenent in this, the axial, direction by
application of a_pgechanical essure.al ong-the_axial directiqgn 35. f
2bout 0, 49 - 10[ oFPE 1ug=gor. ThECPPRLsivEsS1etrate] aneLin Lo s of
al | negati wenthetct wadhs aasecondeleady baal, amdt act with a first |ead bar,
WD 95/ 26055 1 PCILS t | ugs
of the positive EPSCF%LSSE?S}FS Fﬁeq é‘g_FPé‘gﬁdcht g‘cggﬁ Eﬁ'gg(%gé%%r}&%ead
bar, and tkenduesingd¥spapréidenr vbighd iy ia sontacscmiitbalthe domexcting
U-prof ikl e, syhirglel 3l RheOBbAthitel) thRrePiesupportinifthele ik reisai ner,

t hereby supportin el ectrodes, preventin irect Contact between the

gth
el ect r odes PERYePheNgoRLEPREr CRTALESs PRLWERRY elSFERades RN EDS ect r odes
in radial dohtatine®sandlreddrichingadhacmdviakeher v iwithle lelrgtriddesadeor di ng
to claim 22, mhir%Ln t@e mechani cal pressure is in the range 0,98-10[err] -
9, 81- 10 er FPIPEL( $15SCT160%y/ cnierr]). 24. A lead-acid battery with high
capacity according to claim15 22, wherein the nmechanical pressure is in

the rggoe 9349- 10hgbklari@ BE- 101" W eRa 168513 £b QKRG 't claim 22,
wherein the mechani = pressure is in the range 0,98 -10° -
9,81-10% Pa (1,0 - 10 kp/cm?). ‘

24. A lead-acid battery with high capacity according to claim
15 22, wherein the mechanical pressure is in the range 0,49 -10° -
0,98 -10% Pa (0,5 - 1,0 kp/cm?).



