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! described and illustrated, it should be understood that the
surfaces may be curved or otherwise shaped to suit the

structure of the cell in which the components are employed.

20 The further component of the cell may be an active material
forming the  electrode proper, or an active mass or other
layer performing some other function such as a depolariser or
permeable separator.

An important characteristic of such electrode components,
25 particularly the current collectors of cells, is their
effective surface area, which in many cases should be as
large as possible consistent with desired mechanical and
electric current carrying capabilities of the electrode.
Additionally, many battery and electrochemical cell
30 structures that require that the current collector be in
intimate contact with a further layer of active material,
often of much less mechanical strength than the collector
itself. It is usually important both that the combined
structure retain effective mechanical, electrical and thermal
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to improve its adhesion to another material in a mechanical
and/or adhesive bonding process. This process involves
applying a planing action to multiple points on the surface
of a material to be treated, to raise undetached shavings

20 forming tongues or flanges extending out of the surface of
the material.

It has now been found that this and similar types of surface
modification treatment, and the type of surface so formed,
may advantageously be applied to conductive material utilized

25 in the construction of electrode components of
electrochemical cells such as battery cells, in that the
treatment enables establishment of a transition zone between
the surface modified component and a second component of the
cell extending beyond the tongues or flanges, within which

30 zone the contact area between the components is increased,
and a desirable mechanical, electrical and thermal coupling
occurs between the components.

According to the invention, an electrode of an
electrochemical cell comprises a first component of
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Depending on the type of cell involved, the first component

surface may be surface coated with a catalyst or other

active material distinct from the cell component supported by

the tongues or flanges so as to provide the first component
20 with desired surface properties.

In one embodiment of the invention, the first component
surface is formed both with channels in which are rooted
tongues as defined above, and also with a second pattern of
similar channels and tongues of substantially larger

25 dimensions and spacing whereby further to  increase the
electrode surface.

The invention is described further with reference to the
accompanying drawings in which:

Figure 1 shows an electrode component of an electrochemical
30 cell in accordance with the invention;

Figure 2 is a cross section through an electrode component
similar to that of Figure 1, to which has been applied a



simlar to that of Figure 1, to which has been applied a : .
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defined characteristics is required between the component
surface and an adjacent parallel component of the cell.

Referring to Figure 1, there is shown a plate 2 of conductive
20 material such as a metal suited to the type of cell to be
constructed, or a conductive synthetic plastic resin. In
either case, the metal or resin is selected to be freely.
machinable such that its surface may be treated by a suitable
tool, for example as described in U. S. Patent No. 5,376,410,
25 or using a tool as described in Canadian Patent No.
1,337,622, to provide a configuration similar to that of
Figure 1, in which a number of non-detached cuttings or
tongues 4 have been planed out of the material surface by
planing cuts terminated prior to completion. These cuttings
30 or tongues are rooted at the one end of channels from which
they are planed, and are curved away from the material
~ surface. The result of the presence of the cuttings is that
the area of the surface is increased by an amount
approximately equal to double the surface area of the
35 channels 8. If a layer of active material 6 is formed



the area of the surface is increased by an anount approximately equal to
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machi nabl eelectrode is to be used, the electrode structure surface may
' be coated or plated with a thin surface layer of a further
active material, for example, platinum acting as a catalyst,

20 either before or after formation of the tongues.

Referring now to Figure 3, this shows how two series of
planing cuts of different dimensions wmay be applied
successively to the same surface in order to further increase
its surface area and ability to bond active material. A
25 first, series of small cuttings 4A is made in the surface as
shown in Figure 1, and then a second series of much larger
cuttings 4B is made in the same surface so that some of the
cuttings 4A extends from the surface of the cuttings 4B.

The foregoing embodiments of the invention are applicable to
30 any electrode material that is sufficiently freely machinable
that planing cuts which are terminated without completion
will raise cuttings or shavings which remain intact and
attached to the substrate material at the point of
termination of the cut, and which is electrically conductive.
35 This includes material whose machining properties are
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used to cast the actual component. _For casting to be

25 practicable, the form of surface modification and the mould
and component materials must be such as to permit the casting
to be removed from the mould.

In a cell such as an alkaline manganese primary cell, it will

normally be desirable to optimize the contact area and
30 mechanical bonding between a current collector such as a cell

can, and active material such as manganese dioxide mixed with

carbon and forming the electrode proper, in the manner shown

in Figure 2. Tests have shown that application of the

invention can lead to significantly improved performance in
35 such cells.



invention can lead to significantly inproved performance in 35 such cells.
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backs of tRBeel 3R s electrode structure so that only the raised

tongues protrude through the insulative layer into a layer of

active material.

Tests on a sample of lead treated using the technique of the
20 invention have established that an increase in geometric
surface area to 200% of that of a sample not so treated can
be achieved. Since an increase in geometric surface area
does not necessarily provide an equivalent increase in
effective electrochemical surface area, additional testing
25 may be required to establish the latter for any particular
type of cell. Measurements of increase in effective
electrochemical surface area were made on electrode
comprising a carbon loaded conductive polymer in a cell
formed by the carbon/polymer electrode and a zinc electrode
30 in 9 molar aqueous potassium hydroxide solution. 1 cm?
nominal surface area (i.e., ignoring surface texture) polymer
electrodes were used, with the backs of the electrodes
pressed against a nickel grid and embedded in insulative
epoxy resin. The active surface area of the electrodes was
35 measured by determining the capacitative response of the cell
at different . frequencies, thus enabling the double layer
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pressed against a nickel grid and enbedded in insulative epoxy- resin.

The active surface area of the el ectrodes- was 35 neasured detern1n|ng
the capaWQ20§2 response of the cell at different freﬁGé % hus

enabling the double |ayer

capaci tycaf,a&me elcgg:t tade diteird@st uhdebe e ated l:&nd:.solde"edr namkd.

Untr eat ed carbon/ r el ectrodes t est e

ot her wi s@eE?H“F'HF %\ﬁ@f 5&%82‘ eL ggﬁF 58%8 Jw@ éeeer/%ét'rbbj ‘ected to
differ entogethern\smh Wamnlgeﬁwr-esaslmlamg aladtxddes tVdmfse crxroSgRd for
ot her purpo f HRE 7S OO p 1Al
effectlvg8 §S§Fe§ roC g% c‘é‘msur ace a?iel?]f(aé ttﬁg)d(ﬁar an mcreas%‘tjof

21% 5 Scute, tusdingefavailakleckeeilpodirinloned of@f obhexr JUTIPORRE r eat ed

el ectr odgpuag setidE eéiar&ﬂé)ﬁ SoPed Ogh LheReakesok0 73NaH r@ffé@ﬁ@@e ar ea,
possi bly aue to gorosm or texture of t he el trode surface

per cent agterkEPeRsEirale W iaGR arer| abt SFRTIT sift 48 ﬁ%gf r ative
to nom th_%SUI’fas:;Bn@éeethe ieF fadrsivant lealek:jcxglcbamlcaﬂhaareb,e bEgutls quot ed

above, and n ite of t f [ t f.the size,
15 shapEntﬁﬁagﬁpth'eﬁg‘% gﬁ w8 réteéntq lt(r%’gs?%n )ér?qﬁ fr&f‘ae%]?ﬂe itd

el ecttpodasmifiadt suh&aeeaaseabepnssabilYedueutO APO¥esHEY ver yEexXturqief £ | ns
of car bo%g%&@% teersllﬁjf’aéf%nd tie (?%drfﬁﬂaﬂtﬁgtéﬂ'%!ncreas%'cihféff@c@ﬂﬂe be

successfulTy Surface treate provi t he ,depth of the PI ani ng

cuts is edmctochemigal FHEARCEIRTED rakafshvmticPPPinadsSPREACEREER ckness
of the fh.EmsubsEthlall@(@ﬁéla%eﬁD|tdmrﬂg:l'@tﬁl.gﬁn£éds rpactesp dlooee suan@ssful |y

b f f f I Q.12 I I

nder st o5A16naE PRLLPI A HhE REEASTO b 5 SR bEobRY £128, |

| nvensi oghpgeet aﬂtie dhs’onghuti:eneleﬁt rjge @@rt}mm 225 bbF-ngtrﬁé‘é@@d
The | nveqyi o °§,:c;9 O3 SN0 RRCHT SUEAT cllririehY diit on SLesELeERy for

pri mary such as car Zl nc el |'s, and al kal i_ne nanganese

cel | s wh&hdinn flltlmss qf-s wEnben/polyargy d%ﬁfee’ilfﬁllmﬁfﬁ AL 3% kepRdt FhRC
el ectroc %ﬁ@h%hlﬁw&aﬁ%écgu@eesasmmw@marwtreatbaqtprs;uaed that cells,

b h I
(oot i vehe deptdn'Sf The BISBEPH EREA! ABICCTERE R Hoc SHRgn: Fide

effectivé
adj agent satistemuinildni aless ttherel eher ddd ckmass u@é theovfddey.  For

example, planing cuts 0.04 mm deep have successfully been
formed in the surface of £ilm 0.125 wmm thick. It should be
understood that the planing cuts should not in any embodiment
of the invention penetrate through the electrode component

25 being treated.

The invention is seen as having particular utility in
electrodes for primary battery cells, such as carbon/zinc
cells and . alkaline manganese cells wherein it is usually
desirable to maximize the effective electrochemical surface
30 area of the current collectors, and fuel cells, but it may be
used in any electrochemical cell to increase the effective
area of one or both electrodes and optimize support of
adjacent active material in the electrode structure, provided
that the electrode comprises, or has a conductive substrate
35 comprising, a material which is sufficiently ductile for
material gouged from cuts in its surface to form tongues or
flanges raised from the surface but remaining attached to the

8

»~



that the el ectrode conprises, or has a conductive substrate 35 conpri sing,
a material_which |s sufficiently ductile for . mat eri al ﬁfb?mcuts_
inits surV2O82052%5 orm t ongues or fl anges raised from tﬁe surface but
remai ning attached to the

surface adjarfiade taiej aerst tliencmtishe Sanee aheomatbeiaﬂlroénthe ceontrérct or

or other s C d eGhy | Y, the
vol unme avai aaﬁ&%rb%hggagka %?ngg&fgfédo%%ﬁftgg’% ncs L}%g‘#uange t hus
avoi di ng mexelyf dpcﬁnmedc tél%fwbm@@vallablw £0% Ughe tadj aeerht fehl has

been descrddagsbidnth it hdchand< etoGeaboiditer 1888 8PAréieRét Pic
process as described in U'S. Patent No. 5,376, 4I0, it should be
under stbo @R AL RFEr forms of surface nodification may be used provided

that they 10 result in material of the COrrponent whose surface IS bei ng

adi acent P IpehorEe REv bt chaf Beasl Seat SOHE° i et FAFSHES be
pl oughed kyefardnds ecouat sngfakenmotd ficationms proaesis aswmlescaibéd oimnt he
channel s g%d'P%@é?fte d. 150 359l 3 %naﬂsalarb&'aﬂa&? Eébﬁ“éiagg 9?896 or

bot h si des t he nnél’s. pattern sur ace no I on

my be  Gryaed il wﬁrﬁ% mﬁww;h@ntwdp%tw%tpmvwe@h'éhentthﬁyg
el e][TFr!Ecs st ?@heﬁgtéehﬁlprﬁs%m ?&ﬁﬁfﬁéﬂg QhoEBC@d%ﬂ"éQ:fel id hseiﬁggutes
or anges once. r . n any even e es or anges nee (0]
present sd?qé;’cfg’se‘?aggﬁﬂgb(# egtb’\?\ﬁ?dg and ’gﬂ:ﬁ‘YhQ £ Stirf ace
so as to hlangesrbmdiiedent the chhanetsnporent d:mnqﬂm evehé heuteace edf

ennanced Ghap il Sakss PHS) G FISLNEAR) SO B6He | AL  Bement £85I 11 OD

zone.

as to raise material from the channels and displace it to
15 form tongues or flanges extending to one or both sides of the
- channels. The pattern of surface modification may be
modified both by controlling the distribution of the cutting
elements, or by selectively pressing, dressing or machining
the tongues or flanges once formed. In any event, the
20 tongues or flanges need to present surfaces facing both
towards and away from the cowmponent surface so as to be
embedded in the other component to achieve the desired
enhanced electrical, physical and thermal contact through the
transition zone.



9 CLAIMS 1) An electrode of an trochem cal cell = -
characterized in t hat iJ/eewrrr‘l’s’eﬁi’fjlzﬂrfte corrponent aé%:% of conductlve
mat er i al Wor988858i ng a surface h “\m sep AWV at ed
channels (8) fornmed in the s mg“\“m conponent wi t hout penetrating
it, and pfag#gay of inte ue#s or flanges (4) rooted adjacent the
channel s and extending away fromthe surface so as to present surfaces

(5,7) facing both towards and away fraom the surface, and a second
corrponentl)(G) Aﬁxébadtngde of genedaidtyosheniiicall celiheharasterbmpdnmt, the

tongues LEanges Saaaa g0 Jekerbel chpBhale! 1915950 Konaucepgonent

in a tranS|t|on Zone out” exten g Syord s o 2aduet
conponent, sutateried ppsesgating aph?BF are eh@B%PHcaPnanﬂrFEErn%f

coupling bet V\@%gaﬁra%e eloﬁgaeeaeeﬁénnelg)(s)Arf&ln@d redenaceardhog &P cl aim
1, characterize the first co )Fn S of net al An

el ectrode acc&P8i ﬁg?“tp(?r@% rW’ith%r%%?%t?’FQ Si’n:"f'ha e o f r%’E
conponent (2) 1h$;egfraal elccbmg@@dgl pzcoﬂrbmgeeve (4) rogredeidgacesnitn.the4) An

o ectr o acRSihLe Al kgl AT’ 288 Pk Bhgace U dd1ed
present surfaces (5,7) facing both towards and away from
the surface, and a second component (6) extending
generally parallel to the first component, the tongues
or flanges engaging material forming the second
component in a transition zone (9) without extending
beyond said second component, such as to provide a
physical, electrical and thermal coupling between the
components.

2) An electrode according to claim 1, charact_:erized in that
the first component (2) is of metal.

3) An electrode according to claim 1, characterized in that
the first component (2) is of electrically conductive
synthetic resin.

4) An electrode according to claim 3, characterized in that
the first component (2) is of carbon bonded with
synthetic resin.

5) An electrode according to any of claims 1-4,
characterized in that the first component (2) is a
current collector, and the second component (6) is a
layer of active material in which the tongues or flanges
are embedded. |

6) An electrode according to claim 5, wherein the layer (6)
of active material is a mixture of manganese dioxide and

carbon.
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5) An electrode according Hml l | ims  1-4, characterized
in that t fi conponent ( Iimﬂj/“ﬂ Hﬂ ﬂent col |l ector i econd
conmponent I‘?g)svbf}@@ | ayer ekl al in which t%e t%g{i@g?or
fl anges are enbedded. 6) An electrode according to claimb5, wherein

the layer 76) An efleattriode nateconfiing a tm xt any ofofrangdedse di bxbde and

car bon. charac?eri?ed in thgt Ihe Ie_llectro&é sﬁ%fa eCtd 08 rmea
according to any of claims 1-5, characterized_in that the
el ectrode surf ReLh s wighreghannegds: hapdt Krepgwe®| Lrndleagqases (6R)f 1 dRges

(43) t ast Al de}‘délﬁﬂlécg%v@,n%xﬁi sﬁ.% tiith aeseednfrphetaraf oﬁu§§tl:9fof
substantially |arger diprepsions an acin rovidi ng a, much_| ar ger _
scal e series ofs‘blﬁ%?ﬁ%?%agiﬂ f%%%sgﬁrf‘ensgoﬁﬁa?@&ssé;%%}nﬂk@%%ﬁd?ﬁgt‘ﬁer to
iPcr e?se t he el-md:lﬁoclﬁ.rger sstdbeeserids éh c?lambl@wnactmt@;@h bo any
o] claim 1-7, char eryz I.n .S CO ent as_an
array of separ aﬁleaﬁ%%gé?gg ‘é’hg%%g sfilg)%'hﬁtg:]%é)d 1 r(?ﬁﬁrg;%%e %:Eﬁ%%f% e

wi t hout penetr aunfacde conponent, with a non- det ached rai sed,
el ongat ed tongue (4) rooted at one end of each channel and springi ng
fromit initially in_line wi th the channel and away fromits surface.

9) An el érocheni @llectdade | n@eCeBadicng BO | ARY o®E  clafimctrbde,
according to anygh&fastériBed-&n tHdd Fheelfird%Cousthpdndr cl(ah Mihs Whgrei n
the cell is a I‘Ir‘%ﬁ@/ battery _cell. , )
array of separate ‘elongated channels (8) formed into its
surface without penetrating the component, with a non-
detached raised, elongated tongue (4) rooted at one end
of each channel and springing from it initially in line

with the channel and away from its surface.

9) An electrochemical cell incorporating at least one
electrode according to any of claims 1-8.

10) A cell according to claim 9, wherein the cell is a
primary battery cell.
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