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A C'ORRENT COLW:CTOR ASSEMBLY FOR All ELECTROCHOOCAL c·ELL 

Field of ·the Invention 

s This invention ralates to a current collector assembly 

for an electrochemical cell and the cell containinq the 

assembly. 

Baokqroµnd of the Invention 

·10 Cylindrical alkaline e1ectroohemical cells commonly 

15 

20 

employ bobbin type constructions such that a centrally 

located anode is surrounded_by a tu))ularly shaped cathode. 

Elactrioal connection to the anode is generally effected by 

the use of an elonqated metal member, such as a nail, which If~ 

i& forcibly d~iven through a resilient noneonductive seal 

body that closes the open end of a cup-shaped container which 

houses electrochemically active components. One end of the 

collector protrudes abOve the seal for el•ctrical connection 

to an external circuit. 'l'he shank of the oolleetor is 

inserted into the anode. Whe~e it functions as a current 

collector. A small portion of the collector resides within 

the seal body and is in sealinq enqaqement therewith. 

Prior to manufacturing a cell, the current collector and 

seal body are usually preasselllbled. to·torm a current 

25 collector asselllbly. The aeal assembly has a centrally_ 

located. open~nq throuqh which the collector protrudes. Th~ 

outer edqe of the seal body and the portion of the seal body 

Vhieh surrounds the centrally located opening are usually 

reinforced by thickeninq of the seal body's material. At 

30 l•a•t one portion of the seal body batwa.an the reinforced 

areas may be made thinner in cross-section than the 

reinforced areas so that the seal can rupture if the cell's 

internal pressure exceeds a p~edetermined limit. 

'l'he reinf orcad portion of the seal ~hich surrounds and 

3& defines the centrally located opening is commonly raferre4 to 

as the 11hub0 • A current collector is inserted throuqh the 

opening such that an interference fit exists between the 
-· -

seal's hub and the collector whose diameter is greater that 

the inside dia~eter of the seal ~ody 1 s opening. The 
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objiiStiva is to create an inteference fit between t.he 

collector and huJ:I such that electrolyte cannot escape from 

the cell by creepinq along the surface. of the collector. 'I'he 

extent of th• interference must De carefully controlled. If 

the interference fit results in the creation of tangential 

tension ~hi~h exceeds the seal hub's radial hoop strenqth, 

the seal will split and allow electrolyte to escape. If the 

interference fit is. insufficient, eleetrolyte can creep alon9 

th• surface cf the collector and ascape from the cell. 

10 us 3,740,271 discloses the use of a clamping rinq 

arranqed around the sleeve port.icm of the pluq in order to 

exert cOlllPression on the conductive rod when it is inserted 

throuqh the sleeve. The ccnduetiva rod. is :l,nserted into the 

openi219 on the _exterior side of the pluq and then driven 

is th.rouqh the pl~g and ring reinforced sleeve on the opposite 

(i.e. interior) side of the plug. 

20 

us 5,008~161 discloses a cap asseJllbly comprising a 

· itleta1lic sleeve Which is surrounded on both sides by plastic 

and located on the interior surface of the seal body in order 

to compress the pla•tic against the collector and pre~ent 

leakage of electrolyte alonq the surface of the colleotor. 

us 5,051,323 disQloses a oonventional sea~ design in 

which the collector is inserted throuqh the sea~,s central 

opening so that the upstandinq wall which surrounds the 

2s collector is forced outward aqainst a metal component known 

as the inner · eover. Al thouqh the inner cover supports the 

outer cir.cum~erance o~ the seal bod~, the coiiector exerts 

tangential tension against the seal's upstanding wall 

throughout 'the life of the collector assembly. 

30 In another example, a commercially availa~le battery 

discloses a flat metallic rinq placed around the.outer 

81,U;tace o:t the seai body. 'l'he seal ia compressed betweon the 

oollector and rinq as the collector is forced throuqh the 

seal body's central openinq. 

35 The prior art current eol1ector assemblies have the 

following disad'Vanta9es. First, the seal bodies with no 

support around the .. bub (i.e. reinfcl'.ced portion_ of the seal 

body through -which the coi"lector is. inserted) are pro~e to 

This Sheet HasBeen Replaced 

111111111111111111111 lllf 



••••••• i 

- APR 04 '95 03: 43PM TRADEl"f!RK LEGAL 
r'-. 

P.6/21 

3 

leakage of electrolyte. Thia mode of seal failure is 
rafmed to as "h.uJ) splittinq" since the hUb splits due to· 
the excessive tangential tension created by tha interference 
fit between the collector and hub. second, wben a 

s compression rinq is used on the interior surface of the seal 
body such that the ring is exposed to the cell's components, 
the rinq may react with one or more of th• cell's components 
and qenerate gas within the cell. ~his gassing probleJll 
generally exists at an acce.ptal>ly low level When mercury is 

io usQd as a corrosion inhibitor in alkaline cells but the 
qa.ssing becomes excessive when mercury is r8ll10Ved from the 
cell. The need :tor battery manufacturers to eli'lllinate 
mercury precludes the use of a metallic campreasion ring 
inside th• cell. Third, When the compression ring is located 

15 on the exterior of the seal and the collector ia inserted in 
the.seal bod.y 1 s opening from the exterior surface of the seal 
:body, the insertion motion tends to drive the seal downward 
and out Of the com.pression ~ing. This leads to imprcpe~ly 
manufactured current collector asseml:llies that may allow 

20 electrolyte to creep along the surface of the collector when 
the asseml'Jly is incorporated into a cell. 

While the known current collector assemblies have been 
used for many years~ there is a need for an improved current 
collector assembly that siD~ltaneously (l) imparts no 

25 tanqential tension on the seal body's hUkl, thereby avoidinq 
hub splitting and. (2_) provides sufficient radial c01n.pressive 
stress and tangential co111Pressive stress on the seal's hUl:> 
thereby preventinq creepaqe of electrolyte alonq the surf ace 
of the collector. Preferably, the COlllpression means is 

30 located outside the cell's internal environment in order to 
avoid qassing within the cell and the seal is driven into the 
compression means durinca the collector assembly manutacturing 
process. 

35 summary of the Invention 
The pres•nt invention is a current collector assembly 

for sealing eleetr9chemically active components within a cup­
shaped container and for collecting c\ll'rent from the 
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components. The assembly comprises a resilient and 

electrically nonconducti~e seal body comprising an upstandinq 

wall which defines an opening therethrouqh. A collector, 

inserted throuqh the openinq and into one of the 

5 electrochemically active components provides electrical . 

continuity between the electrochemically active component and 

the exterior cf the container. A compression means contacts 

the-upstanding wall. ~he collector and c~ression means 

cooperate to exert radial compressive stress and tangential 

10 oompressive stress on the upstandinq wall after insertion of 

the collector throuqh the openinq compressed ~ the 

eo~pression means while the tanqential tension on the 

upstandinq wall remains equivalent to the tangential tension 

on the.wall prior to the insertion of the collector. 

15 In ano:ther aspect, the present invention is a current 
collector assembly for see.linq electrochelllically active 

components within a cup-shaped container and for collecting 

~urrent from the components. 'l'he assembly comprises a 

resilient and electrically nonconductive seal body comprisinq 

20 an upstanding wall which dafine11 an opening therethrou9h. A 

col1eoto:, inserted. throu9b the opening and into one o~ the 

electroohemically active components, provide& electrical 

oontinuity between the $lectrochemically active eomportent and 

25 

the exterior of the container. 
contacts the upstandinq wall. 

A compression element 
The collector and compression 

element cooperate to exert radial compressive stress and 

tanqential compressive stress on-the upstanding wall after 

insertion of the collectqr.through tbe opening compressed by 

the compression ~eans while the tanqential tension on tbe 

JO upstanding wall ·remains equivalent to the tangential tension 

on the wall prior to the insertion ot the collector. 

In yet another aspect, the present invention is an 

electrochemical cell comprisinq a container in which 

eleotrochemieally active components are housed and sealed 

JS therein by a currant collect.or assembly. '.rhe assembly 

co~priees a resilient and electrically noneonductive seal 

.body having an upstanding wall protrudinq from a surface and 
~· 

defining the perimeter.of an opening through the seal body. 
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An ::ilectrically conductive collector extends through the seal 

body's openinq. The collector provides electrical continuity 
between the interio~ of the cell and the exterior ot the 
cell. A compression means contacts the \lpstandinq wall. The 

5 collector and compression means cooperate to exert radial 

compressive stress and tangential compressive stress on the 
upstandinq wall while the tangential tension en the 

upstanding wall remains no.qreater than the tanqential 

tension on the wall prior to insertio~ of the collector. 

10 'the seal assembly of this invention minimizes leaJcaqe of 
electrolyte from the cell via a path along the sur~ace o~ the 

collector where it passes throuqh the seal by exerting 

sufficient radial compressive stress and tangential 
compressive stress on that portion of the seal that contacts 

16 the collector. Splitting of the seal and the su:Dsequent 
leakaqe of electrolyte is prevented by insurinq that no 

tangential tension is exerted on the seal. 

20 

Brief Description of the Drawings 
Fiqure 1 is a cross sectional view of a current 

collector assembly ot this invention. 
Figure 2 is a cross sectional view of a subassembly 

which forms a part of an alkaline electrochemical cell. 

Fiqure 3 ia a cross sectional viaw ot a partially 

2!5 assembled cell. 
Figure ·4 is a cross sectional view of a cell of this 

invention. 

·oetailed Description of the Invention 

Jo Referring to the drawinqs, and more p~ticularly to 

figure 1, there.is shown a currant collector assembly of this 

invention. The current collector assemhly, qenerally 

desiqnated 10, includes a seal body 12, a compression means 

13 and a rod shaped current collector 14. The seal body is 

35 generally shaped like a disk and made from electrically 

nonconductiw material. This component has a top surface 36 

and a :Dotto~ surface 38. ~ first upstanding wall 40 defines 

the circumferential boundary of the seal body. A second 
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upst.andinq wall 41, located on the seal body•s top surface 
36, detines an· openinq 20 which is located near the central 
region Of the seal body and connects top surface 36 to bottom 
surface 38. '?he cpenin9 is preferably circular. Second 

s upstandinq wall 41 has an inner surface 42 and an: outer 
surface 43. suitable materials from which the.seal bo<ly may 
be manufactured include plastics, such as: nylon, 
polypropylene, tilled polypropylene, and polysulfone. The 
preferred material is nylon. 

io Tb~ compression m.e.ans 13 , also known as a compression 

20 

element, is a tu.bularly shaped metallic cODponent. '?he 
inside diameter of ·the compression means is smaller than the 
oriqinal outside diameter of second upstanding wall 41. ·In 
this document, an original dimension of a part is defined as 
the "ncrinal" dimension. Therefcre, the ori9inal outside 
diameter of wall 41 is equivalent to the normal outside 
diameter of wali 41. One end of the compression means may be 
flared outwardly to ereate edqe.58 against which a thinned 
portion 60 of seal body 12 may shear when the cell's internal 
pressure el!l:ceeds a predetermined pre&sure. Preferably, 
compression means 13 is longer than the second upstandinq 
wall 41 so that compression means 13 directly contacts first 
exter1\al cover 16. Keeping the height of the upstandinq wall 
less than the length of the compresaion means insures that 

2s the free end of second upstandinq wall 41 will not get.cauqht 
between first external cover 16 and compression means 13. 

The current collector 14 is an elongatea ela~trial 
conductor. Preferably, the collector ie symmetrically 
shaped. Mo•t preterably, the collector is shaped like a rod 

. 30 and has two identical ends. The sealing surface of the 
coll.actor ia preferably free of ilt1Perfections such as burrs, 
nicks and scratches. The use of collectors that a.re not 
symmetrical is agc;:eptable prcvi4ed the collector has one end. 
'I'he middle portion.of the collectcr may tie Jllad.e in 

3S curvilinear fashion and/or modified by alterinq the surface 
finish. Preferably, the collectors are •ade from wire that 
is cut to the requ).red length. Each and may be slightly 
chamfered in.order to re~ove sma.ll burrs and provide a lead-
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in to.. the seal. The mate::rials from Which the collectcr may 

be made include: brass, sine, zinc alloys, nickel plated 
steel, tin plated steel and other electrically conductive 
Daterials that are stable in the cell's caustic environment. 

s The preferred material ;s brass. 
In the collector assembly process, contpression means 13 

is forced onto the outer surface 43 of the second upstandinq 
wall 41 which is located en top surface 36 ot seal body 12. 
Tha top surface 36 of seal body 12 is defined to be that 

io •urface which will face away trom the interior of the cell 
when the collector assembly is assembled into a cell. The 
bottom sur~ace 38 of seal :body 12 will face toward the cell's 
interior. l4hen the seal and eo:m.pression means are mated, the 
compression means forces second upstanding wall 41 inwardly 

1s so that the inside diameter of opening 20 in seal body 12 is 

less than the diameter of collector 14 which wi11 pass 
through openinq 20. After the second upstand.inq wall 41 has 

20 

. be.en compressed, one end lB of collector 14 is forced tbzoouqh • 
·tha seal body's central openinq 20 by inserting the collector 
into opening 20 from the seal 1'ody's bottom surface 38 and 
pushing end 18 of colleotor 14 through seal ~oay 12 tor a 
distance sufficient to e>tpese a minor portion of the 
collector to the area·a~ove th.e seal thereby establishing 
electrical continuity between the area above the top surface 

2s. 36 of seal body 12 and the area below the bottom surface 38 

of seal body 12. Preferably, the collector is inserted less 
tban one-quarter of its length throuqh the seal body. 

Insertion of collector 14 throuqh seal openinq 20 
increases the radial compressive stress and.tan9ential 

30 CClllpressive stress on the seal ~ody•s second upstanding wall 
41. Radial compressive stress is defined as the force per 
unit area that is exerted around upstandinq wall 41 when the 
collector is inserted throuqh the hub. This ~orce is 
perpendicular to the upstanding wall. Tangential oompres5ive 

3S stress is defined as the force per unit area thilt is exerted 
concentric with the exterior surface o~ the second upstanding 
wall 41 by the insertion of the collector throuqh the hub. 

~- . 

In addition to impartinq su_fticient ·radial compressive stress 
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an~angential compressive stress to the hub, the collector 

and compression means must not exert a sUff icient amount of 

tangential tension on the hub to cause the hlll:) to split. 

Preferably, no tangential tension will be exerted on the hub 

s after the collector assembly has ~een manufactured. 

Tangential tension is detined as the •pullinq apart•• force 

experienced by a unit are.a of the hW,, when the interference 

fit betwee~ the collector and h'Ub results in the final 

diameter of the openinq exeeedinq the normal diameter ot the 

10 opening. In order to avoid i~parting tangential ta:nsi~n to 

the hub, the diameter of collector 14 and the inside diallleter 

of opening 20 defined by upstanding wall 41 must be selected 

such that~ (l) very little or, preferably, no interference 

fit is created between the collector and the upstanding wall 

15 if the collector is inserted through the seal's opening prior 

to compressinq the upstanding wall with the .compression means 

and (2) a substantial interference fit must be created. 

between the collector· and the upstanding wall when the 

collector is inserted. throuqh the seal's openinq after the 

20 

25 

upstanding wall has been compressed by the compression means. 

In other words, an interference fit that maintains or reduces 

the inside diameter of the opaninq in a compressed hub 

relative to the original or "nonlal" inside diameter of the 

seal's opening will not exert tangential tension on the hub. 

Preventing the creation of tangential tension effectively 

prevents splitting o~ the hub while compression of the hub 

between the compression 1118ans and collector creates a li~id 

tight seal between tbe collector and hUb. 

In order to quantity the amount of radial co~pressive 

30 stresa, tang-ential compressive stress and/or tangent~al 

tension exert:ad on the seal, the dimensions of the seal prior 

to CODpression by the compression means and/or insertion ot 

the collector are compared to the dimensions of the seal 

after the upstandinq wall has been compressed and the 

35 collector in&arted. The extent of stress and/or tension can 

be calculat•d by procedures well known in the tield ot 

mechanical enginee;_inq. 
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...:_A sealant 54 may be applied to the collector's 
cireumf erential surface near the leading end 18 of 9ollector 
14 prior to forcing that portion of the collector throuqh the 

seal. Alternatively, the sealant may be applied to the inner 
5 surface of the seal body's opening. The action ·of insertinq 

colleeto~ 14 into the seal's opening 20 ~esults in the 
smearing of a thin film of sealant along t.he interface 
between the collector and seal body. If a sliqht excess of 
sealant is used, a circular bead of the sealant will be 

10 formed at the :junction of current collector 14 and the inside 
surface 38 of seal ~ody 12. suitable materials include 
asphalt, polyamides and polyacrylics. 

Figura 2 shows a subassembly, qenerally designated 21, 
intc which the current collector assembly shown in fiqure 1 

15 is inserted in order to manufacture the partially assembled 
battery shown in fiqure 3' Referring to figure 3, the 
subassembly contains a first eleotroChera.ically active 
~atarial 30, such as·manqanese dioxide, and a second 
electroehe•ically active material 28, •uch ae zinc. In 

20 addition, separator 32 is located between the 
electrochemically active JllElterial•. Electrolyte, such as 
potassium hydroxide, contacts both electrochemically active 
:materials. These cotnponents are arranqed to g911erate·an 
electrical cu~rant when an electrically conductive path is 

2! established between the tirst electrochem.ically active 
material and the second electrochemically active •aterial. A 
tacky substance 56, such as asphalt, nay be applied to the 
inner top surface o~ eon~ainer 2E to serve as a barrier 
against creepaqe of the cell's electrolyte along the 

JO container• s surtaca. 
Shown in f iqure 3 is a partially assembled call 

includinq a current collector aesel\U)ly 10 inserted into the 
open end 24 of ·the sUba.ssembly's container 26. 'l'he current 
collector assemblyis seal body 12 closes the open end of 

35 container 26. The portion of collector 14 Which extends from 
the bottom surface 38 of seal body l2 is inserted into the 
powdered zinc mixture 28 located within the subassembly ... 
thereby establishinq electrical continuity ~etween the zinc 
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and-the portion of the collector which is exposed to the area 
above the seal 'body's top surface 36. A first external cover 
16 may be welded to the exposed end of the current co1lector 
thereby forming the cell's neqative terminal. 

s As shown in figure 4, the rim 44 of container 26 is 
crimped inwardly toward the seal body to form a hermetic 
seal. The resultinq electrochemical eell, qenerally 
desiqnated 22, is capa~le of qeneratinq an electric current 
when an electrically conductive path. is established between 

10 the container and the portion ot the collector exposed to the 
area al:love the seal :body's top surface. 'rhe battery may be 
finished by welding a second external cov~r 46 to the Closed 
end 45 of container 26 th•reby forming the battery•s positi'Ye 

terminal. A label 50 may-be. secured to .the. cell's 
lS circumferential surface. 

20 

Xt is thought that the current collector assem))ly and 
electrochemical cell containinq the same will be understood 
from the toreqoinq description. Farther. various changes in 
the form, construction and selection of materials may.be mad~· 
without aepartinq from the spirit and scope ot the invention 
as the form and materials described herein are merely 
preferred embodiments. 
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·:i: Claim; 

i. A current.collector assemblt for sealinq 
elect~oche:mically active components within a cup-shaped 
container and for collecting current from the eo~ponents, 

s said assembly comprisinqz 
a) a resilient and electrically nonconductive seal ~ody 

havinq an upstandinq wall defining an opaninq 
therethrouqh; 

b) a collector inserted throuqh the opening and into one 
·10 of the electrochemically active components, wherein 

said collector provides electrical continuity between 
the electrochemically active component and the 
exterior of the container; and 

c) a compression ~eans contacting the upstandin9 wall, 
is wherein· said collector and said compression means · 

cooperate to exert radial coapressive stress and 
tanqenti&l compressive stress on the u~standing wall 
a~er insertion of said'collector throuqh the opening 
compressed by said compression means while the 

20 tangential tension en the upstanding wall remains 
equivalent to the tangential tension on the wall 
prior to the insertion of said collector. 

2. A current collector ass~ly, as recited in ·claim 1, 
wherein the diameter of said collector is no greater than 

25 the inside diameter of th• opening in said seal body 

prior to compression by.said compression neans and 
wherein the normal outside diameter ot said seal body's 
upstanding wall exceeds the inside diameter of said 
compression means. 

30· 3. A aurrent collector assembly, as recited in claim 1, 
wherein the inside diameter of said seal body's opening 
is no greater than the inside diameter cf said seal 
body's opening prior to compression ot the upstanding 
wall by said compression means and insertion of said 

35 collector. 
4. A current collector assembly, as recited in claim 1, 

wherein said ~~al body comprises a bottom surface, a top 

I I 1111111·11111111111.11111111111 
* ' L. M $ • 
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~urtace and said upstanding wall protrudes from. the top 
surface. 

5. A current collector assembly, as recited in claim 4, 
wherein the upstanding wall co~prises an inner surtaoe, 

s an outer surface and said compression means contacts the 
outer surface of the upstandinq wall. 

6. A current ccllector asse:mbly, as recited in claim 1, 
wherein said seal body is disk shaped and said openinq is 
circular. 

io 7·. A current collector assembly, as recited in claim 6 1 

wherein said body is made from material selected frOlll the 
group comprising: nylon, polypropylene and filled 
polypropylene. 

15 

20 

25 

8 .. 

9. 

10. 

11. 

l.2. 

13. 

A current collector assembly, as recited in claiD l, 
wherein a portion of said comp~ession means extends 
beyond the end of the upstandinq wall. 
A current collector assembly, as recited in claim l, 
wherein said compression means is an eyelet • 
A current collector assembly, as recited in clailll 1, 
wherein said .compression means is tubularly shaped. 
A current collector assembly, as recited in claim 1, 
wherein said col~ector is symmetrically shaped. 
A current collector assem))ly, as recited in claim 11, 
wherein said collector has twa identical ends, 

A current collector assembly, as recited in claim 12, 
wherein a minor portion of said collector is exposed to. 
the _area above the seal. 

14. An electrochemical cell comprising a container in which 

electrochemically active colnponents are housed and sealed 
JO therein by a current collector assembly, said asse.ml:)ly 

comprisinq: 
a) a resilient and electrically nonconductive seal ~ody 

havin9 an upstanding wall protrud.in9 from a surf ace 
and def ininq an opening through said seal body; 

3S b) an electrically conductive collector extendinq 
· throuqh the openinq in said seal body thereby 
providinq~electrioal continuity betwe~n the interior· 
of the cell and the eXteri~r ot the cell; and 

11111111 11111111111 1111111 1111 
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::_1:1') a compression means contactinq the upstandin.CJ wall_, 
wherein said CQmpression means and said collector 
cooperatively exert radial compressive stress and 
tangential ac~pressive stress en the upstanding wall 
while tha tanqential tension on the upstandinq wall 
remains no greater than the tangential tension on the 
wall prior to the insertion of said collector. 

15. An electrochemical cell, as recited in claim 14, wherein 
the diameter of said collector is no greater than the 

io inside diameter of the openinq in said seal body prior to 
c01npression by said compression means and wherein the 
normal outside dianeter of said seal J:iody's upstandinq 
wall exceeds the inside·diameter ot said compression 
means. 

15 l6. An eleet~ochemical cell, as recited in claim 14, where~n 

the inside diallleter of saia seal body's openinq is no 
qreater than the inside diameter of said seal body's 
openinq prior to COlllpression of the upstandinq wall by 

said compression means and insertion of said collector. 
20 17. An electrochemical cel1, as recited in claim 14 1 wherein 

said seal body conprises a bottom surface, a top surface 
and said upstandin9 wall protrudes from the top surface. 

18. An electrochemical cell, as recited in claim 14, wherein 
the upstandinq wall comprises an inner surf aoe, an outer 

25 surface and said compression ~eans contac::ts the outer 
surface of the upstandinq wall. 

19. A current collector assembly for sealing 
electrochemically active ·components within a cup-shaped 
container and for colleotinq current from the components, 

Jc said aesembly comprisin91 

a) a resilient and electrically nonconauctive seal body 

having an upstandinq wall detininq an openinq 
therethrouqh; 

b) a collector inserted throuqh the opening and into one 
35 or the electrochelU1eally ec:tive components of the 

battery, wherein said collector provides electrical 
continuit~.batween .the electrochemically active 
component and the exterior of the container: and 
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--e) a compression element contactinq the upstanding wall, 
~herein said collector and said compression element 
cooperate to exert radial compressive stress and 

·tanqential compressive stress on the upstandinq wall 
after insertion cf said collector through the openinq 
compressed by said compression means while the 
tanqential tension on the upstandinq wall remains 
equivalent to the tanqential tension on the wall 
prior to the insertion of said collector • 
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