2 2 AUG 2005 DESCRI PTI ON PRESSURE- SENSI Tl VE ADHESI VE TAPE FOR FI XI NG W NDI NG
OF CAPACI TOR ELEMENT 5 Technical Field The present invention rel afesAio2085
pressure-sensitive adhesive tape for fixing the wi nding of a capacitor

el ement which is adapted to be wound on the periphery of a capacitor 10

el ement. More particularly, the invention relates to a pressure-sensitive
adhesi ve tape for fixing the winding of a capacitor elenent which is
adapted to prevent the | oosening of the end of wi nding of a
surface-oxidized alumnumfoil and an electrolytic paper or separator in a
wet or dry alumi num 15 el ectrol YEFEREBPAENt or. Background of the Invention
A wet or dry coiled alum numelectrolytic capacitor conprises a capacitor
el enent inserted in an alumnumcan (netallic case) with an el ectrolyte,
wherein the capacitor 20 el enent is obtained by wi nding an al um num f oi
(electrode foil) wRREBSDHAag-beens I@TviEe A DME IR TARE ofOR he surface thereof
with an electrolytic paper made of Manila henp or the |ike or separator

| am nat ed t hereon. Tiexut ey OSiNG ayer cabatheokanigaEgTMy be the el ectrode
foil or the electrolytic paper or separator. 25 As a nethod for preventing

t he Isooseni ng of the end of

Technical Field
The present invention relates to a pressure-sensitive
adhesive tape for fixing the winding of a capacitor element
which is adapted to be wound on the periphery of a capacitor
10 element. More particularly, the invention relates to a
pressure-sensitive adhesive tape for fixing the winding of a
capacitor element which is adapted to prevent the loosening
of the end of winding of a surface-oxidized aluminum foil and
an electrolytic paper or separator in a wet or dry aluminum
15 electrolytic capacitor.
Background of the Invention
‘ A wet or dry coiled aluminum electrolytic capacitor
comprises a capacitor element inserted in an aluminum can
(metallic case) with an electrolyte, wherein the capacitor
20 element isobtainedbywinding analuminum foil (electrode foil)
which has been etched or oxidized on the surface thereof with
anelectrolyticpapermadeofManilahempor thelikeor separator
laminated thereon. The outermost layer of the laminate may
be the electrode foil or the electrolytic paper or separator.
25 As a method for preventing the loosening of the end of
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1 2 2 AUG 2005 wi ndi ng of such a capacitor elenent there has been heretofore
used a nethod which conprises applying an adhesive directly to the
outernost |ayer electrolytic paper or separator to bond and fix thg2wlbdiithg
of the capacitor element or a nethod which 5 conprises sticking a pressure-
sens it ive adhesive tape having a width substantially equal to the height
of the capacitor elenent over the periphery of the capacitor el enent or
nore such that the crosswi se range of the pressure-sensitive adhesive tape
coi nci des the height of the cal pacitor elenment. As such 10 a

pr essur e~ sedisig iofe sadhesi vapaapecf el et thd ee wiandbagnoteratedpaei t or

el ement there is mainly used a pressure-sensitive adhesive tape conprising
as a suppszd i aagndiassd netiech atorpr s axi &b yy st g edc hedhpol yet iyreaely
terepht hal ate (PET), polypropylene (PP), polyphenyl ene sulfide (PPS) or the
i ke 15 ©5 t@pressdrRosensa ¢y e laditesiIve iicpape@nPr i s HtSo B tUPPAKL | Ng

base material an unstretched polyimde (Pl) or polyetherimde (PEI). On the

ot her haggly Ak eheckighyhyoapacthphchsoregubnedttor Rayetheat wheshst ance.
For exanple, a wet alum num 20 electrolytic capacitor guaranteed for

hi gh=t enpepat U &5 %ﬁd]@lﬁ&%u%)rr%gsthWsteiPl%tl%'l@eléghQs lmetgggeﬂgv%aand is

for nore surface packaging (nounting) chip parts to withs

tenperatyre; ofy N9t LOYRE; 12D 250.C davekaped @ S Aernd eLAg¥E i tor

element over the periphery of the capacitor element or more

suchthat thecrosswiserangeof thepressure-sensitive adhesive

tape coincides the height of the capacitor element. As such

10 a pressure-sensitive adhesive tape for fixing the winding of

a capacitor element there is mainly used a pressure-sensitive

adhesive tape comprising as a supporting base material a

biaxially stretched polyethylene terephthalate (PET),

polypropylene (PP), polyphenylene sulfide (PPS) or the like

15 orapressure-sensitive adhesive tapecomprisingasasupporting

base material an unstretched polyimide (PI) or polyetherimide
(PEI) .

On the other hand, an electrolytic capacitor is required

to have heat resistance. For example, a wet aluminum

20 electrolytic capacitor guaranteed for high-temperature use is

required to withstand 150°C. The recent demand is for more

surface packaging (mounting) chip parts to withstand a

temperature of not lower than 250°C developed at solder reflow

which has recently more often be effected at a raised solder

25 melting temperature due to deleading. Thus, the
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whi ch has recently nore often be effected at a raised solder 25 nelting
tenperature due to del eading. Thus, the 2 2 2 AUG 2005 pressure-segzit&qgﬁm5
adhesive tape for use in the fixing of winding of a capacitor ele

required to withstand the load tenperature applied to the capacitor

element. Further, a dry alumnumelectrolytic capacitor is subjected to
heat treatnment S at a tenperature of not |ower than 250C at a step of

carboni zing the electrolytic paper or separator during the preparation

t hereof. Accordingly, a dry alunlnun1electrolyt|c capaci tor too, is
reqU|reéW?ﬁ%W?%s%%ﬁﬁlﬁﬂﬁﬁQQ§ﬁi%%ﬁE?%e PEWSFetD thR %ﬁ%%%%ﬁ@l§@%&%|ve
adhesive tape of the 10 related art for fixing the w nding of a capacitor

el ement oEoppragary tohi akemeny dir stetietr gt asei ¢/ifihshand atBabdregte s

di sadvant ageous in that when exposed to a tenperature of not |ower than the
gl ass traemperanupeiadp iy tof theecapschtocombementi ngFuhighegt ast deyfilm the
filmshrinks inthe stretching 15 direction to cause the outernost | ayer

el ect r odel dmi humfe leee rodaptaici tapaelieoent s sabje abgqubsecthemtdt eememiento cont act
with the netallic case such as alum num can, causing the shortcircuiting

in the C@@%C&érﬂse@é@@?@tof Egttlwer shBge 407 4PSt EeLohad apabyethai m de
filmor polyimde I mis anorphous and thus 20 suddenly loses its

el asticitye a@ﬁeé@ié@?@_lét apkemeer aldy8 Hlor MheigtPRB pESpatassohransition
point, it becones difficu
thereof. Accordingly, a dry aluminumelectrolytic capacitor,
too, 1is required to withstand high temperature.
However, the pressure-sensitive adhesive tape of the
10 related art for fixing the winding of a capacitor element
comprising a biaxially stretched plastic film as a substrate
is disadvantageous in that when exposed to a temperature of
not lower than the glass transition point (Tg) of the resin
constitutingtheplasticfilm, the filmshrinksinthestretching
15 direction to cause the outermost layer electrode foil of the
capacitor element to be exposed and come into contact with the
metallic case such as aluminum can, causing the shortcircuiting
in the capacitor element. Further, since the unstretched
polyetherimide film or polyimide film is amorphous and thus
20 suddenly loses its elasticity and softens at a temperature of
higher than its glass transition point, it becomes difficult
to prevent the expansion and loosening of the capacitor element
when heated. Moreover, the unstretched polyimide film is
expensive and thus is limited in its use.
25 Therefore, an object of the invention is to provide a

3



to prevent the expansion and | oosening of the capacitor elenent when

heat ed. Moreover, the unstretched polyimde filmis expensive and tfé@ i®
limted in its use. 25 Therefore, an object of the invention is tC)%) Ea ba
3 2 2 AUG 2005 pressure-sensitive adhesive tape for fixing the winding of a

capacitor el enment which assures that not only the | oosening

of the

capacitor elenent but also the shortcircuiting of the capacitor elenent can
be prevented even at a tenperature of 5 not |ower than the glass transition
point of the resin constit%%&gg%the base. material film _Anather object of

the i nvéHtS IS 19 Priovi v

EIAARE SEs iV A dhiEs e tae OFof fi xi ng

the winding of a capacitor elenment which can prevent the shortcircuiting of

an 10 alGARAfIAA haRARR i Hpatiivre el endhtNgua?dhy eedef sposening

hi gh-tenperature use when used to fix the w nding thereof.

A further object

of the ixlvdhie oapasitorpedengatabpressapetbensherveiaghésiing pdpeheor fixing
the wi nding of a capacitor elenent which can prevent the shortcircuiting of
the 15 cgpacittoor adlamert @in dsguerenedd cawlem i g & heespefahoepaockagi ng  of
the capacitor elenent. Disclosure of the Invention The inventors nade

ext essi vytst udives afhaspl uheonylas$ hesensirmlirenpoiAs aofeshlet , résiwas found
that the predeterm nation

10

15

20

25

constituting the base material film.

Another object of the invention is to provide a
pressure-sensitive adhesive tape for fixing the winding of a
capacitor element which can prevent the shortcircuiting of an
aluminum electrolytic capacitor element guaranteed for
high-temperature use when used to fix the winding thereof.

A further object of the invention is to provide a
pressure-sensitive adhesive tape for fixing the winding of a
capacitor element which can prevent the shortcircuiting of the
capacitorelement at asolderreflowduring the surfacepackaging
of the capacitor element. |
Disclosure of the Invention

The inventors made extensive studies of solution to these
problems. As a result, it was found that the predetermination
of the crosswise thermal shrinkage factor (i.e., thermal
shrinkage factor in a width direction) of a pressure-sensitive
adhesive tapecomprisingastretchedplasticfilmasasupporting
base material to not greater than a specific value makes it
possible to prevent the shortcircuiting of a capacitor element
while making it sure to prevent the loosening of the winding
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20 of the crossw se thermal shrinkage factor (i.e., thermal shrinkage factor
in awdth direction) of a pressure-sensitive adhesive tape conprifkgﬁﬁ
stretchedplastic filmas a supporting base nmaterial to not greater 2005
specific value makes it possible to prevent the shortcircuiting of a
capacitor elenment 25 while making it sure to prevent the | oosening of the
winding 4 2 2 AUG 2005 of the capacitor elenent. The invention has thus been
wor ked out. The invention provides a pressure-sensitive adhesive tape for
fixing the winding of a capacitor elenent conprising 5 an adhesive | ayer
provi de®oRN§tCIRASH LORE RN of &1t FaVERdd CTphast gﬁuﬁi Poenter ked
pressure-sensitive adhesive tape having a crossw se thermal shrinkage
factor outhot greater than 5% at the |oad tenperature of the capacitor

el enent (for exanple, at a tenperature of up to 150C, preferably up to.
250C, 10 part iTtuwel amvwergriefrermtdyidgpst @ 806€5urAs sench ta vt raatiohetve pl asti ¢
filmthere may be used, e.g., a uniaxially stretched polypropylene film
Best MvdegeofoCaf tyimg tB wikelilmy et & aadsciher dretehedqimstsndgil mto be
used as a supporting 15 base material for pressure-sensitive adhesive tape

there may, aBRcY$0d Papdr ircieididd ast he fedst JReprasenbat & wer exeamdes of
such a stretched plastic filminclude polyester film such as
plastic film, the pressure-sensitive adhesive tape having a
crosswise thermal shrinkage factor of not greater than 5% at
the load temperature of the capacitor element (for example,

at a temperature of up to 150°C, preferably up to. 250°C,

10 particularly preferably up to 300°C). As such a stretched

plastic film there may be used, e.g., a uniaxially stretched

polypropylene film.

Best Mode for Carrying Out the Invention

As the stretched plastic film to be used as a supporting

15 base material for pressure-sensitive adhesive tape there may

be used a stretched plastic film. Representative examples of

such a stretched plastic film include polyester film such as

polyethylene terephthalate (PET) film, polyolefin film such

as polypropylene (PP) film, and polyphenylene sulfide (PPS)
20  film.

The stretched plastic film exhibits a thermal shrinkage
behavior corresponding to the draw ratio in the stretching
directionat a temperatureof not lower than theglass transition
point (Tg) thereof. On the other hand, sucha stretchedplastic

25 film is crystalline. Therefore, when the ambient temperature
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pol yet hyl ene terephthalate (PET) film polyolefin filmsuch as

pol ypropyl ene (PP) film and pol yphenylene sulfide (PPS) 20 film The
stretched plastic filmexhibits a thermal shrinkage behavior cork28gbrhng
to the drawratio in the stretching direction at a tenperature of not | ower
than the glass transition point (Tg) thereof. On the other hand, such a
stretched plastic 25 filmis crystalline. Therefore, when the anbi ent
tenperature 5 2 2 AUG 2005 is not |ower than the glass transition point of
the plastic filmbut is |ower_than the nelting point of the plastic film
the unstPefehedoprasthent Fim gtays éFassiiéirs ﬁ&&@tc§ﬁéthtH}a%ﬁl¢|X|ng t he
wi nding of a capacitor elenent. A polyethylene 5 terephthalate (PET) film
exhi bi t §iangbassis rlavgin ithanpshet nef tipgrahdt o fethé Myl g e ©flee4C. A

pol ypropylene (PP) film exhibits a glass transition point of - 18C and a
mel t i ngtpei whstoétdodC.plApolyphidnyséngssalasdec(RPIafe lcapathilbitts a gl ass
transition point of 90C and a nelting point of 285C. Wen 10 exposed to a

t enper abdr eivinqdaihd oM itkao fi & cgpasbtd r aridridon. @oipatlyedhytleneontrary,
a stretched fil mdoesn't shrink but suddenly loses its elasticity and thus

cannot sudkbpeikaatbyef (¥eT) hei wh RINIGiAfs a §8R36I ¢ Pin el €MBAtpo 1 it tdiE
i nvention, the crosswi se thermal shrinkage factor 15 of the

Pressur gysensid iV aeadney ¥81hars sl Se8at . 9 ¥A I 1ene (PP) film
exhibits a glass transition point of - 18°C and a melting point
of 165°C. A polyphenylene sulfide (PPS) film exhibits a glass
transition point of 90°C and a melting point of 285°C. When

10 exposed to a temperature of not lower than its glass transition
point, on the contrary, a stretched film doesn’t shrink but
suddenly loses its elasticity and thus cannot sufficiently fix
the winding of a capacitor element.

In the invention, the crosswise thermal shrinkage factor

15 of the pressure-sensitive adhesive tape is not greater than
5%, preferably not greater than 3%, more preferably not greater
than 1.5% at a 1load temperature applied to the capacitor element
(e.g., 260° (peak temperature) for 1 to 2 min in the case of
a surface packaging (mounting) electronic part, or 300°C for

20 1 hour or 150 to 200°C for 1 to 2 hours in the case of a solid

electrolytic capacitor). This pressure-sensitive adhesive
tape can be obtained by adjusting the draw ratio of the plastic
film to be used as a base for pressure-sensitive adhesive tape
in the direction corresponding to the crosswise direction of
25 the tape(normally, in the direction along the width of film;
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5% preferably not greater than 3% nore preferably not greater than 1.5%
at a load tenperature applied to the capacitor element (e.g., 260 Abeads
tenperature) for 1 to 2 minin the case of a surface packagi ng (nounting)
el ectronic part, or 300C for 20 1 hour or 150 to 200C for 1 to 2 hours in
the case of a solid electrolytic capacitor). This pressure-sensitive
adhesi ve tape can be obtained by adjusting the draw ratio of the plastic
filmto be used as a base for pressure-sensitive adhesive tape in the
direction corresponding to the crosswi se direction of 25 the tape(normally,
in the diTPedireatapohg the spdehdetail}ng en2aziAUGY2605<TDhdidr €6tliton) . In
sone detail, a uniaxially stretched film obtained by stretching a plastic
filmonlygbtaihbde dirsttednhicgr eeppasding fidmt bellyongi thei dakreditriect i on of
the tape(normally, in the direction of filmflow, MD direction) S or a

bi axi al | ¥yostegpehadnti | mobt ahaed Iyh$itredching aipkastiosn fotm maenly in
the direction corresponding to the longitudinal direction of the tape and

in the dipgsthoPma?nyespANEhBIGE PecthBnChbEssWl ge rdbleciponietcthenape at a
smaller draw ratio can be used as a base material filmfor

pres%#feé§%PEEB&K%1%§-Q%PSEEM@dtfPPmEQ> Gﬁﬂﬂggya§t9%§9§%%ﬁa%?%ggQiEhe

foregoi ng- properties. By properly predetermning t the resin

Const) UL 19 I S5 0 SR 3R PRl S b E AR o
direction of the tape and in the direction corresponding to
the crosswise direction of the tape at a smaller draw ratio
can- be used as a base material film for pressure-sensitive

10 adhesive tape to prepare an adhesive having the foregoing
properties. By properly predetermining the kind of the resin
‘constituting the plastic film, the crosswise thermal shrinkage
factor of the pressure-sensitive adhesive tape can be adjusted.

Specific examples of the base material film employable

15 herein include uniaxially stretched polypropylene film,
biaxiallystretchedpolyester film (e.g., tradename “"LCP Film”,
produced by SUMITOMO CHEMICAL CO., LTD.], and biaxially
stretched polyphenylene sulfide [e.g., trade name “Torelina
30307, produced by TORAY INDUSTRIES, INC.]. The foregoing

20 Dbiaxially stretched polyester film (trade name “LCP Film”)
exhibits a crosswise thermal shrinkage factor of not greater
than 5% at a temperature of up to 300°C. The foregoingbiaxially
stretched polyphenylene sulfide film (trade name “Torelina
3030”) exhibits a crosswise thermal shrinkage factor of not

25 greater than 5% at a temperature of up to 150°C. As the base

9



Specific exanples of the base material filmenployable 15 herein include
uniaxially stretched pol ypropylene film biaxially stretched

pol yesterfilnfe.g., trade nanme"LCP Filni, produced by SUM TOMO criERAGA 2005
CO., LTD.], and biaxially stretched pol yphenylene sulfide [e.g., trade nane
"Torelina 3030", produced by TORAY INDUSTRIES, INC. ]. The foregoing 20

bi axially stretched pol yester film (trade name "LCP Filnl) exhibits a
crosswi se thermal shrinkage factor of not greater than 5% at a tenperature
of up to 300C. The foregoing biaxially stretched pol yphenylene sulfide film
(trade naaterTatefinm 030309 exrNiebLiona tdregssviserThtenablyhtisekage fact or
of not 25 greater than S% at a tenperature of up to 150C. As the base 7 2 2
AUG 2005unhiei aalyfsdmtofhdde liasvent £ obntsherreabsurpratf 2a hby y tusactheed
uniaxially stretched plastic filmsuch as uniaxially stretched

pol ypropybepsrépydehs Palii cul @artihenldd ckness of the base nmaterial film
may be properly 5 predetermined so far as the working efficiency in fixing

the winding ofhd taaRacid 95 S emNbacannet cPeal NPRl kefhy IHk RPrgldras;
however, the thickness of the base material filmis normally romabout 5 m

to 100 Mh-DaeleLAPhYALOMAPU thdndd othd & dehadhesiaie GRASLI ut | ng
yer 1n the pressure-sensitive adhesive tape for fixing the
winding of & n§ARACLLRL ¢ LETRM 0 n £ RELHAYEI QBT RELE MRY 08 Ysed 2
however, the thickness of the base material film is normally
from about 5 pm to 100 um, preferably from about 9 um to 50
pm .

10 As the adhesive constituting the adhesive layer in the
pressure-sensitive adhesive tape for fixing the winding of a
capacitor element of the invention there may be used a
conventional pressure-sensitive adhesive such as acrylic
adhesive, rubber-based adhesive and silicone-based adhesive

15 or the like.

As the acrylic adhesive there may be used one commonly
used in pressure-sensitive adhesive tape. Preferred examples
of the acrylic adhesive employable herein include a copolymer
obtained by the copolymerization of (1) from 50% to 100% by

20 weight of a main monomer ((meth)acrylic acid alkyl ester the
alkyl moiety of which has from 4 to 18 carbon atoms), (2) from
0% to 50% by weight of a comonomer (e.g., (meth)acrylic acid
compound, vinyl acetate and styrene having 5 or less carbon

atoms) and (3) from 0% to 50% by weight of a functional

25 group-containing monomer.



conventional pressure-sensitive adhesive such as acrylic adhesive,
rubber - based adhesi ve and silicone-based adhesive 15 or the like. As the
acrylic adhesive there nay be used one comonly used in pressur@{pﬁm$%
adhesive tape. Preferred exanples of the acrylic adhesive enpl oyabl e ereln
i ncl ude a copol yner obtained by the copolynerization of (1) from50%to
100% by 20 weight of a main nmononmer ( (neth) acrylic acid al kyl ester the

al kyl moi ety of which has from4 to 18 carbon atons) , (2) from 0%to 50%
by weight of a conononer (e.g., (neth) acryllc acid conpound, vin acetate
and styrene h&dxNampleorof ddxe davmonanss) ( ]rsl)ndlf(@])uqlﬁE o?ﬁ@%l’bhgﬂ iby wei ght
of a functional 25 group-containing nononer. 8 2 ? AUG 2005 Exanpl es of the
mai n noniaweh )(EDr v el audeuyeét (nd thehad r (et ) 1acbyltatle(mblit hdcx ke b,
acrylate, isobutyl (meth) acrylate, hexyl (neth)acrylate, octyl

(et h) adredydt e, (meabgchylryl@tei,h) actylat e(nelekybctpdtbhpacrylsdectysodecyl
(nmeth) acrylate, 5 lauryl (meth)acrylate, and stearyl (neth)acrylate.

Exanpl es(medh )t it dh) dae | inte taoi £b eprposind sbavichd fudth ) &ssy catbdpn at ons
as cononomer (2) include (nmeth)acrylic acid, nethyl (neth)acrylate,

acr gﬁgplltamﬂﬁ 5ﬁ%§g¢§%‘%ﬁmgﬁﬁg§?§§§ﬁ9f raéw@nfyaﬁwgﬂél O Q44Rp LOB ai ni ng
g hydroxyl group, nononer having

car bOXyIof the (meth)acrylic acid compound having 5 or less carbon atoms

as comonomer (2) include (meth)acrylic acid, methyl
(meth)acrylate, acrylonitrile, and acrylamide.

Examples of the functional group-containing monomer (3)

10 include monomer having hydroxyl group, monomer having carboxyl

group, monomer having amide group, and monomer having amino

group. Preferredexamples of themonomer havinghydroxyl group

include hydroxyalkyl (meth)acrylate such as 2-hydroxyethyl

{meth)acrylate and 2-hydroxypropyl {(meth)acrylate.

15 Preferred examples of the monomer having carboxyl group include

monoalkylester maleate such as butyl maleate, maleic acid,

maleic anhydride, and crotonic acid. Preferred examples of

the monomer having amide group include alkyl {(meth)acrylamide

such as dimethyl acrylamide and diethyl acrylamide, alkylether

20 methylol (meth)acrylamide such as butoxymethyl acrylamide and

ethoxymethyl acrylamide, and diacetone acrylamide. Preferred

examples of the monomer having amino group include

dimethylaminoethyl acrylate.
As the functional group-containing monomer there may be
25 used a polyfunctional monomer such as 1,6-hexaneglycol
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group, nonomer having am de group, and nononer having am no group.
Preferred exanpl es of the nononer having hydroxyl group include
hydroxyal kyl (meth)acrylate such as 2-hydroxyethyl (nmeth)acryl ate apgs 2005
2- hydroxypropyl (neth)acrylate. 15 Preferred exanpl es of the nononmer having
car boxyl group include nonoal kyl ester mal eate such as butyl nmaleate, nmaleic
acid, nmaleic anhydride, and crotonic acid. Preferred exanples of the
nononer havi ng am de group include al kyl (neth) acrylam de such as dinethyl
acrylam de and diethyl acrylam de, al kylether 20 nethylol (nmeth) acrylam de
such as biieFOARTNA Cacr vl afede 2810 Y I&foxy nefhyFOacr vl afi 86X YaRESdi acet one
acrylam de. Preferred exanples of the nononer having am no group include

di net hyltarinddtha loragang e. As ttheldemetaohal gr ouplEohR at BERGSABNOMEr
there may be 25 used a pol yfunctional nononer such as 1, 6-hexaneglycol 9 2
2 AUG 20057 idiyietdiacng at eliamtlr aphtyladred ogl yddkrdilacmplate, diaryl
trimethyl ol propane triacrylate, divinyl benzene, divinyltoluene, diaryl

pht hal atjipditay,yl abhaye, dilacplaadipateridiayyl dlsyeotatiesatei abhy

i socyanurate and 5 diethylene glycol bisallyl carbonate. The acrylic

adhesi vej iMh CIAY i $By@ T asksdyi fy pakyBBAtematerial such as rosin, terpene
resin (e. g. , cc-pinene, (3-pinene) ,

The acrylic adhesive may comprise a tackifying polymer
material suchasrosin, terpeneresin (e.g., a-pinene, f-pinene),
terpene-phenol resin and petroleumresin, a crosslinking agent
(e.g., polyol, polyamine, isocyanate) and other additives

10 incorporated therein besides the foregoing copolymers (acrylic
polymers) .

Astherubber—basedadhesivethefemaybeusedanadhesive
obtained by mixing a natural rubber or synthetic rubber as a
main polymer with a tackifying polymer material, phenolic age

15 resistor, metal oxide or the like as necessary.

As the silicone-based adhesive there may be used, e.qg.,
an adhesive obtained by heat-curing a polysiloxane containing
an alkyl or phenyl group such as polydimethyl siloxane,
polymethylphenyl siloxane, polymethylphenyl siloxane and

20 polydiphenyl siloxane as silicone component with a peroxide
such as benzoyl peroxide or a hardening product obtained by
the addition reaction of a vinyl group—-containing polysiloxane
with a hydrosilane.

The thickness of the adhesive layer isnormally fromabout

25 2 pm to 100 um, preferably from about 5 pm to 50 um.
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t er pene- phenol resin and petroleumresin, a crosslinking agent (e.g.,

pol yol, pol yam ne, isocyanate) and other additives 10 incorporated therein
besi des the foregoing copolyners (acrylic polyners). As the r ubbdr? Bl &5
adhesi ve there maybe used an adhesive obtained by m xing a natural rubber
or synthetic rubber as a nmain polymer with a tackifying polynmer material,
phenolic age 15 resistor, netal oxide or the |ike as necessary. As the
silicone-based adhesive there may be used, e.g., an adhesive obtai ned by
heat - curi ng agfolysiloxane containing an aIk¥I or phenyl grouE such as

pol ydi met hyl <t 8REREES Py RBERASHTERA L P BX ARSI Tt Vit P phenYP si | oxane
and 20 pol ydi phenyl siloxane as silicone conponent with a peroxide such as
benzoyl F&rexite trra HRF dehf hed pklodluéin@biai ned BRPahkt @b de L #BANEeact i on
of a vinyl group-containing polysiloxane wth a hydrosilane. The thickness
of the auhddievénivenptionsthereawmidy ber bgedbautor P51 pwriceesd0 fpm theef erabl y
fromabout 5 pmto 50 pm 10 2 2 AUG 2005 Asa process for the preparation of
t he presstggasenstoni wf adhesdssutapsedioitivai rghielsd we ndapg.of @heapacitor
el ement of the invention there may be used an ordinary process for the
prepar atd o8 Hir & PERSSUL G SEMsb 1 ve Bdhesiaie Heapeeplfedd BrLgsSSURg-gensitive

adhesi ve tape may be prepared, e.g., by a
process which comprises applying an adhesive directly to a
stretched plastic film by means of a coating device such as
roll coater, reverse coater, gravure coater and bar coater,
and then drying the coated material or a process which comprises
10 applying an adhesive to a release liner, drying the liner, and
then transferring the adhesive layer to a stretched plastic
film.
The pressure-sensitive adhesive tape for fixing the
winding of a capacitor element of the invention is useful as
15 an end stop (fixing the winding) to be wound on the periphery
of an electrolytic capacitor element comprising an anode foil
and a cathode foil woundwith an electrolytic paper or separator
interposed therebetween.
The invention will be further described hereinafter in
20 thefollowingexamples, but the invention shouldnotbe construed
as being limited thereto.
EXAMPLE 1
As a supporting base material there was used a uniaxially
stretched polypropylene film (thickness: 30 um). To one side
25 oftheuniaxiallystretchedpolypropylenefihnwasthenépplied

11



process which conprises applying an adhesive directly to a stretched
plastic filmby neans of a coating device such as roll coater, reverse
coater, gravure coater and bar coater, and then drying the coatz@ Av8t)gyi al
or a process which conprises 10 applying an adhesive to a release liner,
drying the liner, and then transferring the adhesive |ayer to a stretched
plastic film The pressure-sensitive adhesive tape for fixing the w nding
of a capacitor elenment of the invention is useful as 15 an end stop (fixing
the winding) to be wound on the periphery of an electrolytic capacitor

el ement & GFpritdiong ok 2dRcdel ot Ssahlli g catdritel ol ARfiided O &Re

el ectrolytic paper or separator interposed therebetween. The invention wl|
be furt hmpdegest beat henepfabner liky 1l e arhelnfegii lovs Tigl @kanphesalbutl t he

i nvention should not be construed as being limted thereto. EXAMPLE 1 As a
support imgi daseofateiniah thees e fwam useda 0B axaabby stomt chedh a

pol ypropyl ene film (thickness: 30 pmj . To one side 25 of the uniaxially

st r et cheg: pal sy eheg f icbittwasd hesb @ppahé edzd81 22AHG2R05 tan sohdit kon
obt ai ned by dissolving a copol ynmer obtained by the copolynerization of an

al kykestefodBtd) ack YAt er t . @l Kybo1 ¢®1 etyo Dfambheh hasciraar4)t @nl8 carbon
atonms with a
a solvent. Subsequently, the coated material was heated to
atemperature of 90C for 3minutes so that the solvent was removed
and the copolymer was crosslinked to form an adhesive layer
(thickness: 25 um) made of an acrylic adhesive thereon. Thus,-
10 a pressure-sensitive adhesive tape was prepared.
EXAMPLE 2
A pressure-sensitive adhesive tape was prepared in the
same manner as in Example 1 except that as the supporting base
material there was used a biaxially stretched polyphenylene
15 sulfide film [trade name “Torelina 3030”, produced by TORAY
INDUSTRIES, INC.] (thickness: 25 um).
EXAMPLE 3
A pressure-sensitive adhesive tape was prepared in the
same manner as in Example 1 except that as the supporting base
20 material there was used a biaxially stretched polyester film
{trade name “LCP Film”, produced by SUMITOMO CHEMICAL CO., LTD.]
(thickness: 25 um). |
COMPARATIVE EXAMPLE 1
A pressure-sensitive adhesive tape was prepared in the
25 same manner as in Example 1 except that as the supporting base

12



vi nyl - cont ai ni ng conpound copol yneri zable therewith and a 5 crosslinking
agent (e.g., polyol, polyam ne, isocyanate) in a solvent. Subsequently, the
coated material was heated to a tenperature of 90C for 3 m nutes so that
the solvent was rempved and the copol ymer was crosslinked to 7 a@rAt6alilh

adhesive layer (thickness: 25 m nade of an acrylic adhesive thereon.

10 a pressure-sensitive adhesive tape was prepared. EXAMPLE 2 A
pressure-sensitive adhesive tape was prepared in the same manner as in
Exanpl e 1 except that as the supporting base naterial there was used a

bi axi al |ya%e¥ 2 khidte polWpheise

3030",

bi axi al lgosparaTher polyestep film[trade nane "LCP Fil nt,

Thus,

@re bipxiakldesirenriedapel vareryienel i na

produced by TORAY |INDUSTRIES, INC.] (thickness: 25 pm. EXAMPLE 3 A
pressur ef sENS| thvekaedesi 9e frape was prepared in the sane manner as in
Exanpl e 1 except that as the supporting base 20 material there was used a

produced by

SUM TOMO CHEM CAL CO. , LTD. J (thickness: 25 n). COVPARATI VE EXAMPLE 1 A
pressur e- sensig igte RANes] 3o 4 apey dasdHY Lpad et gd Wae prépaSE iFBpAer as in

Exanpl e 1 except that as the supporting base 12 2 2 AUG 2005 nateri al

was useds gy bianrald ¥sSih el.ehgsh Pal ¥REEBY! €At as the supporting base

10

15

20

material there was used an unstretched polyetherimide film
(trade name “Superio”, produced by MITSUBISHI PLASTIC
INDUSTRIES LTD.] (thickness: 25 um).
EXPERIMENT EXAMPLE 1

The pressure-sensitive adhesive tapes prepared in
Examples 1 and 2 and Comparative Example 1 were each cut with
a Qidth of 2.5mm (thedirectionperpendicular to the stretching
direction corresponds to the crosswise direction in Example
1 while one of the stretching directions corresponds to the
crosswise direction in Example 2 and Comparative Example 1).
These pressure-sensitive adhesive tapes were each then wound
on a steel rod having a diameter of 4 mmp imitating a capacitor
element at a load of 10 g by 1.5 turns. Thereafter, the steel
rod wound with the pressure-sensitive adhesive tape was heated
to a temperature of 150°C for 1 hour. The pressure-sensitive
adhesive tapes were each then measured for crosswise thermal

shrinkage factor. The results are set forth in Table 1 below.
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film(thickness: 30 n). COVWARATI VE EXAMPLE 2 A pressure-sensitive adhesive
tape was prepared in the 5 sanme manner as in Exanple 1 except that as the
supporting base material there was used an unstretched pol yet her i flés 0§ m
[trade nane "Superio”, produced by M TSUBI SH PLASTIC | NDUSTRIES LTD. ]
(thickness: 25 pn). EXPERI MENT EXAMPLE 1 10 The pressure-sensitive adhesive
tapes prepared in Exanples 1 and 2 and Conparative Exanple 1 were each cut
with a width of 2. 5 nmm (the direction perpendicular to the stretching
direction corresponds to the crosswi se direction in Exanple 1 while one of
the stretching directions correspod@®lto it he 15 crossw se direction in

Exanpl e[2 t-Conparative Exanpl gL fhese g S T Ihes) ve
t apes ww?égg %EUNﬁén wound onggggéégﬁnébd ha@%%é gngg%% e%ho n%%gﬁﬁi
imtatihg a capacitor el ement™&FS8 Fdad of 10 g By 2E®E uf h80 Ghir daf t er
the steel _rod wound with thel pressure-sensitive adfidsive tape was hefated 20
to a tenperablieelof 150C for [IUhoakiaThg pressure-4sensi®i%% adhesivel tapes
wer e each then neasured for cressetsketihermal shiinkage factor. The [esults
are set{forth in Table 1 bel owo13p23AYE20@5 Tablie 1 Exanpl e No. Supporting

baseThefBRELghEI BKage Biaxially stretched 0%
polyphenylene
sulfide
Comparative Example 1 |Biaxially stretched 8.3%
polypropylene

As can be seen in Table 1 above, the pressure-sensitive

adhesive tapes of Examples 1 and 2 exhibit a crosswise thermal

5 shrinkage factor as low as 0.9% and 0%, respectively, even at

a temperature as high as 150°C. Therefore, even when used to

fix the winding of an aluminum electrolytic capacitor element

guaranteed for high-temperature use, the pressure-sensitive

adhesive tape of the invention causes the aluminum foil

10 (electrode foil) to be little exposed, making it possible to

prevent the shortcircuitingof the aluminum foil to the aluminum

case (metallic case). On the contrary, the pressure-sensitive

adhesive tape of Comparative Example 1 exhibited a thermal

shrinkage factor as high as 8.3% even at a temperature as high

15 as 150°C. When such a pressure-sensitive adhesive tape is used

to fixthewindingofanaluminumelectrolytic capacitor element

guaranteed for high-temperature use, the aluminum foil 1is
exposed, possibly causing shortcircuiting.

EXPERIMENT EXAMPLE 2
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materi al factor (150C x 1 hr) Exanple 1Uniaxially0.9% stretched pol ypropyl ene
Exanpl e 2Bi axially stretched0% pol yphenyl ene sul fi de Conparative Exanpl e
1Bi axi al |y stretched8.30 pol ypropylene As can be seen in Table 17gbyE2005 he
pressure-sensitive adhesive tapes of Exanples 1 and 2 exhibit a crossw se
thermal 5 shrinkage factor as |ow as 0.9% and 0% respectively, even at a
tenperature as high as 150C. Therefore, even when used to fix the w nding
of an alum num el ectrol ytic capacitor elenent guaranteed for
hi gh-tenperature use, the pressure-sensitive adhesive tape of fhe invention
causes the al UPRhuRTGINCRD SR Tt Gtle 3899 i 5&PES t PESERFESed  Phaki ng i t
possible to revent the shortcircuiting of the alumnumfoilto the alum num
case (nefsdmwke cagey CompafabledMiFamyle theepresaghiQendian PeStagHesi ve
tape of Conparative Exanple 1 exhibited a thermal shrinkage factor as high
as 8. 3% ev@nimtthe semeematies as hhghxpsragens0Examhén ducheated to
pressure-sensitive adhesive tape is used to fix the winding of an al um num
el ect r ol ¥4 i BaCiapac itk etlagtirt o fgRA0 BN e 3D0PC hf @h-1t eiper,atuketuse, the
alumnumfoil is

5 measured for crosswise shrinkage factor. The results are set

forthinTable2. InExample 3, thepressure-sensitiveadhesive

tape was cut with one of the stretching directions as crosswise

direction.
Table 2
Example No. Supporting Thermal Thermal
base material shrinkage shrinkage
factor (270°C x| factor (300°C x
1 hr) 1 hr)
Example 3 Biaxially 0.5% 0.5%
stretched
polyester
Comparative Unstretched Melted, foamed |Melted, foamed
Example 3 polyetherimide

10
As canbe seen in Table 2, thepressure-sensitive adhesive
( tape of Example 3 exhibits a crosswise thermal shrinkage factor
as lowas 0.5% even at a temperature ashigh as 300°C. Therefore,
even when the pressure-sensitive adhesive tape of the invention
15 1isusedto fix the winding of an electrolytic capacitor element
to be surface-packaged, the aluminum foil (electrode foil) is
little exposed at a solder reflow, making it possible to prevent
the occurrence of shortcircuiting between the aluminum foil
and the aluminum case (metallic case). On the contrary, the

20 pressure-sensitive adhesive tape of Comparative Example 2

15



exposed, possibly causing shortcircuiting. EXPERI MENT EXAMPLE 2 14 2 2 AUG

2005 The pressure-sensitive adhesive tapes prepared in
Conpar ati ve Exanple 2 were each wound on a steel
in Experinment Exanple 1, heated to

Exanpl e 3 and
rod in the samd tAHnD as
an anbi ent tenperature of 270C and 300C

for 1 hour, and then 5 nmeasured for crossw se shrinkage factor. The results

are set
was cut

2 Exanple No. Su
(270' C x§ &ttt

forthinTabl e2. In Exanpl e3,the pressure-sensitive adhesive

with one of the stretching directions as crosswi se direction..
%)gorti n Th rral Ther na| bas mat eri al shrj nksa% eshri nkage factor

SR T AR DS ROR OB T 8 L 3BE 45T VI B0 RO ST EReh

pol yest er Conpar ati veUnst ret chedMel t ed, foanedMelted, foaned Exanpl e
3pol yet Heel ki e ad @W%é‘%éeﬁe‘iﬂﬁe?%}lée?ftWegl'b?resté'tﬁfré Hengilgisge
adhesive tape of Exanple 3 exhibits a crossw se thermal shrinkage factor

10

15

20

25

transition point of the resin constituting the base material
film (216°C). Thus, such a pressure-sensitive adhesive tape
cannot fix the winding of an electrolytic capacitor element
to be surface-packaged.
Industrial Applicability

The pressure-sensitive adhesive tape for fixing the
winding of a capacitor element of the invention cbmprises a
stretched plastic film as a base material film. The
pressure-sensitive adhesive tape of the invention exhibits a
crosswisethermalshrinkagefactorpredeterminedtonotgréater
than a specific value. In this arrangement, it is assured that
the loosening of the winding of a capacitor element can be
prevented even at a temperature of not lower than the glass
transition point of the resin constituting the base material
film. Further, the shortcircuiting of the capacitor element
can be prevented as well. Thus, the pressure-sensitive
adhesive tape of the invention is extremely useful for aluminum
electrolyticcapacitorelement guaranteed forhigh-temperature
use. Moreover, the pressure-sensitive adhesive tape of the
invention can prevent the shortcircuiting of the capacitor
element at a solder reflowduring the surface packaging thereof.

This application is based on Japanese patent application
JP 2001-046184, filed February 22, 2001, the entire content

16
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as low as 0. 5%even at a tenperature as high as 300C . Therefore, even
when the pressure-sensitive adhesive tape of the invention 15 is used to fix
the winding of an electrolytic capacitor elenment to be surface-pag¢k§eais
the alumnumfoil (electrode foil) is little exposed at a solder ref | ow,
making it possible to prevent the occurrence of shortcircuiting between the
alumnumfoil and the alum numcase (netallic case) On the contrary, the 20
pressure-sensitive adhesive tape of Conparative Exanple 2 15 2 2 AUG 2005
exhi bited a renmarkabl e drop of filn1elastici%y and t hus underwent nelting
and f oan? hg'hetCha itSe BSERRYUEB COFPRIGHET DiYar etfifd g1y s ther &7 i96n igoi nt  of
the resin constituting the base material film (216C). Thus, such a

pressur esgensttiveatadhesyVie. t ape 5 cannot fix the winding of an electrolytic
capacitor elenent to be surface-packaged. Industrial Applicability The
pressure-sensitive adhesive tape for fixing the wnding of a capacitor

el ement of the invention conprises a 10 stretched plastic filmas a base
material film The pressure-sensitive adhesive tape of the invention
exhibits a crosswi se thermal shrinkage f actor predetermined to not greater
than a specific value. In this arrangenent, it is assured that the

| ooseni ng of the w nding of a capacitor elenent can be 15 prevented even at
a tenperature of not |ower than the gl ass

17



transition point of the resin constituting the base material film Further,
the shortcircuiting of the capacitor elenent can be prevented as well.
Thus, the pressure-sensitive adhesive tape of the invention is extr%'mal y
useful for alum num 20 el ectrolytic capacitor el enent guarant eed! £ dwWb 2005

hi gh-tenperature use. Mreover, the pressure-sensitive adhesive tape of the
i nvention can prevent the shortcircuWiARMSof the capacitor elenment at a

sol der reflow during the surface packaging thereof. This application is
based on Japanese patent application 25 JP 2001-046184, filed February 22,
2001, the entire content 16 2 2 AUG 2005 of which is hereby incorporated by
reference, the sane as if set forth at length. 17 2 2 AUG 2005 CLAIMS 1 A
pressure-senditi vé apdéssiresensipee fasthekivei tapeafori fiingga ofindingapia tcapacitor

el ement, which conprises: a stretched plastic film and an adhesive | ayer

pr ovi dedieaterdf whieastongmésest de of the stretched plastic film wherein the
pressure-sensitive adhesive tape has a thermal shrinkage factor in a wdth
direction tharsehcidd slattigfigatseid t han 5% at 250' C. 2. The pressure-sensitive
adhesive tape for fixing a winding of a capacitor elenent according to

Caim 1, whepRidinkbReshy@isibateloasitisadtbhBside & HBiststdebpisdistshed
wherein the pressure-sensitive adhesive tape has a thermal shrinkage factor in a

width direction thereof of not greater than 5% at 250°C.,

2. The pressure-sensitive adhesive tape for fixing a winding of a capacitor
element according to Claim 1, wherein the stretched plastic film is a uniaxially stretched

polvpropylene film.

3. The pressure-sensitive adhesive tape for fixing a winding of a capacitor
element according to Claim 1, wherein the stretched plastic film is selected from
polyethylene te'rephthalate (PET) film, polypropylene (PP) film, and polyphenylene
sulfide (PPS) film.

4, The pressure-sensitive adhesive tape for fixing a winding of a capacitor
element according to Claim 1, wherein the pressure-sensitive adhesive tape has a

thermal shrinkage factor in a width direction thereof of not greater than 5% at 300°C.
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pol ypropylene film 3. The pressure-sensitive adhesive tape for fixing a

w nding of a capacitor elenent according to Claim1l, wherein th? s* %&bhed
plastic filmis selected from polyethylene terephthalate (PET) i %eo

pol ypropyl ene (PP) film and pol yphenylene sulfide (PPS) film i 4, The
pressure-sensitive adhesive tape for fixing a winding of a capacitor

el ement according to Claim1, wherein the pressure-sensitive adhesive tape
has a thermal shrinkage factor in a width direction thereof of not greater
than 5% at 3000C, TBepr2sAUG XOGBiIvE. aditesiver Epsufos-feengia iMrdingllvésd vepadijoe
for fixing a wnding of a capacitor elenment according to Claim1, wherein
the strefighedt Bbastirgy fo Cmims!, aviEraiatthe stretomednila@sticalhyis splaetic iedl uhzxall

| ongi tudi nal direction thereof. 6. The pressure-sensitive adhesive tape }/or
fixing Watell i uirektiorehergmpt according to Aaim1l, wherein the
stret chgséygtfﬁés??]cﬂoirl@n@iaﬁug?astn?t(‘r:‘ filmbiaxially stretched in both of

| ongitudinal and width directions thereof, wherein the drawratio in the
width direction is smaller than that in the longitudinal direction. 7. A

capacitor conprising: a capacitar. el epgent; and ressure-sensitive adhesive
tape for fixithg a {f\,ﬁ'ﬁa‘?rﬁﬁS%rie'ﬁet‘i‘élt'(\:lgpaadcﬁeetsb\’l'e %p&‘r@)ﬁt 'xéﬁ%grmr}@’q 8%5 5PRFQior .
Use of pressure-sensitive adhesive tape accordjn o.any of Claigs 1 to 6
for fi x?ai@,ménb\ﬁ%?rﬁg‘%’fo g'%@pﬁc‘?’}?%?’”e g@;ﬁ%qh%pl%s‘&c flﬁl'n ¥s a plastfac {uﬂ;n biaxially
stretched in both of longitudinal and width directions thereof, wherein the draw ratio in

the width direction is smaller than that in the longitudinal direction.

7. A capacitor comprising: a capacitor element; and a pressure-sensitive

adhesive tape for fixing a winding of the capacitor element according to Claim 1.

8. Use of pressure-sensitive adhesive tape according to any of Claims 1 to 6

for fixing a winding of a capacitor element.
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