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PRESSURE-SENSITIVE ADHESIVE TAPE FOR FIXING WINDING OF CAPACITOR ELEMENT 5
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 is obtained by winding an aluminum foil (electrode foil) which has
been etched or oxidized on the surface thereof with an electrolytic paper
made of Manila hemp or the like or 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 1   WO 02/066569 PCT/JP02/01495 winding of such a
capacitor element there has been heretofore used a method which comprises
applying an adhesive directly to the outermost layer electrolytic paper or
separator to bond and fix the winding of the capacitor element or a method
which 5 comprises sticking a pressure-sensitive adhesive tape having a
width substantially equal to the height of the capacitor element over the
periphery of the capacitor element or more such that the crosswise range of
the pressure-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 Z5 or apressure-sensitive adhesive tape comprising as a supporting
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 150C. The
recent demand is for more surface packaging (mounting) chip parts to
withstand a temperature of not lower than 250C developed at solder reflow
which has recently more often be effected at a raised solder 25 melting
temperature due to deleading. Thus, the 2   WO 02/066569 PCT/JP02/01~95
pressure-sensitive adhesive tape foruse in the fixing of winding of a
capacitor element is required to withstand the load temperature applied to
the capacitor element. Further, a dry aluminum electrolytic capacitor is
subjected to heat treatment 5 at a temperature of not lower than 250C at a
step of carbonizing the electrolytic paper or separator during the
preparation thereof. Accordingly, a dry aluminum electrolytic capacitor,
too, is 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
constituting the plastic film, the film shrinks in the stretching 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   WO 02/066569 PCT/JP02/01495
pressure-sensitive adhesive tape for fixing the winding of a capacitor
element which assures that not only the loosening of the capacitor element
but also the shortcircuiting of the capacitor element can be prevented even
at a temperature of 5 not lower than the glass transition point of the
resin 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 10 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 25 capacitor
element at a solder re flow during the surface packaging 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 20 of the crosswise thermal shrinkage factor (i.e.,
thermal shrinkage factor in a width direction) of a pressure-sensitive
adhesive tape comprising a stretchedplastic film as a supporting base
material to not greater than a specific value makes it possible to prevent
the shortcircuiting of a capacitor element 25 while making it sure to
prevent the loosening of the winding 4   



WO 02/066569 PCT/JP02/O1495 of the capacitor element . The invention has
thus been worked out.  The invention provides a pressure-sensitive adhesive
tape for fixing the winding of a capacitor element comprising 5 an adhesive
layer provided on at least one side of a stretched plastic film, the
pressure-sensitive adhesive tape having a crosswise thermal shrinkage
factor of not greater than 5o at the load temperature of the capacitor
element (for example, at a temperature of up to 150C, preferably up to
250C, 10 particularly preferably up to 300C). 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 direction at a temperature of not lower than the glass
transition point (Tg) thereof . On the other hand, such a stretched plastic
25 film is crystalline. Therefore, when the ambient temperature 5   WO
02/066569 PCT/JP02/01495 is not lower than the glass transition point of
the plastic film but is lower than the melting point of the plastic film,
the unstretched plastic film stays elastic to have capability of fixing the
winding of a capacitor element. A polyethylene 5 terephthalate (PET) film
exhibits a glass transition point of 69C and a melting point of 264C. A
polypropylene (PP) film exhibits a glass transition point of - 18C and a
melting point of 165C. A polyphenylene sulfide (PPS) film exhibits a glass 



transition point of 90C and a melting point of 285C. 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 o, more preferably not greater than 1 . 5 o at a load
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 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 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 6   WO 02/066569 PCT/JP02/01495 TD direction). In some
detail, a uniaxially stretched film obtained by stretching a plastic film
only in the direction corresponding to the longitudinal direction of the
tape(normally, in the direction of film flow; MD direction) 5 or a
biaxially stretched film obtained by stretching a plastic film mainly in
the direction corresponding to the longitudinal 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, biaxially stretched polyester film [e. g., trade name
"LCP Film", produced by SUMITOMO CHEMICAL CO., LTD.], and biaxially
stretched polyphenylene sulfide [e. g., trade name "Torelina 3030",
produced by TORAY INDUSTRIES, INC.]. The foregoing 20 biaxially stretched
polyester film (trade name "LCP Film") exhibits a crosswise thermal
shrinkage factor of not greater 



than 5% at a temperature of up to 300C. The foregoing biaxially stretched
polyphenylene sulfide film (trade name "Torelina 3030") exhibits a
crosswise thermal shrinkage factor of not 25 greater than 5o at a
temperature of up to 150C. As the base 7   WO 02l066569 PCT/JP02/O1495
material film of the invention there is preferably used a uniaxially
stretched plastic film such as uniaxiallystretched polypropylene film in
particular.  The thickness of the base material film may be properly 5
predetermined so far as the working efficiency in fixing the winding of a
capacitor element cannot be impaired. In practice, however, the thickness
of the base material film is normally from about 5 ~,m to 100 ~.m,
preferably from about 9 dun to 50 ~tm . 20 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 50o to
100o 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 Oo to 50o
by weight of a comonomer (e. g., (meth)acrylic acid ( compound, vinyl
acetate and styrene having 5 or less carbon atoms) and (3) from Oo to 50o
by weight of a functional 25 group-containing monomer. 8   WO 02/0665G9
PCT/JP02/01495 



Examples of the main monomer (1) include 2-ethylhexyl
(meth)acrylate,butyl(meth)acrylate, isobutyl(meth)acrylate, hexyl
(meth)acrylate, octyl (meth)acrylate, isooctyl (meth)acrylate, decyl
(meth)acrylate, isodecyl(meth)acrylate, 5 lauryl (meth)acrylate, and
stearyl (meth)acrylate. Examples of 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. Preferred examplesof the monomer having hydroxylgroup
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 9
WO 02I066569 PCT/JP02/O1:195 a dimethacrylate, tetraethylene glycol
diacrylate, trimethylolpropane triacrylate, divinylbenzene, divinyltoluene,
diaryl phthalate, diaryl malate, diaryl adipate, diaryl glycolate, triallyl
isocyanurate and 5 diethylene glycol bisallyl carbonate. The acrylic
adhesive may comprise a tackifying polymer material such as rosin, terpene
resin (e. g. , a-pinene, (3-pinene) , terpene-phenol resin and petroleum
resin, a crosslinking agent (e. g., polyol, polyamine, isocyanate) and
other additives 10 incorporatedtherein besidesthe foregoing copolymers
(acrylic polymers). As the rubber-based adhesive there maybe used an
adhesive 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.g., 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 is
normally from about 25 2 ~.m. to 100 N.m., preferably from about 5 ~,m to
50 Win. 10   WO 02I066569 PCT/JP02/01495 



As aprocess for the preparation of the pressure-sensitive adhesive tape for
fixing the winding of a capacitor element of the invention there may be
used an ordinary process for the preparation of a pressure-sensitive
adhesive tape. The 5 pressure-sensitive adhesive 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 wound with an
electrolytic paper or separator interposed therebetween. The invention will
be further described hereinafter in 20 the following examples, but the
invention should not be construed as being limited thereto. EXAMPLE 1 As a
supporting base material there was used a uniaxially stretched
polypropylene film (thickness: 30 Vim). To one side 25 of the uniaxially
stretched polypropylene film was then applied 11   WO 02/066569
PCT/JP02/01495 a solution obtained by dissolving a copolymer obtained by
the copolymerization of an alkylester (meth)acrylate the alkyl moiety of
which has from 4 to 18 carbon atoms with a vinyl-containing compound
copolymerizable therewith and a 5 crosslinking agent (e.g., polyol,
polyamine, isocyanate) in a solvent. Subsequently, the coated material was
heated to a temperature of 90C for 3 minutes so that the solvent was
removed and the copolymer was crosslinked to form an adhesive layer
(thickness : 25 dun) 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 ~.un) . 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 CHEMTCAL C0. , LTD. ] (thickness: 25 Eun) . 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   WO 02/066569
PCT/JP02/01495 material there was used a biaxially stretched polypropylene
a film (thickness: 30 ~,m) . COMPARATIVE EXAMPLE 2 A pressure-sensitive
adhesive tape was prepared in the 5 same manner as in Example 1 except that
as the supporting base material there was used an unstretched
polyetherimide film [trade name "Superio", produced by MITSUBISHI PLASTIC
INDUSTRIES LTD.] (thickness: 25 ~.m). EXPERIMENT EXAMPLE 1 10 The
pressure-sensitive adhesive tapes prepared in Examples 1 and 2 and
Comparative Example 1 were each cut with a width of 2 . 5 mm (the direction
perpendicular to the stretching direction corresponds to the crosswise
direction in Example 1 while one of the stretching directions corresponds
to the 15 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 mm~ 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 20 to a temperature of l50C 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. 13   WO
02/06G569 Table 1  PCT/JP02/Ol495 Example No.Supporting baseThermal
shrinkagematerialfactor (150C x 1hr )Example
1Uniaxially0.90stretchedpolypropyleneExample 2Biaxially
stretchedOopolyphenylenesulfideComparative Example 1Biaxially
stretched8.30polypropylene 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 o and 0 0, respectively, even at
a temperature as high as 150C. 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 shortcircuiting of 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 o even at a temperature as high 15 as 150C. When such a
pressure-sensitive adhesive tape is used to fix the winding of an aluminum
electrolytic capacitor element ( guaranteed for high-temperature use, the
aluminum foil is exposed, possibly causing shortcircuiting. EXPERIMENT
EXAMPLE 2 14   W O 02/066569 PCT/JP02/01495 The pressure-sensitive adhesive
tapes prepared in Example 3 and Comparative Example 2 were each wound on a
steel rod in the same manner as in Experiment Example 1, heated to an
ambient temperature of 270C and 300C for 1 hour, and then 5 measured for
crosswise shrinkage factor. The results are set forth in Table 2 . In
Example 3, the pressure-sensitive adhesive tape was cut with one of the
stretching directions as crosswise direction. 



Table 2 Example No.SupportingThermalThermalbase
materialshrinkageshrinkagefactor (270C xfactor (300C x1 hr)1 hr)Example
3Biaxially0.500.5ostretchedpolyesterComparativeUnstretchedMelted,
foamedMelted, foamedExample 3polyetherimide 10 As can be seen in Table 2,
the pressure-sensitive adhesive tape of Example 3 exhibits a crosswise
thermal shrinkage factor as low as 0 . 5 o even at a temperature 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
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   WO 02/066569 PCT/JP02/01495 exhibited a
remarkable drop of film elasticity and thus underwent melting and foaming
at a temperature of higher than the glass transition point of the resin
constituting the base material film (216C). Thus, such a pressure-sensitive
adhesive tape 5 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 comprises a 10 stretched plastic film as a base material film.
The pressure-sensitive adhesive tape of the invention exhibits a crosswise
thermal shrinkage factor predetermined to not greater than a specific value
. In this arrangement, it is assured that the loosening of the winding of a
capacitor element can be 15 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 20 electrolytic capacitor
element guaranteed high-temperature use. Moreover, the pressure-sensitive
adhesive tape of the 



invention can prevent the shortcircuiting of the capacitor element at a
solder 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   WO 02/066569 PCT/JP02/01495 of which is
hereby incorporated by reference, the same as if set forth at length. 17
WO 02/066569 CLAIMS PCT/JP02/O1-495 1. A pressure-sensitive adhesive tape
for fixing a winding of a capacitor element, which comprises: a stretched
plastic film; and 5 an adhesive layer provided on at least one side of the
stretched plastic film, wherein the pressure-sensitive adhesive tape has a
thermal shrinkage factor in a width direction thereof of not greater than
5% at a load temperature of the capacitor element. 10 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 polypropylene film. 25 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
terephthalate (PET) film, polypropylene (PP) film, and 20 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 25 factor in a
width direction thereof of not greater than 5 o at 18   WO 02/066569 150C .



r PCT/JP02/01495 5. The pressure-sensitive adhesive tape for fixing a
winding of a capacitor element according to Claim 1, wherein 5 the
pressure-sensitive adhesive tape has a thermal shrinkage factor in a width
direction thereof of not greater than 5 o at 250C. 6. The
pressure-sensitive adhesive tape for fixing a 10 winding of a capacitor
element according to Claim 1, wherein the stretched plastic film is plastic
film uniaxially stretched in a longitudinal direction thereof. 7. The
pressure-sensitive adhesive tape for fixing a 15 winding of a capacitor
element according to Claim 1, wherein the stretched plastic film is a
plastic film 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. 20 8. A capacitor
comprising: a capacitor element; and a pressure-sensitive adhesive tape for
fixing a winding of the capacitor element according to Claim 1. 19
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