2 0 NOV 2005 ACRYLI C PRESSURE- SENSI Tl VE ADHESI VE AND PROCESS FOR PRODUCI NG
THE SAME FI ELD OF THE | NVENTI ON The present invention relates to agﬁa@wﬁh'c
pressure-sensitive adhesive useful as, e.g., an adhesive for adhesi t gEs
or sheets. The invention further relates to a process for producing the
pressure-sensitive adhesi ve. BACKGROUND OF THE | NVENTI ON Acrylic
pressure-sensitive adhesives are excellent in pressure-sensitive adhesive
properties such as tackiness and cohesive force and in weatherability, oi
resi stance, etc. The adhesives are hence extensively used as

pressure-sensitive adiesRYEICPRESSURBESENSITRYE ADHESDVRI ng t he
pressure-sensitive adheghPROEKSS FOR PROTFGEING g adhesive tapes,

| abel s or sheets. Acrylic pressure-sensitive adhesives heretofore in use
conprise a copolynmer obtained by copolynerizing one or nore al kyl
(meth)acrylates, as the main conponent, which are capable of formng a
tacky polyner having a rel at FiflelLh OloWHE BSCENTHONI ti on poi nt, such as
n-butyl acrylate or 2-ethyl hexyl acrylate, with a nonomer having a

functi onal group, Thaphkseatinverdioy r¢latenatoi ah, acBiaypseng-etrisifive @dleesiv aisafyllaat e, or
acnyl am de, as an conponent serving to form crosslinkable sites in the

t acky pol ¢gean athesive émtadhesiveitapes prisileets.ul Hie ifentien Birthemystategdo aputeessifore f or ce
and with a nmononer such as styrene or vinyl acetate as a nononer conponent
capabl e oprofiesing the peeshveg-senpvéadbiesivavi ng a rel atively high glass transition
poi nt. Such polynmers for_use as acrylic pressure-sensitive adhesives are
general |y produced by theBéSK&iR‘BHNI%QFW@wW%t hod, suspension

pol yneri zati on nethod or enul si.on | ymeri zation, . nethod. However, .t he
Sol Ut on pol ymer | A5D/I6 ARSI AR Sk eelipt iy PRERGsopig wlppsive
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necessit a&ﬁ%si@égez{rg%e%%x?enﬁ’iﬁ? @ as pressure-sensitive adhesives (tacky adhesives) for
forming the pressure-sensitive adhesive layers of pressure-sensitive adhesive tapes, labels or
sheets.

Acrylic pressure-sensitive adhesives heretofore in use comprise a copolymer
obtained by copolymerizing one or more alkyl (meth)acrylates, as the main component, which
are capable of forming a tacky polymer having a relatively low glass transition point, such as
n-butyl acrylate or 2-ethylhexyl acrylate, with a monomer having a functional group, such as
acrylic acid, 2-hydroxyethyl (meth)acrylate, or acrylamide, as an component serving to form
crosslinkable sites in the tacky polymer or to enhance intermolecular force or improve
cohesive force and with a monomer such as styrene or vinyl acetate as a monomer component
capable of forming a hard polymer having a relatively high glass transition point. Such
polymers for use as acrylic pressure-sensitive adhesives are generally produced by the solution
polymerization method, suspension polymerization method or emulsion polymerization
method.

However, the solution polymerization method not only necessarily has a problem
concerning environmental sanitation because of the use of a large amount of an organic

solvent, but also is costly because polymer isolation necessitates energy and a step for



1 2 8 NOV 2005 distilling off the organic solvent. The suspensiozé NQY. 2005
pol yneri zati on and enul sion pol ynerization nethods have a drawback Qhép t he
enul si fying agent or dispersant used in polynerization cones into the

pol ymer and, hence, a pure polyner is difficult to obtain. In addition, the
suspensi on pol ynerizati on and emnul sion pol ynerization nethods are costly
like the solution polynerization nethod because water should be evaporated
for polyner isolation. Furthernore, since polynerization for producing an
acrylic pressure-sensitive adhesive by each of those nethods is usually
conduct eddib@tighvof ethet bepapiel worentzat Thel Sysnsioh pelsmpaaitioe Ve esaulsion

pol ynmeri zati on conditi ons such as tenperature and nononmer concentration.
Because ofolyheszatiom afeimds havet fdrandasiethai ta el sifying| agemtr orr dispetstust used @ Wi dened
nol ecul ar-wei ght distribution, and the reduced nononer concentration in the
final stapsymérizatien careadhtodie paguét aidj Ienfoampate mityrodr iadifieulido abtemnt Inof | ow
nol ecul ar products. As a result, the polyner obtained has inpaired

pr essur e- aitong the suspeiresi podymeropiéon dandsmuligm potynednizetiquohgtheds areagpstly like
pressure-sensitive adhesive poses a problemthat the anmpunt of conponents

t r ansf er r e selgtionpolyrizaeerimetiod bacaese vwater shoplddrelssapamtediior polppenisolaions bul k
pol ymeri zati on met hod which conprises_ using a single- or tw n-screw
extruder as a reab@Biemgecepte pRIpuSIARYD fof nEpduetngn@h ok Pressuroiensdiive a

pol ymer has heen propgsed (see, for exanple, Japanese Patent Publication No.
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have a narrow tenperature distribution, a polynmer having a narrow nol ecul ar
wei ght  di sdlymeudbtanedcial impaak| pteso@e 8&tsiive @éhesive properties. Use of this polymer

as a pressure-sensitive adhesive poses a problem that the amount of components transferred to

an adherend is large.

On the other hand, a continuous bulk polymerization method which comprises
using a single- or twin-screw extruder as a reactor to continuously polymerize monomers to
obtain a polymer has been proposed (see, for example, Japanese Patent Publication No.
62-41532) in order to eliminate the problems described above. Since this method uses
neither an organic solvent nor water nor other components such as an emulsifying agent and
dispersant, it can not only attain a reduction in energy cost, etc., but also yield a polymer
containing no impurities. Use of a continuous process is advantageous in that since
monomers are continuously fed, the polymerization system can be easily regulated so as to
have even reaction conditions and the formation of low-molecular components can be
inhibited, and that since the polymerization system can be made to have a narrow temperature
distribution, a polymer having a narrow molecular weight distribution can ideally be obtained.

Virtually, however, the related-art continuous bulk polymerization method has a problem that

there are cases where the reaction proceeds rapidly depending on the kind of the monomers



Virtually, however, the related-art continuous bul k pol ynmeri zati on nmet hod
has a problemthat there are cases where the reaction proceeds ripNed 3005
depending on the kind of the nmonomers 2 2 B NOV 2005 and the resultant
increase in viscosity nmakes tenperature control difficult, leading to a
runaway reaction. Nanely, the design of polyner nol ecular weight is
difficult. Furthernore, use of a screw extruder as a reactor poses a
problemthat it is difficult to conpletely elimnate the residence zone
(dead space) and, hence, by-products such as gels and deterioration

product s geheteatrsuland itcrdasdgeivecdits paldey menpdratureotontbt diffiedt, 1GdviyARYa OF THE
| NVENTI ON Accordi ngly, one object of the present invention is to provide an
acrylic pressyreagonsi t Newelgdhlesideggmhofc lpolyorespr mekesular padighters détaded i n
the content of |ow nolecular weight conponents and having a narrow

nol ecul ar Fuhagmorediuse pf busciewnextnderaashi géactopgiogest a arabteay ¢hatratl scdiffignlt iei ght
and whi ch has excellent pressure-sensitive adhesive properties and is |ess
apt to foedmpldishraifdeate tha ssidencegbpedeadspacehandy herserty-produsksispdrasigslsaad pr ovi de
a process for producing the acrylic pressure-sensitive adhesive. As a
result of di:tﬂm@ﬁ%@w‘ow%s@mrg@tan@ﬁ§0m@ge@9<&s@e}¥§wr kobpRpineds descri bed above,
it has been found that when_one or nore nononers conprising an al kyl
(meth)acrylate are contin683§PQARXd)F8T§3Hgggyguc?%gether wi th carbon

di oxi de as a diluent to radical-pol rize the nmpnoners under speci.fic
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pressure-sensitive adhesive which conprises continuously feeding a nononer
conponent properties and is less apt to foul adherends.

Another object of the present invention is to provide a process for producing the
acrylic pressure-sensitive adhesive.

As a result of intensive investigations to overcome the problems described above,
it has been found that when one or more monomers comprising an alkyl (meth)acrylate are
continuously fed to a reactor together with carbon dioxide as a diluent to radical-polymerize
the monomers under specific conditions, then a polymer reduced in the content .of low
molecular weight components and having a narrow molecular weight distribution and a high
weight average molecular weight is formed and an adhesive composition which has excellent
pressure-sensitive adhesive properties and is less apt to foul adherends is obtained. The
invention has been completed based on this finding.

The present invention provides a process for producing an acrylic
pressure-sensitive adhesive which comprises continuously feeding a monomer component
comprising at least one alkyl (meth)acrylate and carbon dioxide as a diluent to a reactor and
radical-polymerizing the monomer component under the conditions of a temperature of from

50 to 100°C and a residence time of from longer than 60 minutes to 200 minutes to thereby

continuously obtain an acrylic pressure-sensitive adhesive comprising an acrylic polymer.



conprising at |east one al kyl (meth)acrylate and carbon di oxi de as a dil uent
to a reactor and radical-polynerizing the nonomer conponent unde}§ i 2005
conditions of a tenperature of from 50 to 100C and a residence tinme of from
| onger than 60 mnutes to 200 mnutes to thereby continuously obtain an
acrylic pressure-sensitive adhesive conprising an acrylic polynmer. 3 2 8 NOV
2005 The present invention further provides an acrylic pressure-sensitive
adhesive conprising an acrylic polyner which has a wei ght average nol ecul ar
wei ght of 1,200,000 or higher and in which the proportion of conponents

havi ng a nol ecul @&henpiegint ifenti@0fidher provideoweracidic Iiieéstry-sesitylet adbesiveower
based on the wei ght of the whole polyner. BRI EF DESCRI PTI ON OF THE DRAW NG
The Fi gurcenipsisiag auheyi¢ pdyhtowhichbasta séightiangragemoleanian weighi of ﬂéﬁ@ﬁ@@ Orused in
the Exanples; in which 1. reserve tank 2, 6: high-pressure pu

needl e vaiigher and juwbich dre b psekonfidomipandnisrtavimgeemoledilarcadighiof dD Q@QJI@r bonb 8:
j acketed tubular reactor 9: pressure-hol ding val ve DETAI LED DESCRI PTI ON OF
THE | NVEN®WENs ERarhy| vesighdfor fotwer basrgpn ‘(hmelrgha@f?tw sthelepolymer.used as or in the
nononer component in the present invention include alkyl acrylates and

met hacryl ates in which B EDWICR&PE;&QN@E THE DRAWING bon at oms. Speci fic

exanpl es thereof include. nethyl a te, ethyl | at e, p cryl ate,
i sopropyl acr yl atjéhe %&‘F? s %E‘ih?lnétfceéow &mﬁgywngépeyp%{lguoug e I“H%’x‘?%‘e
acrylate é% W Iate nonyl acrylate, isononyl acryl ate, decyl

y

acrylate | ate, butyl nethacrylate, 2-ethyl hexyl nethacrylate

and octyl net hacrp/lr(%'%r%etm&ose al kyl (nmeth)acryl ates

2, 6: high-pressure pump

3, 7: needle valve

4: junction block with in-line mixer

5: carbon dioxide bomb

8: jacketed tubular reactor

9: pressure-holding valve

DETAILED DESCRIPTION OF THE INVENTION

Examples of the alkyl (meth)acrylate to be used as or in the monomer component
in the present invention include alkyl acrylates and methacrylates in which the alkyl group has
1 to 18 carbon atoms. Specific examples thereof include methyl acrylate, ethyl acrylate,
propyl acrylate, isopropyl acrylate, butyl acrylate, isobutyl acrylate, 2-ethylhexyl acrylate,
octyl acrylate, nonyl acrylate, isononyl acrylate, decyl acrylate, dodecyl acrylate, butyl
methacrylate, 2-ethylhexyl methacrylate and octyl methacrylate. Those alkyl (meth)acrylates
can be used alone or as a mixture of two or more thereof.

Although one or more of those alkyl (meth)acrylates may be used as the only
monomer(s), those may be used as the main component in combination with monomers
copolymerizable therewith. Typical examples of the copolymerizable monomers include
carboxyl-containing ethylenically unsaturated monomers such as (meth)acrylic acid, crotonic

acid, itaconic acid, maleic acid and fumaric acid. Of those carboxyl-containing ethylenically



can be used alone or as a mxture of two or nore thereof. Although one or
more of those al kyl (meth)acrylates may be used as the only nonomg@(),2005
those nmay be used as the main conponent in conbination with nonomers

copol yneri zabl e therewi th. Typical exanples of the copol ynerizabl e nononers
i ncl ude carboxyl -containing ethylenically unsaturated nononmers such as
(meth)acrylic acid, crotonic acid, itaconic acid, nmaleic acid and funmaric
acid. O those carboxyl-containing ethylenically 4 2 8 NOV 2005 unsat ur at ed
nononers, acrylic acid is particularly preferable. Those carboxyl - contai ni ng
et hyl eni cahdayuraters atonomtsgdamgivoaed s pargeularfyopreterdbles o ifposeesrrisoxy beontaming ng
crosslinkages in the polymer. Qher exanples of the copolynerizable
nmononers i kn@ébvmwﬂmm@ﬂnnmmmnwsmeMngmhmagxnmmmmVﬁngbwmn@ﬁﬁﬁ§mkmmsatryI|c
pressure-sensitive adhesives, such as vinyl esters, ., vinyl acetate,
styreni c themohimes. sQtir aempley oétie copslxnerizeblaainemety Lmi rESEIQUSS RROPOTARSS
acrylonitrile, am de-containing nononers such as (neth)acryl am de or

acryl oyl msRpMbRS medifying aprsnyers s merlin PressurRosBTEYesadhesives.csyelk 95 wiak eslers ng
nmononmers. Any. of those nononers can_be used. Fromthe standpoint of

adhesi ve Boptni pestate, SHECHIGBOPAMES sqqhﬁétyr%p@fay%w@z%g EMORBHETSEh 8Y be

used is prefera ly ug to 50% ht bas n f all  nononers
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conduct ed r zatlon initiator
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2,2' -azobi si sobutyronitri or azobisisovaleronitr anount O th

|n|t|atorOpgggoﬂaﬂapgwhﬁgg3§ﬂ§b@§naﬁy&@@mgrd|nary pol ymeri zation of acrylic
nononers. For exanple, the anmount of .the generator used is generally about

0.01 to 1 part byThepdhineripriel enalnycaa e wbndicRE vith e Gidperd pdlyme€iaghi , per
100 parts by weight of all nononers.

initiator which upon decomposition generates a free radical. Initiators for general use in

radical polymerization can be used. Examples of the initiator include organic peroxides such

as dibenzoyl peroxide, di-tert-butyl peroxide, cumene hydroperoxide or lauroyl peroxide, and

azo compounds such as 2,2"-azobisisobutyronitrile or azobisisovaleronitrile.

The amount of the initiator used may be the same as in the ordinary
polymerization of acrylic monomers. For example, the amount of the generator used is
generally about 0.01 to 1 part by weight, preferably about 0.05 to 0.5 part by weight, per 100
parts by weight of all monomers.

The amount of the carbon dioxide to be used as a diluent in the present invention
is, for example, from 5 to 2,000 parts by weight, preferably from 20 to 900 parts by weight,
per 100 parts by weight of all monomers. Although a diluent consisting of carbon dioxide
only is usually sufficient, a small amount of an organic solvent may be contained therein
according to need for the purpose of improving miscibility, etc.

The reactor that can be used in the present invention is not particularly limited so

long as the contents present therein can be mixed, controlled with respect to reaction

temperature, and continuously transferred. Preferred reactors are ones having the excellent



The ampbunt of the carbon dioxide to be used as a diluent in the present
invention 1is, for exanple, fromb5 to 2,000 parts by weight, pref rabI%/ 5from
20 to 900 parts by weight, per 100 parts by wei ght of all monomdrisNOV 700

Al t hough a diluent consisting of carbon dioxide only is usually sufficient,
a small amount of an organic solvent may be contained therein according to
need for the purpose of inproving mscibility, etc. The reactor that can be
used in the present invention is not particularly limted so l|ong as the
contents present therein can be m xed, controlled with respect to reaction
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havi ng the excellent 5 2 8 NOV 2005 ability to mx the contents and perform
heat exchiatigeingUsiwatfigesua harge rmauttorf leas gtreetedf oyt Hhevpalgmedato afjesryli@ | ar ge
anount of heat generated by the pol ynerization of acrylic nononers can be
easi | y r emonaukrs beckussil tamovls besausedie dystemasi by easdylmatiotonzave eeanpens@ss i n
reaction conditions, the residence tine distribution, polynerization

t enper at ureectivh sondibertsi the, residance tie distidation rpobyenenizationiemipera@readiplobytiosry  havi ng
a narrow nol ecul ar wei ght distribution can hence be obtained; and the

acryl i ¢ nwddhelike cephanarawpdand e pelymer keavingra neriew sislserier weight distribwtion cie
renoved under reduced pressure. by a continuous operation in the sane

appar at ushensg, be opiard 4nd thejsanicapeneaers xampnag yrrepdied #ics dispolynenzgtionr esent

i ti i I | zi th ] rs in a.continuo flowin a
tubul ar r ERdeGMOvEHan et BRI A MSNGHO sRrcigh L SHES SRRFENT y sel ect ed
di to, f | I i zati t , | i i
Drossure. mononr ABGRERIY BT STRERS SBTHE of B HECHnAT AP YROReme or
t | on. ' . t . le . CORt.
Conctor s brfiise AR RUBhhER B KinRe Bk (EXAIRLE Becllor SO NS

tui n- SOT ey EY GRS Raci O B BGS QleckSREARY BHSREb0 FATRLDALLPD. |0

the process of the present invent monoi component npri sing at
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the reactor, and the nononer conponent is radical-polynerized under the
condi t i on@it@afor aohempationt UBesidds thibwlan fQctors, usable examples of continuous reactors
include single- or twin-screw continuous kneaders and single- or twin-screw extruders. Two
or more of these may be used in combination.
In the process of the present invention, the monomer component comprising at
least one alkyl (meth)acrylate and carbon dioxide are continuously fed to the reactor, and the
monomer component is radical-polymerized under the conditions of a temperature of from 50
to 100°C and a residence time of from longer than 60 minutes to 200 minutes. Although a
free-radical initiator may be supplied separately from the monomers, the general technique is
to mix the initiator beforehand with the monomers and feed this mixture to the reactor. It is
preferred that an in-line mixer for mixing the monomer component with carbon dioxide be
disposed at the inlet to the reactor so as to feed a mixture of these to the reactor.
The reaction temperature is preferably from about 55 to 90°C, and the residence
time is preferably from longer than 60 minutes to 180 minutes, more preferably from 70 to
120 minutes. In case where the reaction temperature is lower than 50°C, the rate of reaction

is too low and a residence time exceeding 200 minutes is necessary. Such a long residence

time is impractical. In case where the reaction temperature exceeds 100°C, the reaction



to 100C and a residence tine of fromlonger than 60 m nutes to 200 m nutes.
Al though a free-radical initiator nay be supplied separately fro Bﬁﬁ
nononers, the general technique is to mx the initiator beforeﬁkﬁh '@h t he
nononers and feed this mxture to the reactor. It is preferred that an
in-line mxer for mxing the nononmer conponent with carbon di oxi de be

di sposed at the inlet to the reactor so as to feed a mxture of these to the
reactor. The reaction tenperature is preferably fromabout 55 to 90C, and
the residence tine is preferably fromlonger than 60 mnutes to 180

| , ef | 0 . 0 M _ , .
Cenper ot FECRSPELE) APkl SRt Pl S i BEpMOCL e et o
resi dence, b g 6 Sl B9 a8 RYlEficleft REGSSAWhile Fuidbrie RROCLRSgIENCE

time is inpractica n case where e reaction tenperatur 00C,

t he react%&ﬂnﬁgnégﬁﬁghéﬁggghp&ggﬁgﬂﬁ+&g%hgﬁﬁa&gugause t hermal crosslinking.

On t he other residence tines o utes and shorter do not result

in a sufficient copyeNahQRatiodlah®eoitiueRE GEcatbolRoGIGEEHMBYso A0 hil Wt s are
undesirable in that thermal crosslinking occurs. The polynerization can be

conduct edprefsufels RN edare, dfork @Bt 317800 50 MBa tedy. Na\BpdcritRaP&SbinediOfide)f Or
exanpl e, ?rom about 5.73 to 50 MPa (e.g., in supercritical carbon dioxide).
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steps according to need. For obtaining a resin conposition having a
narrower medecul ar weight distribution, it is effective to narrow the
residence tine distribution. In the case of using a tubular reactor such as
a straight tube rEacbbininghe ressi dempesitianmbadigta ifagbven melecuber meght at ed

by regulating the dianeter of the tube, ratio of the tube length to the
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conti nuous_kneader or a single- or twin-screw extruder is used as a
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sl ect | ng, & paAdl e, o0 SSLow AL LANSSIEY . ShSLAMRS REIMESRab0G, R3] 8b 2nd the
In the case where a single- or twin-screw continuous kneader or a single- or twin-screw
extruder is used as a reactor, the residence time distribution can be regulated by suitably
selecting a paddle or screw arrangement, distance between the barrel and the paddles and/or
screw(s), etc.

In the process of the present invention, carbon dioxide is used as a diluent, and
one or more monomers and the carbon dioxide are continuously fed to a reactor to
continuously polymerize the monomers under specific conditions. Because of this
constitution, polymerization conditions including polymerization temperature and
concentration can be more easily made even than in the batch polymerization processes
heretofore used. Furthermore, due to the diluting effect of the carbon dioxide, the system is
kept in a low viscosity state throughout, making the control of the reaction easy. As a result,
not only the viscosity increase accompanying rapid proceeding of reaction and the runaway of
reaction can be prevented, but also the dead spaces in the reactor, e.g., a reaction tube or screw
extruder, can be eliminated to thereby inhibit the formation of by-products such as gels and

deterioration products. In addition, the process of the present invention necessitates neither

an emulsifying agent nor a dispersant unlike the suspension polymerization method, emulsion



In the process of the present invention, carbon dioxide is used as a

di luent, and one or nore nononers and the carbon dioxide are contZEq@v§h%
fed to a reactor to continuously polynerize the nonomers under specirti
conditions. Because of this constitution, polynerization conditions

i ncl udi ng pol ynerization tenperature and concentration can be nore easily
made even than in the batch polynerization processes heretofore used.
Furthernore, due to the diluting effect of the carbon dioxide, the systemis
kept in a |ow viscosity state throughout, nmaking the control of the reaction
easy. As p@lynessightion methad, and thedike \Besaussiof thope dreqecesnielciberprensnit inyentiopi d
proceedi ng of reaction and the runaway of reactjon can be prevented, but
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present invention necessitates neither an, enulsifying agent nor a .
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inpurity content and.i he content of | ow nol ecul ar wei ght conponents and
havi ng aeﬁg?rpg%_tl%fi}gé%%&? a‘ﬁ}?feﬁﬁi‘ distribution. The acrylic _
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pressure-sensiti gsi'v roper such "as ccohesrve torce an hesi ve

force and,lgic SKehCdBlafer etéﬁrésr@@en{lﬁ tﬁ@hﬂggﬁgﬁ%ﬁgﬁslﬁ%so%&f? i stanidBo' process

of the present 1nventlon, 1S"°no of u organi ¢ sol vent or

vat er.  CQRSRAMEH ¥anithfish, BEOGESSrolisetidy AR ABERUSobI2MdiBE. St andpoi nt  of
environnental sanitation, has high productivity, and attains a cost

reduction. By theyrieesdcit bhandrgeent hienabd | GRcHRICTbORY aboapilican
acrylic pressure-sensitive adhesive conprising an acrylic polynmer which,
for exanpr&surbasshiveadighive caviprisigeammadrdicigolimeneiliil, fafexampleOh43Q0weghthi gher
(e.g., from1, 200,000 to 5,000,000), preferably from1,500,000 to
3, 000, 00@yeraga malkeontar oveight eofpt.3p40A0 on higher éapodomt J,208000 go a5,000,000),
preferably from 1,500,000 to 3,000,000, and in which the proportion of components having a
molecular weight of 100,000 or lower is 10% by weight or lower, preferably 5% by weight or
lower, based on the weight of the whole polymer can be prepared. This acrylic polymer
preferably has a molecular weight distribution (ratio of the weight average molecular weight to
the number average molecular weight (My/M,)) of from about 2.0 to 6.0. The weight
average molecular weight, proportion of components having a molecular weight of 100,000 or
lower, and molecular weight distribution in the acrylic polymer can be regulated, for example,
by suitably selecting the kinds and proportions of monomers, kind and amount of a
polymerization initiator, polymerization conditions (e.g., reaction temperature, reaction
pressure, and residence time), kind and shape of a reactor, and shape and structure of a stirring

unit. The weight average molecular weight, proportion of components having a molecular
weight of 100,000 or lower, and molecular weight distribution can be determined through gel
permeation chromatography (GPC).

Although the pressure-sensitive adhesive prepared by the process described above

may be used as it is, various additives may be added thereto before use according to need.



nol ecul ar wei ght of 100,000 or lower is 10% by weight or |ower, preferably
5% by wei ght or |ower, based on the wei ght of the whole pol yner g%ﬂVQ@S
prepared. This acrylic polyner preferably has a nol ecul ar meighz
distribution (ratio of the weight average nol ecul ar weight to the nunber
average nol ecul ar weight (M/M)) of fromabout 2.0 to 6.0. The wei ght

aver age nol ecul ar wei ght, proportion of conponents having a nol ecul ar wei ght
of 100,000 or |lower, and nol ecul ar weight distribution in the acrylic

pol ymer can be regul ated, for exanple, by suitably selecting the kinds and
propor t i divs esdmpteradoemns,or komohonnatkdenesit (©f., arospoleyingeipead lesin, pefroleiat or |

pol yneri zation conditions (e.g., reaction tenperature, reaction pressure,
and resi desigceounaehs rekinniddensdesshentyrerfe resin) ezayt berincaapated iyedeateireguleigct ur e of
a stirring unit. The weight average nol ecul ar wei ght, proportion of
conponentthe adhesivgpraperidsed an adhesivie Fgpposiipn ¢@RINI0Y theractybiapelymgnas thomaaul ar

wei ght distribution can be determ ned through gel perneation chromatography
(GPC) . Aladhesingh cermponsite s Jipsidess swai tackifieramsisi varigys ekngwad agjtives empy d€ess
descri bed above —may be used as_ jt is, various additives may be added

t her et o HBfoRQSalEd Sugh BoPlattisersolias .2 galsiugn Kot nd-Epel PR ST§Eknown or

common tackifier resin (e.g., a rosin resin, tegpepe. resin, pe | eum

resin, cdd én glgiay}gl(e} q,tg%r;qgrs.re Wm%?%a%th%f&égiaﬁié‘tlﬁw B‘ga‘H‘?gé‘?a%orat ed

in order tq regul ate the adhesive pro rtkﬁF'Of an adhesi ve conposition

contaipiﬁﬁ Wﬁ?ﬂﬁﬁ§§}98“ﬁﬁVVﬂ@Fpﬁ?“?f%? 1A "&dNEsi ve conponent. Besides such

tackifier resins,\Yaloyse kO RBdikhYSaTIo b NGO ROGAICFHC a5
e.é., calc rbona

pl asti ci zers, fil"?ers, ruam-c e ah Irnel’y powdery silica,
col or ant j ol %‘Bﬁr t : agdi tives
to be ad %%5%%§Mhh%a¥?¢ ggﬁgggs | ‘§$§%ﬂ§}§ %c$§?@£ﬂ%?%§§8?é-s ng???ve
adhesi vegdhdive s bk hiakié hat@RMheCRaRed taheQlPRE@l ed into the

pressure-sensitive adhesive of the present invention. By crosslinking the
acrylic polymer WHeherdsbéhkedgOgeht t6keBedo@@ e, selebted fraghe siidearag@ofli@owade to

have further enhanced cohesive force. The crosslinking agent to be used can
be sel ectossslinkiny aompalmds.anBepeahllk posfered examples thereof include polyfunctional
melamine compounds such as a methylated trimethylolmelamine, and polyfunctional epoxy
compounds such as diglycidylaniline or glycerol diglycidyl ether. The amount of the
crosslinking agent to be used is, for example, from 0.001 to 10 parts by weight, preferably
from 0.01 to 5 parts by weight, per 100 parts by weight of the acrylic polymer.

It is. also preferred to use a polyfunctional isocyanate compound. Examples
thereof include tolylene diisocyanate, hexamethylene diisocyanate, polymethylenepolyphenyl
isocyanate, diphenylmethane diisocyanate, diphenylmethane diisocyanate dimer, products of
the reaction of trimethylolpropane with tolylene diisocyanate, products of the reaction of
trimethylolpropane with hexamethylene diisocyanate, polyether polyisocyanates, and
polyester polyisocyanates. The amount of such an isocyanate compound to be used is, for
example, from 0.01 to 20 parts by weight, preferably from 0.05 to 15 parts by weight, per 100
parts by weight of the acrylic polymer.

The pressure-sensitive adhesive of the invention may be formed into a thin film.

This can be accomplished, for example, by discharging the adhesive which contains carbon

dioxide and is in a highly pressurized state into an atmosphere having atmospheric pressure



crosslinking conpounds. Especially preferred exanples thereof include

pol yfuncti onal nelam ne conpounds such as a nethylated tri nethyl ol nel am ne,
and pol yfunctional epoxy conpounds such as diglycidylaniline oerNWb@m@l

di gl ycidyl ether. The ampbunt of the crosslinking agent to be used is, for
exanple, fromO0.001 to 10 parts by weight, preferably from0.01 to 5 parts
by weight, per 100 parts by weight of the acrylic polynmer. It is. also
preferred to use a polyf nctional isocyanate conpound. Exanples thereof

i ncl ude tolylene diisocyanate, hexamnet hyl ene dii socyanate,

pol ynet hythemghtleyplienyfa di¢ sioby Beat &\ ltedhiatpvedy) pinmathduangy thiissdeliah adreprises

di phenyl net hane dii socyanate di ner, products of the reaction of

tri met hyl ddppsepizing thiet polyrobiy lteetlee @dimhasplegyisn prtessurey r wbisequentlyf retliseolyisgdhé on of
trimet hyl ol propane wi th hexanet hyl ene diisocyanate, polyether

pol yi socypmamersn anqezanissplyeritsueh prolblyerey end frameng, the brdutioroniata thin Hochy an

i socyanate compound to be used is, for exanple, fromO0.01 to 20 parts by
wei ght , pleeiiqusietetalpigrin s 5-&.dol sogiiaet sFustheaergthe pisssurergppsitiyrapdhgsiig wei ght
of the acryljc polynmer. The pressure-sensitive adhesive of the invention may
be for medmhpoarpliehyanyiof pariougfpraed sichige, %@@@&ﬁ%ﬁé@ﬂe Rreffuced, Bty ingy

di schargi he, adhesi ve i.ch contains carbon dioxide and is ip a highly
pressuri ngga Ve Of AROOTEAC ﬁlﬁifb%fcﬁﬂﬁf’ VAU WS%WE%@rHaBerp‘i‘%‘é"é’M?‘éPaQ“% 8 Nov
2005 through the orifice of .a die.or the_.like, Afernatively, a nethod nmaybe
Gsed whi ARG praS abd ALl S Ay matsHIS et bR eltEnduphert ¢ S
pressure, bsequent |y redi j o] c LC | vent such
De T of or P BRERHShh ERLADG ) BE abilfe "8 iR dh R et L

her et of or g8y Sor h&vif gﬁ@hhm&ﬁ i Nng. Furthernore, the pressure-sensitive
adhesive may be appY|%8 In any of various fornmed such as, e.g., an adhesive

tape produced by BEBleYthd PreshliesRAGARS hatRsi08 1@@? f@he® 36 MnSdddee], AP
vari ous substrates such as paper, nonwoven fabrics, plastic sheets, and

foaned sherhs paerfop e 18 iQghipied, e deaNie holyaet Behsttughy/ @B alitikivk RYSSmMAaY ba
substrate-| ess adhesive tape produced by applying the adhesive on a rel ease
paper to duitebly arosslmiiéresiThes dragsBnkifipeantty @cghplshed, forodsample, by a drying step
after coating or by the step of light irradiation or electron beam irradiation after the drying step.
Since carbon dioxide is used as a diluent in the present invention as described
above, the diluent volatilizes upon pressure release after the polymerization. Consequently,
the step of drying with an oven or the like can be simplified. The use of this diluent is
preferred also from the standpoints of energy saving, etc.
According to the present invention, since carbon dioxide is used as a diluent and a
monomer component comprising an alkyl (meth)acrylate is continuously polymerized under
specific conditions, an acrylic pressure-sensitive adhesive can be obtained which comprises a
homogeneous polymer reduced in the content of low molecular weight components and
having a narrow molecular weight distribution and which has excellent pressure-sensitive
adhesive properties and is less apt to foul adherends.
The present invention will be explained in more detail by reference to the
following Examples, but the invention should not be construed as being limited thereto.

Hereinafter, unless otherwise indicated, all "parts" and "percents" are by weight. The

average molecular weight and molecular weight distribution of each polymer obtained were
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Before the pressure-sensitive adhesive |layer fornmed on an adherend,
substrate, release paper or the like is applied, the acrylic polyner
constituting the adhesive | ayer may be suitably crosslinked. Thi& NOV 2005
crosslinking can be acconplished, for exanple, by a drying step after
coating or by the step of light irradiation or electron beamirradiation
after the drying step. Since carbon dioxide is used as a diluent in the
present invention-as described above, the diluent volatilizes upon pressure
rel ease after the polynerization. Consequently, the step of drying with an
oven or tdeeerinired by & foBowingpletfoded. The use of this diluent is preferred

al so fromthe standpoints of energy saving, etc. According to the present

i nvent i oAveageddoleauliyoeightoxi de is used as a diluent and a nonomner
conponent conprising an alkyl (meth)acrylate is continuously polynerized
under specific cOrdiveiagnsolegraavgightivas preasisert ey g peimeatien duoraatpgreptvan be
obt ai ned which conprises a honogeneous pol yner reduced in the content of

| ow nol ecindgplcpleted ier stvdmd melyssteahd havi ng a narrow nol ecul ar wei ght

di stribution and_whi ch, has excellent pressure-sensitive adhesive properties
and is | I 1 st ends. The present invention will be expl ained

in nore detail by reference to the follow ng Exanples, but the invention
shoul d not be con@%err{}éﬁcug?g "Y?ég%ﬁ@’a? mEstisd oyigs mgatlo%ﬁr@pﬁg)gfagpy, A s s
ot herw se,.i ndi cated, all parts". and." cents" are by weight.. .The average
ol ecul arSEPSRR nfipraside R StdRgrte B LT S helEi Stsighds by a nod
were 10 ][\Ig)\/ 0 rm Y e follow ng nethods. Average Ml ecul ar
Wi ght Tﬁ‘ﬁ&e?géggﬁnoqq%%ﬁ awre[@\g@g%n[vf“g/as measured by gel perneation
chromat ography and cal cul ated forpghagsergq pol ystyrene. Ml ecul ar Wi ght
Di stribution The nol ecul ar wei ght was nmeasured by gel perneation _
chromat ography, afghihli&s SHiahérRHn RBctbS s BSERA 11 Wad 8elBioOprolite 4mati o of
t he wei ght average nol ecul ar weight to the

acrylic pressure-sensitive adhesive.

A monomer/initiator mixture prepared beforehand by mixing 80 parts of
2-ethylhexyl acrylate, 20 parts of acryloylmorpholine and 0.1 part of azobisisobutyronitrile
(initiator) was introduced into a reserve tank 1. The monomer/initiator mixture was
pressurized to 15 MPa with a high-pressure pump 2 and continuously fed to a junction block 4
equipped with an in-line mixer, while regulating the flow rate of the mixture with a needle
valve 3.  On the other hand, carbon dioxide supplied from a carbon dioxide bomb 5 was
compressed to 15 MPa with a high-pressure pump 6 and continuously fed to the junction
block 4 equipped with an in-line mixer, while regulating the flow rate of the carbon dioxide
with a needle valve 7. The monomer/initiator mixture and carbon dioxide fed were
uniformly mixed in the junction block 4 equipped with an in-line mixer and then fed to a
tubular reactor 8 (length: 2,000 mm; inner diameter: 10 mm) in which temperature control was
possible by heating or cooling with a jacket. The temperature in the reactor 8 was kept
constant at 70°C. The monomer/initiator mixture and carbon dioxide fed flowed
continuously through the reactor 8 over a residence time of 70 minutes, during which
polymerization proceeded to produce an acrylic polymer. The polymer produced was

continuously discharged together with the carbon dioxide through a pressure-holding valve 9
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nunber average nol ecul ar weight (M/M). EXAVPLE | Continuous pol ynerization
reactor shown in Fig. 1 was used to produce an acrylic pressure?&ddsiltlbve
adhesive. A nononer/initiator m xture prepared beforehand by m xing 80 parts
of 2-ethyl hexyl acrylate, 20 parts of acryl oyl norpholine and 0.1 part of
azobi si sobutyronitrile (initiator) was introduced into a reserve tank 1.
The nmononer/initiator mxture was pressurized to 15 MPa with a

hi gh- pressure punp 2 and continuously fed to a junction block 4 equipped
with an in-line mxer, while regulating the flowrate of the mxture with a
needl e \afoveedel. OTht habat diexidheatdischangbd Hraligh rigdemsigpiol headure its rolamear bon

di oxi de bonmb 5 was conpressed to 15 MPa with a hi gh-pressure punp 6 and
cont i nuouleyratecef dischatge gfpathon shoxids wek dacrguedfer Wptt volamei nlhe rige of xer
while regulating the flowrate of the carbon dioxide wth a needle valve 7.
The nonorfscharee of the pelymiex way &0 aing andotbp rale ekdisharee @f garben dighide ovasily) ni xed
in the junction block 4 equipped with an in-line mxer and then fed to a
tubul ar” r@a&8xor 8 (length: 2,000 nm inner diameter: 10 mv) in which

ompertur e Son (6l Li25y RGBT e S T
oo e 50 SEBRRE S RO
Gk T R T R R R
oS OB il SRR e st The coron G o

di scharge of carbon dioxide was degteAwpieg2f rom that volunme. The rate of
di scharge of the polyner was 1.0 g/mn, and the rate of discharge of carbon

di oxi de was 0.9 TfeMNafhe fScelurt @S Uh BxaPleal sk icendiRled Bicepathhingn paebaht
aver age nol ecul ar wei ght of

2-ethylhexyl acrylate, 20 parts of acryloylmorpholine and 3 parts of acrylic acid were fed as a

monomer component together with 0.1 part of azobisisobutyronitrile, the pressure was
changed to 20 MPa, and the temperature and residence time in the reactor 8 were changed to
60°C and 100 minutes, respectively. The rate of discharge of the polymer produced was 1.0
g/min, and the rate of discharge of carbon dioxide was 1.0 g/min.

As a result, an acrylic polymer having a weight average molecular weight of
2,460,000 and an M,/M, of 4.2 was obtained. The conversion of the monomers was 83.5%.
In this polymer, the proportion of components having a molecular weight of 100,000 or lower,
as determined from a molecular weight distribution curve, was 2.24%.

EXAMPLE 3

The same procedure as in Example 1 was conducted, except that the pressure was
changed to 25MPa, and the temperature and residence time in the reactor 8 were changed to
60°C and 120 minutes, respectively. The rate of discharge of the polymer produced was 0.8
g/min, and the rate of discharge of carbon dioxide was 1.0 g/min.

As a result, an acrylic polymer having a weight average molecular weight of
2,010,000 and an M,/M, of 5.64 was obtained. The conversion of the monomers was 90.4%.

In this polymer, the proportion of components having a molecular weight of 100,000 or lower,
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1, 790,000 and an MW M of 5.4 was obtained. The conversion of the nononers
was 90.1% In this polynmer, the proportion of conponents havi pg Nay mpisecul ar
wei ght of 100,000 or | ower, as determ ned froma nol ecul ar wel ght

di stribution curve, was 6.43% EXAVPLE 2 The sane procedure as in Exanple |
was conducted, except that 80 parts of 2-ethyl hexyl acrylate, 20 parts of
acryl oyl norpholine and 3 parts of acrylic acid were fed as a nononer
conponent together with 0.1 part of azobisisobutyronitrile, the pressure was
changed to 20 MPa, and the tenperature and residence time in the reactor 8
wer e changdeteindinedR&marfoldlr Weipht distribugapagid, was §.55%he rate of di scharge of
the pol yner produced was 1.0 g/mn, and the rate of discharge of carbon
dioxide was 1.0 g/ mn. As a COMPARATIVEEXAMPIB! ymer having a wei ght
average nol ecul ar wei ght of 2,460,000 and an MWM' of 4.2 was obtained. The
conver si on of theélleBanaprosedneesasiid Exémple Il rwas koslupted, \esexpt tHah&D prriopbbitylon of
conponents having a nol ecul ar wei ght of 100,000 or |ower, as determ ned
from a nuicetart and 0epagh vf atrdeylmbphplire were ueed asva sioRoRdRconPANRLtEe BreShe sanme
procedure as in Exanple | was conducted, except that the pressure was
changed twasZbiresd taiMbBaand earpert dipide wam dotrfed jodtbtsectoy Sreang thet teimperatanst or 8
were changed to 60C and 120 mi nutes, respectively. The rate_ of discharge of
t he pol yrAaf rgsidstieectivae indhe gactor 8gwere shangeditor 19eC pad %3/ BinusstesRsetinelyof Asdr bon
dioxide was_ 1.0 g/min. As a result, an acry|ic polymer having a wei ght

aver age rfeiWlichedfaciign game & runaviryodyg He &esinIaimy o favse galatiprs aphilki ned.

of comporINET R SFGIOL R A AER SR BF HB6% 000 0r | ower, 12 2 & NOV 2005
CONPARATI VE EXAVEL G R Ea e ARt P Seih i & PEr DS ARBBRCE,  except
that 80 BaLL SnPletPidthe invention as shown and described above may be made. It is intended
that such changes be included within the spirit and scope of the claims appended hereto.
This application is based on Japanese Patent Application No. P2001-227344 filed July

27,2001, the disclosure of which is incorporated herein by reference in its entirety.
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acrylate and 20 parts of acryl oyl norpholine were used as a nononer
conponent, the pressure was changed to 20 MPa and carbon dioxidf ﬁ@? @gt
fed to the reactor 8, and the tenperature and residence tine in % Z ctor
8 were changed to 70C and 90 m nutes, respectively. As a result, the
reaction canme to run away during the residence tine to cause gel ation, and
the polynmer produced could not be discharged fromthe reactor. It should
further be apparent to those skilled in the art that various changes in
formand detail of the invention as shown and descri bed above may be nade.

[t is intwiedIS AAIMEDHSchanges be included within the spirit and scope of
the cl ai ns appended hereto. This application is based on Japanese Patent
Application No. P2001-227344 filed July 27, 2001, the disclosure of which
is incorporated herein by reference in its entirety. 13 2 8 NOV 2005 WHAT IS
CLAIMED I S: 1. A Ipr akepscdsorfop mpoatiucing garancrglic \résswpisesitive eadhesisd twhieh
adhesi ve which conprises continuously feeding a nononer conponent

conpri si ngnptisdse estinanslyafdeging ¢ medrdojraec ropinpbrerd nubngansing natdleasti ale  alkyla
diluent to a reactor and radical -polynerizing the nononmer conponent under

t he condi(tietnandite zand earben atioxide of afcglumtao & reatiod @ndnatlical-polgmiedzng ¢het | ne of
fromlonger than 60 mnutes to 200 m nutes to thereby continuously obtain

an acr yl imonemes Samporsah sihddrvihe gemrbiiang of solepiperiuig carfraae 591 tocl093T yandra. 2. The
process as claimed in claim1, wherein the reaction tenperature is from
about 55 resdepoctimg of fra@ loase thag 68 snigytey a0 mingesiorherebygoatiajonsly whtainesi dence

time is froml.onger than 60 nutes tp, 180 mnputes. 4. The process as

cl ai med % aEWQFﬁfeiﬁmW?é’FléW?}a‘g’]&?lHe%H“RRHS“’(&?BPW EPYYBEE has | to 18 carbon
atons in the alkyl nmoiety. 5. The process as clained in claim1, wherein
sai d nonomer conponent conprises at |east one alkyl (neth)acrylate and a

monomer copoly ety 2 a[l% %r(;[cgs% S Ha&r@e’d in claim 1, wherein the reaction temperature is from

about 55 to 90°C.

3. The process as claimed in claim 1, wherein the residence time is from longer

than 60 minutes to 180 minutes.

4. The process as claimed in claim 1, wherein said alkyl (meth)acrylate has 1 to

18 carbon atoms in the alkyl moiety.

5. The process as claimed in claim 1, wherein said monomer component

comprises at least one alky! (meth)acrylate and a monomer copolymerizable therewith.
6. An acrylic pressure-sensitive adhesive comprising an acrylic polymer which
has a weight average molecular weight of 1,200,000 or higher and in which the proportion of

components having a molecular weight of 100,000 or lower is 10% by weight or lower based

on the weight of the whole polymer.

7. - The acrylic pressure-sensitive adhesive as claimed in claim 6, wherein said
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6. An acrylic pressure-sensitive adhesive conprising an acrylic polyner

whi ch has a wei ght average nol ecul ar wei ght of 1,200,000 or higher and in
whi ch the proportion of conponents having a nol ecul ar wei ght of ZADEDOMSor
|l ower is 10% by weight or |ower based on the weight of the whole polyner.
7. The acrylic pressure-sensitive adhesive as clainmed in claim®6, wherein
said 14 2 8 NOV 2005 acrylic polyner has a wei ght average nol ecul ar wei ght
of from 1,500,000 to 3,000,000. 8 The acrylic pressure-sensitive adhesive
as claimed in claim6, wherein said proportion of conponents having a

mol ecul arac¥ii géymef hab@QvaIER atiradeanSiecul & wedghbyf f6th 3100000 td NUET,0009. The
acrylic pressure-sensitive adhesive as clainmed in claim6, wherein said
acrylic polynmer has a nol ecular weight distribution (ratio of the weight
average nol ecul ar weight to the nunmber average nol ecul ar weight (Mv M)) of
from about 2.0 t@. 6T8e ad$lic pressure-sensitive adhesive as claimed in claim 6, wherein said

proportion of components having a molecular weight of 100,000 or lower is 5% by weight or

lower.
9. The acrylic pressure-sensitive adhesive as claimed in claim 6, wherein said

acrylic polymer has a molecular weight distribution (ratio of the weight average molecular

weight to the number average molecular weight (M,/My)) of from about 2.0 to 6.0.
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