; hi e3er oB6xTI L*159159* *@0002* ACRYLI C PRESSURE- SENSI TI VE ADHESI VE AND
PROCESS FOR PRODUCI NG THE SAVE FI ELD OF THE | NVENTI ON The present invention

.-relates to an acrylic pressure-sensitive adhesive useful a n
adhesi ve fo mmm“\ “lm pes or ‘sheets. The invention furtﬁmw,@mmm a
process for“wm e pressure-sensitive adhesive. BA E

| NVENTI ON Acryl Lgndas€ssur e-sensitive adhesives are excel |l ent i i35

pressure-sensitive adhesive properties such as tackiness and cohesive force

and in weatherability,, Qi{ i , G e j.ves are hence
extensively used as pﬁé&ﬂ?ggﬁggp@ésﬁg@%:&ﬁ%@ﬂg adhesi ves) for
foam ng the pressure- MPRQ@W@&R’@WH?@?’Q WILM ure-sensitive

adhesi ve tapes, | abels or sheets. Acrylic pressure-sensitive adhesives

heretofore in use conprise a copol yner obtained by copol yl neri zi ng one or

nore al kyl (neth)acryl ates, t } , Which are capabl e of
. ﬁﬁLﬂ]GFrf;l{IE IWW@N

formng a tacky polyner having a re rvely I'ow gl ass transition point,

such as n-butyl SRiOhaLR MenfoPlsis i bR Mk ahe.solihh s8ndRO AR Bavi ng 2

functional group, as acrylic aci roxyet acrylate, or
acryl am deg  @SadhBsiFeOfEP ARAVe BEVdrifee® TRE Mvaitior FhtRK AR 1§ apRRedsTort he
tacky polyner or to enhance internolecular force or inprove cohesive force
and W t h g@odRiMpITEE prestafe-Rasithlc\ddBaeeor vinyl acetate as a nonomer conponent
capable of formng a hard polynmer having a relatively high glass transition
poi nt. Such polyners for BAAEKEGROIUNDIOETHEINVENTHONSiI t | ve adhesives are
general ly produced by the solution polynerization nethod, suspension

pol ymeri zati on neAdiplic pressersskesitiye agidsivae ane zacellemt imptelssok-sengitiveyasthesivehe

sol ution polynerization method not only necessarily has a problem

concer ni riJoraiigssachnsiackinessand eehepiynforsand dewestherahility; o8 resfstaacy, stegelerount  of
an organic, solvent, but also is costly because pglyner isolation

necessi t ABESIERSHGYensh FXnL ey Usedras Prepsue-smsifikg hepivisrigacky @gl?ﬁswe% dPvent .
The suspepnsion pol ynerization . arid.enul si on pol rizati.on net s have a
i awback DREPE R IR 5B TrtaPeiohiie S bRy B ot | on
cones intg.the polymer and, hence, a pure polyner is difficult to obtain.
In addition, the suspension polynerization and enul sion pol ymeri zation

met hods are costl Yok grebdufe-eAditiel fibhe@RtsIERIdER hOkke TRMIPA RE&GRMIFReAL €T
shoul d be evaporated for polymer isolation. Furthernore since

pol ymer i zéhtiiadd Yy@WopdliBekitingwhe dRnmdsy Ayl Gn@h)R&5ldes a5 B8 $hdin sepaadesiticy by each
of those methods is usually conducted batchw se, the polynerization system
has poor @wveamblesf forming a/taekyi pohimen havinmal refatively lswuglhssamntidorpmiat sucleasand
mononer concentration. Because of this, increasing the conversion into

pol yrer rizbuyk acrylate gr diethulhedy] aeryiesuwih awangher avise e fonrtions graapduethes r educed
nononer concentration in _the ftf'jnal stage of the reaction results in

f or mat i orP<BHiccidadhrdarsiing (methperylairoprerchilanmids, a3 an eqraponart sgrvingdefarm ¢ pe

I bt aj. h i. i - iti d i ies. Us
o Thi s porolieieolscaas 3 B8 1Pk BORERY oods Snbetd Viepoent fuRoBl EYRa: t ho
armunt  of cchQIRCRFALRd bR Y ?Jo%&lhgrcgu&{) as%[}r&% %‘F Liﬁﬁ%getﬁtg aé 2Bfomer 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
conceming 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



'On the other hand, a continuous bul k pol ynerization nethod which conpri ses

using a single- or twin-screw extruder as a reactor to continuously

.. polynmerize nononmers to obtain a polyner has been proposed (see, for

exanpl e, Japanese Patent Publication No. 62-41532) in order to elimnate

t he probl ens described above. Since this nethod uses neither an organic

sol vent nor water nor other conponents such as an emnul sifying agent and

di spersant, it can not only attain a reduction in energy cost, etc., but

also yield a polymer containing no ippurities. Use of a continuous process

i s advant®ydiigs ot B8 cONFBomdPS  SHSRRNEIOR o RRIYMEAIEPY d1dd emilsion

pol ynmeri zati on, system c be easily regylated.so as to have even reaction

Condi &1 o IHRIZRIE ThePerRIaE, Agke YRRk %?ﬁmn&&@ww@ﬁ@r&rﬁ%ssﬁ%ésqw bi t ed,

and that since the pol rjizatj on system can be nmade t.a.have g .narrow

F emper at URYRZHIRSOTID RO e PRGN ST hG o ovh hOr I PO g

distributign c i deal | e obtained, Virtually. . howeyv the related-ai-t

cont | nuodsaBefeuriReY paSmer Rl R eriiot Rl ighopas G BeCases

where th ' ' ' ' the . .nononers 2
Ghd ﬁ?\fﬁ%ﬁ?ﬂlyﬂxreﬁga‘?ﬁg Thetid baYse ye? %mﬂ%e%@%@ﬁe@o%lﬁgel HJ&EPBE?

and the resu rncrease 1 n viscosi es tenperature contro

difficult, |ead %ﬂhﬁpﬁreﬂ %[&@%"%Xlgﬁﬁﬁﬁ%ibx? Tor NBERANG Qéiyl‘i’@gliegsﬂre%fens%]ey”er

nol ecul ar wei ght is ffic urthermore, use of a screw extruder as a
react or RRARGHvedyRAAPIAROsE Atholld isuSuafly EdrdGdéd badwsRNBE poIgh¥riAliddEySiahe t he
resi dence zone (dead space) arid, hence, by-products such as gels and

det er i or &ak Opoopr ©@hedsS ifepslyratrzafidid canditiu® ORI0E 0AsS tdReyiRE 4nd MhorAEt ai ned.
SUMVARY OF THE | NVENTI ON Accordi ngly, one object of the present invention

i s to praohchatrationac Bydause girthis,Snereasing rtiss donvezsiadinespolymerhesnhts monwideiseds a

pol ymer reduced in the content of |ow nolecular weight conponents and

havi ng a mealequdarweight distrihvtioneangiibe rdduced mbpames gorpaniragion inghe sl sfhge ofither age

nol ecul ar wei ght and whi ch has excel |l ent_ pressure-sensitive adhesive

proper t | dgaciay resulty iafarmpten pha fargs amewreefdaw Inolegular REAdugh; dsta hul B8 present

i nvention i i,de. r for.pr in he,
entio s to gégé de. a ?gcess 0 R oducij t he, ac

. ryli .
pr essur e-ROBTRTT OPRnCd SR IpRAECd RESShrersgRifty i Ranerion ks el tinelyBtts 1o
over cone . one or
mor e mondhariRdE sty Rkl RPN e, RERBERBe LR BhEN 00", O
react or taﬂ%@ﬁ&@x{di@’ia&é}. carbon di oxide as a diluent to radical-polynerize the
nononer s under speciTic conditions, then a polymer reduced in the content
of |'ow nol ecul ar Gﬁt@hﬁh&%&ﬂ?@%ﬁﬁaxﬁﬂﬂbﬂ@}ébi@ﬁeﬁzdﬂéﬁ Mol BB cAlprivgi ght
di stribution and a high weight average nolecul ar weight is forned and an
adhesi ve wingposndlé-an twiniselrwhadrudor @e hir&iior By @mthuioRisl$ @oletixemartbie:sd toe
properties and is less apt to foul adherends is obtained. The invention has
been conpibttied hdwgee e bebn prdposedi (sep, fThexamples dapiangsa\Pateni Bublioationi Nes a
process for producing an acrylic pressure-sensitive adhesive which

conpr i seH2cHBPninotreey tor elsningtg the piohlss rdeacsibeb AbAYe. cONgR this mgthed Useast one

al kyl (meth)acryl ate ah,d carbon dioxide as a diluent to r.eact or %nd
a

radi cal - P5TUSTARiCESaMS SPIENHOR BRSE DR ASE AURRONERTS 8chia an EBHigHying peenixn

tenperat uye of tfrtom 50tt 1ﬁOC a_n&i residence tti rrebotf fro | onger. than 60
m nut es. UPSGE e B8 oy AP adgslont B oo BEAP Ao SEHA Pt

Pr essur e- 3Gty Y6 ALY 1RO Sl pAGAY il SRRIMIRS iy e The Present
I nvention urf er provides alr acrylilc pre%sure-senSI. ve aghe5|ve

conpri si ¥ b & i ; i . wei ght
o 200 R, B e A T g

ol ecul arhaveieddl réktidd Qorfdittdn® rankl QWL HorrfatidiD ¥E Dyw-nRilddllfar @bmpenemE darsrd on the
wei ght of the whol e pol yner.

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



‘BRI EF DESCRI PTI ON OF THE DRAW NG The Figure is a schematic flow chart

showi ng the continuous reactor used in the Exanples; in which | : reserve
.-tank 2, 6: high-pressure punp 3, 7: ' needle valve 4: junction block with
in-line mxer 5: carbon dioxide bonb 8: jacketed tubular reactor 9:
pressure-hol di ng val ve DETAI LED DESCRI PTI ON OF THE | NVENTI ON Exanpl es of
the al kyl (neth)acrylate to be used as or in the nononer conponent in the
present invention include al kyl acrylates and nethacrylates in which the

al kyl grou as 1.tq 18 car.bon at.ons.. Specific exa t hereof include
et byl “acith BB esuo o R e B B b G S AL B e At ey
acrylate, | t .acry t hyl hexyl | at ctyl .acry nonyl
acryl at e,rulng\g or{é{cuglgrylh\fa%%nggy’ (%ﬂelgy{i]égggrflfﬁog,%%o 8%§Tlgraé’¥eﬁhgt 15, h@‘ﬁfﬁ“yﬁ

met hacryl 5ot ! Jrex hagk t t | .at e al kyl
(meth)acryla géorg’aﬁ%be ugééﬁvg%one“céér%algacg& Ox%u%lgrégfeﬁx?%{ Bc{}rlgr?gpgﬁ?ﬁgr eof .
Al t hough QAT TR Rfind B9RRAIdY |d afd, Witk 8- RS |8snd he only
nononer (s), tﬁoge maf/l be use cas tFuee {@%@coﬁpone’ﬁﬁ 11 ccou %g%?on W th

NDNONEr' S 4QRRIMBRpERRk Gerdehfd S alHOmogdRbEA ol IRoeSbidihed he copol yneri zabl e
nononers i nclude carboxyl -containing ethylenically unsaturated nononers

such as (neth)acrylic aci dASUMMARYVOFAHEINVEATION: acid, malefic acid and
fumaric acid. O those carboxyl-containing ethylenically 4 unsat ur at ed
nmononers, acryl i cAaordingly @r bbjedl eff thy preseheimbhteon Ehoserovide an acrylic

car boxyl -cont ai ni ng ethyl enically unsaturated nononers are inportant
conponent pressore-seusitivienaghesives sihichk eayergisésna tfodynpes| igdused 10t the comsrangf] v of t he
copol yrneri zabl e nmononers include various nononers known_as nodifying
nononer s Meleceryeight compensnts and baang 3 yasroxmelesula sveight distriiytion ang|a high er s
e.g., vinyl, acetate, styrenic, nononers such as styrene, cyano-containing
mononer s WEiGH gverager W’E?ﬁ?l?rr meight apdd Jenely hesiexssligntnBigesersensiliyg nadhgsive

(et h)acryl am.de qr _.acryl oyl norphol.i ne, hydroxyl - cont ai ni ng nononers, and
epoxy- con rgp‘?rﬁ‘ ﬁWS??@i{’Lt&%ﬂgd}%fe“fiﬁose nonomers can be used. Fromthe
st andpoi nt of adhgs| pert i t. . i |l e
nononers to be us@g&?{eg B egtfogﬁ?aébﬁggeﬂtplﬁ\%gﬁlﬁg&%gg&g% gﬁ’f"%ﬁsgggr r%dr?é{nﬁéﬁe{/)vei ght

of all noponRIRedieltilditig adfasival kyl (meth)acrylates. The polynerization
h

reaction can be conducted wth the aid of a polynerization initiator which

upon deconposi ti 08s gaRel atifensivelinRetigatlisé@bverdotielth@problemé Sdscrrnabale, use in
radi cal polynerization can be used. Exanples of the initiator include

or gani ¢ pehexbetasowdcthataghedione oz mple petomerdenmylising en talkyLitnydth)paylate iacke
cunene hydroperoxi de or |auroyl peroxide, and azo conpounds such as

2, 2' - azobtwkizwivalyyiedioi & readter togetlxr withshrbow diowideas & dillient toThdicakmpolymerief t he
initiator used may be the sane as, in the ordinary polynerization of acrylic
nmononer s. thEdponomers, prder specificnenditions. thanca gelyaien tésucsss Bythe coplepfeptalo, about

0.01 to 1 part. by .weight, preferably about 0. .05 to.Q.5 part b i.ght, per
100 par t sTBFeyler UER sPRaneblsang feves s R malsoreigth dsBRid Fie ¢ 6 be
used as %g'f giltuzg/relxtagé Qlofegl?laxp\{leef gh% W o4 a8 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.



is, for exanple, fromb5 to 2,000 parts by weight, preferably from20 to 900
parts by weight, per 100 parts by weight of all nononers. Although a
..diluent consisting of carbon dioxide only is usually sufficient, a small
anount of an organic solvent nmay be contained therein according to need for
t he purpose of inproving mscibility, etc. The reactor that can be used in
the present invention is not particularly limted so |long as the contents
present therein can be m xed, controlled with respect to reaction

havi ng ¢ he-excel | ok PretPieich) ARB-bO% ke, B Silc Bestigehdive, Mirsels

h . . : . i :
arount Cor “Hist R YD HOIERE! Rl o etk Qycr e ARARR 2B ABEED
easi |y re@gﬁ%d REGRAIE Snel (2 &&&t&%@%eﬁg_}ﬁ%ﬁ? EYn(ﬂ@cm%r («Bilgﬂﬁé/few@}()@@'aﬁss 'n

reaction itrons, the residence istrrbution, polfymerization

t enper at UpReflis ¥4 Ui or RARr bRE J)dﬂﬁ@%%ﬁt&%h%dl@ié\ﬁgm&[‘d a pol ymer having
a narrow nol ecul ar "'wei ght di stribution can hence be obtai ned; and the

acrylic nononers renmi NBRIERDESERIPTIONIGF THEEDRAWING i zati on can be
renmoved under reduced pressure by a continuous operation in the same
apparatus. An espEg Bplry iegschahapaowsclarnanphiag te dohpioeass 18éd inhke pr esent
i nvention conprises polynerizing the nononmers in a continuous flowin a

t ubul ar rEsghgdes; infkech engt h of the tubul ar reactor can be suitably sel ected
according to, for exanple, polynerization tenperature, polynerization
pressure, nononer l:gesspiemankat i on i n carbon di oxi de and radical initator
concentration. Besides tubular reactors, usable exanpl es of continuous
reactors incl ude 3i0nBigR-Pressure BYMR scr ew conti nuous kneaders and single- or
tw n-screw extrud rs.eéggo pr more of these may be used in conbination. In
the process of the pPEdERMenvention, the nonomer conponent conprising at

| east one al kyl ({(Etn%cél#%latq and car bon di oxide are continuously fed to
the reactor, and tH&HBH WERISBIEWESS s 1 adi cal - pol yneri zed under t he
conditions of at rom50 to 100C and a residence tinme of from
| onger than 60 mﬁ%&ﬁ?}SQQSgB%Bnut es. Although a free-radical initiator
nmay be supplied sgpakedgtubufaf RAULNE mononers, the general technique is to
mx the initiator beforehand with the nononers and feed this m xture to the
reactor. It is prefpessheehbldiigvaRei n-1ine mxer for mxing the nononer
conponent with carbon di oxi de be disposed at the inlet to the reactor so as
to feed a m xture of DEEAHED DRESCRIPATODOF THEE INBENTOONt enperature i s
preferably fromabout 55 to 90C, and the residence tine is preferably from
| onger than 60 i Bxamplestof thegtkyhineatiacsylatenby lee yseddsaar dbthg mopemerrompeneni? 0

m nutes. | n case where the reaction tenperature is |quwer t 50C, the rate
of react | BiS Beregb TV HoRRGEE RKiAgRHHes 2 weﬁlé%étewlﬁﬂﬂ Qfﬂlﬂ%@ hps

I ider | i i,S I [ 4 hi h
react on | S8R el c S ot S ot gh e oliB g At ey o
th i aking. t h ' ' 0
mnut os. ohAPUSRIRE SRR sl Binf baSh ABn ENAEDERNINGE sl

resi dencepdiNksyIgKe ‘ﬁ&%vr]]% 0 1Bi3H1S forht, H&g?%@:&ﬁ@:‘, Qollddyl B&Ylafe BLHR!

crosslinking occurs. e polynerization can be conducted i n carbon”di oxi de

regul at edms@a@slate?2-bRyRed] Rledaay e 284 octf1 et ATR). € Thbde@RyBRRM)acy14ids t 0 50

MPa (e.g., in supercritical carbon dioxide). The pol ynerization pressure
and t enpecatbenged@ynear as & gittakedtwdorsstethateoft eps according to need. For

obtaining a resin conposition having a narrower nol ecul ar wei ght
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



“distribution, it is effective to narrow the residence tine distribution. In
the case of using a tubular reactor such as a straight tube reactor, the

. residence tine distribution can be regulated by regul ating the dianmeter of
the tube ratio of the tube length to the inner dianeter (L/D), etc. In the
case where a single- or tw n-screw continuous kneader or a single- or

tw n-screw extruder is used as a reactor, the residence tinme distribution
can be regul ated by suitably selecting a paddl e or screw arrangenent,

di st ance . r and it r e &%faf'ni t he
process o@ﬁ?ﬁqg?égr%ggor{{?& %’na\gé’;f? I'?%rc]l lgg)aaﬁggl%}l}gi%{)%} éé)'i sﬁ1 ggee%lz%xyg I ullé%lt, and
one or no a

Feact or o oS ot A S 1 PR R ¥, ons.
Because OfhepBlyfef OtSthériethhIes o ¥oFelyheftdbR &Rt hAh® tarehdsbiiners

pol yneri zation tenperature and concentration can be nore easily nmade even

t han in theviedsGhodingHdroAREs foNachylRGREHES sdheilied afhediws Umel as VibyltdResmor e,
due to the diluting effect .of the carbon dioxide, the systemis kept in a

| ow vi scospt yingl adefate] BiyRuighasHomersadtings $threne epdno@bniehing heorogret sucthagasy. As
a result, not only the viscosity increase acconpanyi ng rapid proceedi ng of
react i on amylonilride, raumdeasoptanfing maxdnens) suchras limethjeerytantidedor dentloydinspholine, dead
spaces in the reactor, e.g., a reaction tube or screw extruder, cats be

el i mi nat ebydrexyl-pentaiping mendmers, and epdxyroentainglg radnomgrspr Adyiof thosuwbnameergyel s and
deterioration products. In addition, the process of the present invention
necessi t atalls bRelieHer Fameith standnoiy elgadlkesiysr ppatiesp dhe apough| ok hosthe

suspensi on pol ynerizati on nmethod, .enmulsjon 7 | yneri zat | on net hod, and
the |ike. COBOEAIFEZADS monRmIcEs to ﬁ@seﬂﬂ%w%@h@fupﬁﬂéo“%%ég@@ Parbon i et

provi de a nogeneous ,acrylic r rreduced in inpurity content aid in

t he cont ef a?lprfl Owwflggiﬂggﬂﬁa@ﬂbﬁfﬁﬁcmﬁems and having a narrow

o eoul ar el Nt SIS RMAR IR B6T W [BARESSY B SN 4 B RS VS,
Proper ti egithiis Wilsh GRMCGICYSpbRIoR SreRbrhits 2dResh¥e S ThfRoAEr bsnepitkeME! ¥ | ess
apt to foul adherends. Mreover, in the process of the present invention,

there i s pgicAlgRlm@izationRan Beused. J Hxafiple®bMBOnithtor WRIVIE orghdd paakiesisuoh t he
process i s advantageous fromthe standpoint of environnmental sanitation,
has hi gh ardbenedyl petoyide atideralnttyd ipaexie,cnsiene bdinateroaile oBlautoybpgpoade sixd of t he
present invention described above, an acrylic pressure-sensitive adhesive
conpri si ngzoaempevndsisuchs Ry2regobisisplayronitile enaanbpisisovalgrpsitilenei ght aver age

nol ecul ar wei ght of 1,200,000 or higher (e.g., from1, 200,000 to,

5,000, 000), pref etlfpapomtopd thes dmtiaiero used Zapobe @eso samh@si # Wsi exlinaRe

0% by wePUReARL L Per s EPRstiety TRsceEgile: (R agin Rl B A ne
i ght of : - Thi [ s
\Slrme? er agl %énﬁxglgy\gﬁ’cl#gp@gﬁ'gﬁ %mgﬁa{é’ﬁ?ﬁ d? %@?a;%[?ﬁ%o%tn@f[gt? i%(rjaélc')t:‘bgt egél}( V\’gjl% {:; I'IRO aver age

ol ecul ar ,WRIYNeidhPof IEmMMEMRES average nol ecul ar wei ght (MVM')) of from
about 2. Opt obg. Oelé Tﬂe wel ght average nol ecul ar wei ght, proportion of

conmponents havi ngTik ARduaceH B cadh@ivxidefto 5O Gse@@9a Bilucheie présest iffehisi| ar

wei ght distribution in the acrylic polymer can be regul ated, for exanple,

by sui t abisyfos examagle, fimnt Hieo K00cksarta byl weighp prdferatsip fiof 2000 00€ parts tyi welgland

anount of a polynerization initiator, polynerization conditions (e.g.,

reacti on panife patubye weigbtaaftdllononpness uAdhargl ardibendenosisting negarbdai didkidnd shape

of a reactor, and shape and structure of a stirring unit. The wei ght

aver age nomgdy nmall)ovéiﬂ%mem, prsoel emownf offancasggrimenttest may bagontained thersirar

wei ght of 100, 000 or_| ower, and nol ecul ar wei ght distribution can be

det er mi ne@Fcpding g Regdpr the pwrpeseiobimprAYiBERISHHEDSIE- (GPC). Al t hough t he

pressure-sensitive adhesive prepared t he process descri bed, aboye may be

Used as it is, varbgetdee gxswﬁgﬂ reREevaIRY} 8 gt naglrcsﬁgy figied s or o ng

to need. onmon, tacki fier..resin &'e.ga.é‘ a rosin
@ 17egl9

For exanple, a kpown or
esine i epR S e R drSHo T R Gmb: COUTRGHRPIFLSTHY oPb T or
styrene rgsin), ma e i.ncorporated inyorder, to requl ate the adhesiv
properti e'gmé’F‘)a%‘he’MS@F\‘)&"“E@A{?B&@‘F@OnP%:"*S"r{{egirﬁ"i%& ﬁ8“e§§1ﬁ‘)}‘f‘$ (Ehep%(lcélﬁgf as the
mai n adhesi ve conponent. Besides such tackifier resins, various known
additives may be incorporated, such as plasticizers, fillers, e.g., calcium
carbonate gild finely powdery silica, colorants, and ultraviol et absorbers.
The amount of each of such additives tD be added may be the swine as in
ordinary acrylic pressure-sensitive adhesives. A crosslinking agent can be
incorporated into the pressure-sensitive adhesive of the present invention.
By crosslinking the acrylic polymer Wth the crosslinking agent, the

N




I't is also preferred to use a pol yfunctional isocyanate conpound. Exanpl es
thereof include tolylene diisocyailate, hexanethyl ene diisocyanate,
.. pol ynet hyl enepol yphenyl isocyanate,' di phenyl net hane dii socyanat e,

di phenyl net hane dii socyanate di mer, products of the reaction of
trimethyl ol propane with tol yl ene diisocyanate, products of the reaction of
tri met hyl ol propane wi th hexanet hyl ene dii socyanate, polyether
pol yi socyanat es, and pol yester polyisocyanates. The anpunt of such an

i socyanat g. ' f e, 1.0 ts by
wor bt SPUEETERHE tod S B pleham oy SRS, U BTSSPt BBl Y
of the a i N ¢ 1t i 1 hee | ntion
of  he b RRIMIRE: oTHEc ARG rSE S ARSI Pl LAMEN! | 07
di schar gi fghdnts @ABEAHS reftived) HEOREAhO SysfeRl 3R Be stﬂ%hﬁ_@e BV Svehfbs@inhi ghl'y
pressurized state into an atnosphere having atnospheric pressure 9
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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



The nol ecul ar wei ght was neasured by gel perneation chromat ography, and the
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m nut es, respectively. The rate of discharge of the polynmer produced was
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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
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respectively. As a result, the reaction cane to nut away during the
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Inits entirety. 13 WHAT IS CLAIMED 1S: 1. A process for producing an

acrylic pressetasHonstlidsive rrebeates Wachat ¢bhesReIbics ahd CaRtdRURWE! adf Redi ng a
nmononer conponent conprising at |east one al kyl (neth)acrylate and carbon
di oxi de astremeély legespt td oubadher@ndsor and radi cal - pol yneri zi ng t he nononer
conponent under the conditions of a tenperature of from50 to 100C acid a
resi dence tune ofMdreon,|iotdgarodeksact 6O presant irngention, BAE isTho neeisoftwing rer eby
continuously obtain an acrylic pressure-sensitive adhesive conprising air
acrylic Mayiﬁeﬂplvem.orwwr-préy@@wemb’, thearoress i adventagagps fromtike sandpeinteofr eact i on
tenperature is fromabout 55 to 90C, 3. The process as clained in claiml,
wher ei n tCRETGERentab K ationlas i@hfpgty}yp’qn@wg@}d attains a cost reduction.

By the process of the present invention described above, an acrylic
pressure-sensitive adhesive comprising an acrylic polymer which, for example, has a weight
average molecular weight of 1,200,000 or higher (e.g., from 1,200,000 to 5,000,000),
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 (M,/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 1o need.



than 60 mnutes to 180 mnutes. 4. The process as clained in claiml,

wherein said alkyl (nmeth)acrylate has 1 to 18 carbon atons in the alkyl

. noiety. 5. The process as clained in claim1, wherein said nononer
conponent conprises at | east one al kyl (neth)acrylate and a nononer

copol yneri zable therewith. 6. 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
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wherein said
incorporated, such as plasticizers, fillers, e.g., calcium carbonate and finely powdery silica,

colorants, and ultraviolet absorbers. The amount of each of such additives to be added may
be the same as in ordinary acrylic pressure-sensitive adhesives.

A crosslinking agent can be incorporated into the pressure-sensitive adhesive of
the present invention. By crosslinking the acrylic polymer with the crosslinking agent, the
adhesive can be made to have further enhanced cohesive force.

The crosslinking agent to be used can be selected from a wide range of known
crosslinking compounds. Especially preferred 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



acrylic polyner has a nol ecul ar weight distribution (ratio of the weight
average nol ecul ar weight to the nunber average nol ecul ar weight (MVWVM')) of
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technique heretofore in use, e.g., roll coating. Furthermore, the pressure-sensitive adhesive
may be applied in any of various formed such as, e.g., an adhesive tape produced by applying
the adhesive on one or each side of any of various substrates such as paper, nonwoven fabrics,
plastic sheets, and foamed sheets to form an adhesive layer having a given thickness or a
substrate-less adhesive tape produced by applying the adhesive on a release paper to form an
adhesive layer having a given thickness.

Before the pressure-sensitive adhesive layer formed on an adherend, substrate,
release paper or the like is applied, the acrylic polymer constituting the adhesive layer may be
suitably crosslinked. This crosslinking can be accomplished, for example, 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

10
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Average Molecular Weight

The average molecular weight was measured by gel permeation chromatography
and calculated for standard polystyrene.

Molecular Weight Distribution

The molecular weight was measured by gel permeation chromatography, and the
distribution is expressed in terms of the ratio of the weight average molecular weight to the
number average molecular weight (My/M,)).

EXAMPLE 1

Continuous polymerization reactor shown in Fig. 1 was used to produce an
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

11
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into a vessel. The carbon dioxide was discharged through a gas meter to measure its volume.
The rate of discharge of carbon dioxide was determined from that volume. The rate of
discharge of the polymer was 1.0 g/min, and the rate of discharge of carbon dioxide was 0.9
g/min.

As a result, an acrylic polymer having a weight average molecular weight of
1,790,000 and an My/M,, of 5.4 was obtained. The conversion of the monomers was 90.1%.
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 6.43%.

EXAMPLE 2

The same procedure as in Example 1 was conducted, except that 80 parts 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,

12
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COMPARATIVE EXAMPLE

The same procedure as in Example 1 was conducted, except that 80 parts of butyl
acrylate and 20 parts of acryloylmorpholine were used as a monomer component, the pressure
was changed to 20 MPa and carbon dioxide was not fed to the reactor 8, and the temperature
and residence time in the reactor 8 were changed to 70°C and 90 minutes, respectively. Asa
result, the reaction came to run away during the residence time to cause gelation, and the
polymer produced could not be discharged from the reactor.

It should further be apparent to those skilled in the art that various changes in
form and detail of the 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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WHAT IS CLAIMED IS:

1. 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.

2. The process as claimed 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 alkyl (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

14



©-10 10 10=10%&' ()- &910%& ()- S5109%& ()-s3! 10%& () - EqqqqDrr r dEnbC! !

10z99g109&' ()-L! 109 ()- 109& ()-L -10%& ()-9@ 10%& () -

109 ()-rrDrrrdEnbCl ! 10z99g10%& () -L! 109&' ()- 109& ()-L

=109 ()-9@ 10%&' ()-Y=10%&' ()- Nornmal" "Heading 13]c" "Heading 23]c"
"Headi ng 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"
"Headi ng 83]c" "Heading 93] c"A "Default Paragraph FonteQ 1G "CL

W dhnot vxz| ~LOgr | JKI

LM !* R+36+2#FMILX_cgj kbnpEar r LIMNOPORSTUVWKYZ[ AT A" 6Tj ES. New

RommnAr | SRR HORBORCEAG P REpHCUREI om0 o 30650l

" #B9R () *+,-./0123456789: ; <=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\ ] *_"abcdefg
8. The acrylic 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,/M,)) of from about 2.0 to 6.0.

15



