PRESSURE: SENSI TI VE ADHENSI VES Thi s invention relatgs to a
pressure sensitive adhesive (PSA) conposition and its application. Mre
speci‘fically, this invention relates to a PSA conposition including aqueous
pol ynmer di spersions derived from ethyl eni cal | y-unsat urat ed nononers i mthe
presence of a water soluble protective cglloid and to |t51&@g§aggghggﬁﬁmmﬁ
Normal | y, tacky, pressure-sensitive adhesives (PSAs) are us

manuf acture of a variety of articles such as adhesive tapeﬁmﬂ mmﬁ
materials which are intended to be easily attachable to an

by the application of pressure alone. Many adhesives preferably have a
bal ance of one or nore properti esessuke sessrvasgesTeEsS at t he tenperature of
use, adhesion (peel resistance), cohesion. (shear resistance), elongation,
elasticity, color clarity and col or

This invention relates to a pr'essure sensitive adhesive (PSA) composition and its
application. More specifically, this invention relates to a PSA composition including agueous
polymer dispersions derived from ethylenically-unsaturated monomers in the presence of a water
scluble protective colloid and to its applications.

5 Normally, tacky, pressure-sensitive adhesives (PSAs) are used in the manufacture of a
variety of articles such as adhesive tapes and other materials which are intended to be easily
attachable to another substrate by the application of pressure alone. Many adhesives preferably
have a balance of one or more ptopénies such as tackiness at the temperature of use, adhesion
{peel resistance), cohesion (shear resistance), elongation, elasticity, color clarity and color

10 stability, and resistance to sunlight and other ultraviolet and degrading radiation sources.
Maintaining the requisite balance of such properties while improving one or more characteristics
of such PSA’s is both difficult and unpredictable. Any modification of adhesive compositions
which impx;d@eé one adhesive property may detrimentally affect one or more other desirable

—_——

properties. For example, it is difficult to improve an adhesive’s internal strength (cohesiveness
15 and shear) without reducing one or more other desirable properties.

Polymers of olefinically unsaturated carboxylic acid ester monomers have received wide
acceptance as PSA’s because of the relatively good balance of properties they afford in many
applications, Acrylic-based latices have found wide acceptance in the PSA industry because the
adhering performance of the PSA based on acrylic emulsions is such that they can replace less

20  environmentally fiiendly and more expensive solvent-based systems. However, the right
combination of pesi, tack, and shear alone does not guarantes success in the PSA market. The
industry is looking for better mechanical stability and iess foam tendency of the applied latices.

Prior to the present invention, water borme PSA’s were not mechanically stable and/or

tended to foam when they were being prepared. In industrial emulsion polymerization processes,
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stability, and resistance to sunlight and other ultraviolet and degradi ng
radi ation sources. Miintaining the requisite balance of such properties
whi l.e i nprovi ng one or nore characteristics of such PSA's is both
difficult and unpredictable. Any nodifigation of adhesive conpositions

whi ch i nproves one adhesive property may detrinentally affect one or nore
ot her desi r abl srfacpnte e edninealy usbdthepalarpplinsombitatiangvithl pdiyimericiprctective callnigs: ove an
adhesi ve's int %R@&acﬁ&ﬁ%@&ﬁéﬂsu(f&%ﬂ?ﬁﬁs%’lﬁﬂé&ﬁ h@n@eﬁm%éa&)m wmwsta&@dum ng one
or nore other desirable properti ners of olefinically

unsat ur at ed caltEsIN *E“%f@?"tﬂg‘@?{a@? G e S‘ﬁ"aeg'ﬁxr B & pRle hiPYEns et ept ance as
PSA' s because ﬁf’fadahﬁmﬂaﬁxaislemﬁax)ﬂmg!}mehaﬁyakmmeMt sqsitdppantl cap®s bivng ofif ford i n
many anpl | cat! eRfrodld ¥l lGinRias Cllvehdhd £ amazngsta@ﬂmmﬁ%g\m@%g&pt ance in the

PSA industry bec use ering per or mance o ed on acrylic
enul si ons is sHehenic geblittiaihe Bulpradetst ace | ess environnental ly friendly and
nor e expensi ve Sol i@mhowdanBhricasR that k. prekdfos0iiPdtectivie Belloitld af bii-stabilirets) saat | on of
peel , tack, and s ear ug&? gﬁ;}%ﬁg% mar ket .
The industry i g ﬁH%Lu?' ?"d?a’}*rg&ﬁgm C H?a &ﬁgﬁ"}/l"gm%gﬁes?f oam

t endency of théhykp‘ﬁl"ﬁ"wm’ﬁ%dlf@é%ﬂm including vinylpjopagiers; vigylimeponises @dlaafiactylisy ent i on,
wat er bor ngg P%@mwcﬁm&ylxcmhaaha&wclma&h&smét@fowaeeﬂd&doﬂ o foam when

they were bei ngxbrf%cro partiele sxzelvnth hn%g)ye%tr}{eélggll'cdes%llll | ard } pe:? %ce chdrd ertisltlg:n processes,

In emulsion polymerization processes of monomers comprising acrylics or styrene either

alone or in combination with other monomers, it i3 not always possible to use protective colloids
such as cellulosics or PVOH, as co-stabilizers. When prior art protective colloids are used in an
15  acrylic- or styrene-based latex systems, a high degree of flocculation occurs which manifests itself
in 2 lack of mechanical stability. This flocculation results from the high tendency of the protective
colloid to be incorporated directly into the reacting polymer chain. This phenomenon is
commonly known as grafting,
It should be understood that grafting in and of itself is not to be totally eliminated. A
20 minor amount of grafting does not cause flocculation; further, it improves stability of latex
systems, as has been known for a long time for the vinyi acetate copolymer latices. It is the
combination of excessive grafting and the possibility of interparticle bridging that are the causes
for coagulation. Interparticle bridging is not only determined by the amount of grafted material or
particle size alone, but is also dependent on the amount of water soluble polymer present in the
25  water phase, the molecular weight of the protective colloid, solids content, etc.
In any event, depending on the particular latex system, the lack of mechanical stability may
be overcome by using high levels of surfactant alox:e or in combination with protective colloid.
For example, in vinyl acetate-based systems, high !e.vels of protective colloid are used in
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-2- surfactants are commonly used either alone or in conbi nat irRfsheét ik Been Replaced
pol ynmeric protective colloids A drawback to this is that surfa

be used at high levels in order to obtain shear stable IaticestE&EM&]lﬁWH
econom cal and may have adverse side effejcts. For exanple, the

surfactants in |latex systems can have a negative effect on

wat er - sensi It Y EMTb&&%rmﬂﬁ?&Qﬁmm&w&ba&H @&kmm@waif?uyfaq&nmai ﬁn, ~at |
conventional use levels, surfactant . npt i ct sufficient mechanica
stability to th&% %’gngr%ﬁﬁ&e%a@wﬁs"g’q"gf) g’v ellsé’@nomﬁﬁs}?mﬁe dfeﬁ’%r%ﬂafmﬁr art that
the presence of psblensalesciibpdabeysi | 0i ds as co-stabilizers, such as

hydr oxyet hyl cel | ul 0ggus(dieddlexifd18lthPBTAVndhstl herd e Mbiae)ebtRMWbikks id groRUI Si on

pol ymeri zatiqn of ethyl enigcally-unsatu ed nononer i ncl udi.ng vi nyl
NDNOMErs, Vi %yl ?%%'ﬁ‘é’rr%“ t?Wegfﬁ&né‘%e{sggs}‘fgaﬁ‘mrrp"%rﬁ%ﬁm V4RI ¢ esters,
nmet hacrylic esters _(i\lSSm&(iS&b@sﬁl@h&@wiepﬁtwwu&@tﬂeammwmtﬁolmm%l;ron
particle size WpierdidfPRIKRE e RRiMqRE bof fbauciml tieikds bdthe iR iR&LidnOT MRNCE
characteristics. I n enmul si On@fm %g%ﬁrl ggt i on_processes qf mononer s
conpri sing acryl i cs USFHET a2 BidP AL 7445108 PP SIRostiBREPPPIEeSI Y H° ot her
nononers, it is amichbajmahykelpios tatpbsses bxoellers alhpivate whan wderetsb hoibjs asweth as
cel [ ul osics jgr Es\/mv_eaﬁmqes%3@&&&@,@@;403\/8‘35@.&&@%3%&%9&&% ShLsivi@arCOl | O ds

are used in an acrylic- or. rene-based | atex systens, a high degree of
f1 occul ati on oc®&otgghyecAloatlrdt s itself in a lack of mechani cal
stabili ty. Thi s fl O(Aﬁdllxeﬁip:px@ithfoéﬁ!@inbr&inﬁic@ﬂdrhdﬁ&néﬂ!sy@hmt&ldﬁmiﬂwﬁﬂ.st he
protective col | gl 9 438 17552 RO6 SHEH oAby Righdofa lyBbfhobidiy il ' N9 POl yrer

chain. This phenone
hydroxyethylceliulose as a protective colloid.

15 Yet another appreach for polymerizing acrylic monomer systems, disclosed in CRAIG
“771, U.S. Patent No. 4,659,771, is to use, in addition to a protective colloid, from about 0.1% to
5% by weight of a substantiaily completely water-soluble conjugated unsaturated monomer such
as furoic acid, styrene sulfonic acid, and metal salts, amine salts, a_.mmonium salts and quaternary
salts of rosin and acids having 4 to 36-carbon atoms. '

20 The present invention is directed to a process for preparing a PSA composition comprising

i an aqueous emulsion latex system comprising:
a) a polymer of at least one ethylenically unsaturated monomer selected from the

group congisting of acrylic acid, methacrylic acid, butyl acrylate, methyl methacrylate, 2-
ethylhexyl acrylate, acrylic esters, styrene, vinyl ethers, vinyl, and vinylidene halides, N-vinyl

25  pymolidone, ethylene, C, or greater alpha-olefins, allyl amines, allyl esters of saturated
monocarboxylic acids and amides thereof, propxlene, 1-butene, 1-pentene, 1-hexene, 1-decene,
allyl amines, ally acetate, allyl propionate, allyi'!é'g:.tate, their amides, mixtures thereof, 1,3
butadiene, 1,3 pentadiene, 1,4 pentadiene, cyclopéﬁtadiene, hexadiene isomers; and b) an amount
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comonly known as grafting. It should be understood that grafting in
and of itself is not to be totally elimnated. A mnor anount of grafting
does not cause flocculation; further, it inproves stability of |atex
systens, as has been known for a long ti-me for the vinyl acetate copol yner
latices. It is the conbination of excessive grafting and the possibility of
interparticle sfctsiforgatifrog thelaiex gy ofayassolpficrroigriyarladivghe meisctlarr partici e
bridgi ng i S nNOtweizh of le€ aesbBit NEED0, Rylecteh RonaiOtiovp cafistigy efkcirigdynayieelviade oOr
particle size ol ong.Miherls kel Qe AERPAEN: sfftudililo AL uBh il er SOI UDI &

pol ymer present int P ase, “nol ecul ar wei ght of the protective
col 1 oi d, sol i dshyéremyetkyjsellulogs; ethyl hydroxyethylcgliylose, et eliylose, ¥ ndi ng on t he

Eart i cul aL Igﬁt ?&dr&MﬁBﬁ?lﬂub@?ﬁra@MO#ﬂﬁel“meﬂmﬁ& ackl) @b hlkali tngtalrity thereofover cone
y using hig vel s of .sucfactant alone,ar | ' e} i t.h,protective
col l oi d. For efMa@“fﬁhﬁvﬁ‘?’F’ sé’g' e %ﬁmge%‘-’rbas emﬁfgggr%%e?%tfrgsﬁ?wgb%crs of
protective coll ghiepelatinpwatrs sqliible piginates, casein, agar, natural and synthetic gums, partially and fully

- 3- conbi nat i ONyWhila s (RS ARIM), poktiviafide, polp@inyl birtidads,oely Gaetiienst, hi gh

| ev i i
evel s of surf aect;l';[e:?31 A dcaaLh%dnLég),egalatm and casein.

10 It has been unexpectedly found that the use of low molecular weight protective colloid in
emulsion polymerization of ethylenically-unsaturated monomer produces excellent mechanical
stability of the resultant polymer and that these polymers are useful in PSA’s. The combination of
the latices with tackifiers used in this field results in unexpectedly high shear strength of the
adhesive. The upper limit of the molecular weight of the protective colloid is about 75,000,

15  preferably about 50,000, and most preferably about 20,000. The lower limit of the molecular
weight of the protective colloid is about 5,000, preferably about 10,000 and most preferably about
15,000.

The present invention is particularly useful for acrylic or styrene latex systems. As noted
above, with regard to prior art acrylic or styrene-based latex systems, the use of commercially

20  desirable levels of protective colloid is not practical because of high levels of flocculation
occurring. The use of high levels of surfactant to overcome this problem can have a negative
effect on water sensitivity and causes foaming of final products. In addition, at conventional use
levels, surfactants do not impact sufficient mechanical stability to the final products, It has
unexpectedly been found that the use of low molecular weight protective colloid, in acrylic- or

25  styrene-based latex systems, permits reduction in the level of - or even the omission of -
surfactant. The final products have generally been found to have less water sensitivity, less
foaming, and greater mechanical stability properties as compared to the prior art systems.
Mechanical stability can manifest itself in greater ;hjg.lf life. Additionally, in PSAs, maintaining the

i et e
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al one. However, latices prepared with such high | evels of surfactants have

t he perfornance probl ens descri bed above. Thus, a need exists in the
PSA.industry to overcone the inherent drawbacks in prior art |latex systens

related to the use of high levels of surfactant or prior art protective

col | oi ds. USSN 08/ 553,007, filed 11/03/95, entitled "Cellul ose

Et hers in Enul mhx@hew;hcpnsadmatMﬂloﬂcmmfpmalm@dmsﬁebhni gues for
produci ng the ?Gg,g pliffed.t e i nstant i nvent i on. US Patents 3,928, 262
and 3,975,570 disclo

se PSA co osi tions risin a at e and
car boxymet hyl cel | ulTbrpeefpdae PR LT 8‘ aﬁ'&‘ﬁé@?"fe"ﬁék’?%«é’ﬁ‘cédhered to
an object as Mésbwa&nwamﬂwwyhimﬂdnaMyl dhibniie, prdfpyléaa bxddat mofiocBiBBcedd@id.di scl oses

pr eSSUT €= SegS1 LiVg BEIN b for HARBIN frobhBluc Ut R il Rind (icPa | 0f ds (O

13). AnGther appr oac ynmerizing acrylic nononer systens,
di scl osed in Ldgrivatives theef; haying aI‘EB’Wxﬂd%S“f’PS““"P‘é(D&PfH’@é 0 1qpbout §9:F0t504 by

wei ght of a hyg{eﬁﬁﬂpibb&abkoyabmﬂs fnior@ eyl aboty B0 foyibonel 4. Bliasle as a protective

col | oi d. a he . r.oach r | ZL.N crylic nmonomer
systens, discl mﬁmeﬁyc%ﬁﬂfedrem%%m%? "g&ﬁﬁaﬂ?)e’nt %u@f’%gg 771, is to use, in
addition to a paksomethyiceiulose hydpisthyl earsmmativisslivlose, hgop@omds by wei ght of a
subst anti aljpy @@mn&ﬁyﬁklhﬂo%@foxeaﬂWxﬁn@ﬂwlm%ﬁ&ym&&bmﬁﬂeﬂnmorTEI’ such

as furoic acid, ene | f cid, and nmetal salts, am ne salts,
amoni um sal t s 5 Hx’l’f ‘éc?'g(’ r}gpﬁu@s ‘of rosin and acids havi ng 4 to 36
carbon at ons. Hydroxwlyicgikl'esséﬁc) Fan oleorbe ot the Bydepryetby raler sphstitgtiopERess f or

preparing a Psﬁemmhmamm&dbmmg e RERBI WSouSIBLED o@D 5] sl Bofe SYSt em
conpri si ng: of at least one ethylenically

unsat ur at ed nnﬁfﬁﬁ@?’y'?@’fw& ??"8%% ﬁg?gr oup consisting of acrylic acid,
met hacryl i dsaci d, etayditiopaty, Wdstplwbicathpadulified qainloseethery Fan beused) Suitable
hydrophobically modified cellulose ethers are cellulose ethers which are further substituted with a
hydrocarbon having from 4 to 25 carbon atoms, in an amount by weight of the hydrophobically
modified cellulose ether from about 0.1% to about 3.0%, more preferably about 0.1% to about
2.0%.
20 A prefesred hydrophobically modified cellulose either is hydrophobically modified
hydroxyethylcellulose (HMHEC). Hydrophobically modified hydroxyethylcellulose useful in the
practice of this invention is a hydroxyethylcellulose which is further substituted with a
hydrocarbon having from 4 to 25 carbon atoms, in an amount by weight of the hydrophobically
modified hydroxyethyicellulose from about 0.1% to about 3.0%, more preferably about 0.1% to
25  about 2.0%. The hydroxyethyl MS of the HMHEC lies preferably in the range of about 2.9 to
about 4.0, more preferably about 2.9 to about 3.5.

e
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et hyl hexyl "acryl ate, acrylic esters, styrene, vinyl ethers, vinyl, and

vi nyl i dene halides, N-vinyl pyrrolidone, ethylene, C[err] or greater

al pha-ol efins, allyl amnes, allyl esters of saturated nonocarboxylic acids
and ami des thereof, propylene, | -butenes-l -pentene, | -hexene, ; -decene,
allyl amnes, ally acetate, allyl propionate, allyl lactate, their am des,
m xures thereof, 1, Qtherseliulgeiethers for gxampley hpticanhp wsprbin thig inventina as apmtestive,

CZ clo ]p fent ?di e‘nfe conbaexragli;}f@er_okﬁm !u':bl'se (BHEL) 1) ethlEehad¥aMIT}, methyl

-4- effective r. st abi in tex s a wat er sol uble
protective col ngEXW?HceguﬁrsreD@g%gﬁ%nrd%\'f\’/emlxﬁ’ﬁoﬁ%ﬁﬁqne@é@t han about 75, 000,
sel ected from the gOterpolyeerkirdes pdagaigfalsthardambeyed astpiprective palloidsdnthe pagsent

derivatives theggafion aR@bhBtedstRuRRNVds, gty 8 fl§ hybrolpad polywihgl Qebndrower | i mit

of about 0.7, hydroxye |.cel | ul ose, ethyl hydroxyethylcell ulose. mnethyl
cel l ul ose, net hy?‘y“ﬁ?'ﬁl‘%é( i Resr %@%@%‘}ﬁy&?&aﬁ 89 %‘F‘F%Wﬁke, d
pol y(acryl i c acigeehybving ethbriealeic aninpiridd), poln(ving pyriebidope) fwaterolitissgarch lael gelatinr ch

derivatives, Soqum, i ighaks, Aldtalsh, APk AOLMAGE Jdt es, water sol uble

starch glue, gelatin, water sol | '
synt het ? c gumg par tP{o&FtivglcoaﬂﬁisP up e%lplg;ec? gtanGaSm’ounct; egfvep fors?ag&ﬁon gp tLeur al and

10  latex system of the invention. In this context, an effective amount is the amount which serves to
stabilize the latex system during the aqueous emulsion polymerization and after completion of the
polymerization.

Particularly, the protective colloid concentration in the emulsion polymerization process of
the present invention can be varied over a wide range, with the upper limit being determined only

. 15  tobe economical and practical considerations based on what properties are desired in the final
product. It is preferred that the upper limit be about 5.0%, more preferably 3.5%, and most
preferably about 2.5%, by weight based on the total ethylenically unsaturated monomer content in
the reaction mass. The preferred lower limit is about 0.005%. A more preferred lower limit is
about 0,05, with about 0,1%, by weight, based on the total weight of the ethylenically unsaturated

;20  monomer content, being the more, preferred lower limit,

The protective colloid of the invention can be used either alone or in combination with
other protective colloids or surfactants. For example, the CMC derivative can be used as a single
stabilizer or in combination with one or more surfactants. An example of CMC as used in this
invention is available under the trademark “Ambergum” water-soluble polymers, types 1221 and

25 3021, marketed by Aqualon Company, Wilmington, Delaware. A suitable hydrophobically
modified hydroxyethylcellulose is available under the trademark “Natrosol Plus,” marketed by
Hercules Incorporated, Wilmington, Delaware. '
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hydrol yzed poly (vinyl alcohol), polyacrylamde, poly (vinyl pyrroli done)
poly (methyl vinyl ether-nmaleic anhydride), gelatin and casein.

has -been unexpectedly found that the use of | ow nol ecul ar wei ght prot ect | ve
colloid in emul sion polynerization of ethylenically-unsaturated nonomer
produces excellent mechanical stability of the resultant polymer and that
these polyners are udles iaccpifangsayith fis inpepione e AnpracS tiehareifsed inidis ingppiicaass aini t h
tackifiers used ieddt dnbléistlehitally whsatuted }nb@merraucum&ﬂea&ﬁdkxyed:mghessmaﬁaerst rength

of the adhesive. o ”% protective
colloid is aboutn%gg%%%%{arrée ra‘t])’%)mVe ?mgg a%%{ gcqa E b?tyl %Q?‘ér abl y about
20, 000. The |oweﬁneﬂrvl'mﬂtacrthlte:fwéthfmwéﬁmrmﬂhm!agh%eﬁof the prot eCtlve col | oi d

i s about 5,009, prefRigakihlyanp@Bithicallfinfitited MbholEShich bRibRIPHYEy Ye &0 Hhic 5, 000.
The present invent | S. par [ usef ul acr yl .or _styrene | atex
systenms. As not e‘fﬂ‘nL l\yme"za% Eeem%mg"“é&imécaﬁgeuéerd m%etpmgf:% 4tﬁsc:mv5’1rt‘°'§tyrene based
| at ex systens, tFrefef[PQefhwc:éit)wwgm%euedpqedmeéaﬂnwﬁp33 @bonsy ot ecti ve

colloid is not practsﬁaﬁnesfa@ﬁwﬁoma&hmeh@v&k& vaixeé,érm@uelnam,m&npccurrl ng.
The use of high 'lt?ﬁ‘y@\éi? g'é"wfag‘g})i nt Cto ovte[j‘g’g:1 th| 1§ m can have a
negative effect T PETREnE SIS Cu RS, 6‘8‘“ Fsﬁegl product s.
| n addi tion, 1&at wonedmbiocriakylicmids, knd wnilies themfwfdmeanﬂdend@mw«pfnpact

sufficient nmechani Caém:&iea,hyxlegt&svmctu@eammxcfmﬂ S akySforntate, iRIScaRe X pect edl y
been found that the use of. | ow nol ecu ar vve Vf‘ggtf-é{ﬂﬁc“ve coJloid, in

acrylic- or styr\%’f’(b""?ﬁ’é’%"cl‘“f‘%‘f“@?‘esw oy w4t EPIBR =™ he | evel of -
or even thée om sersase.of - surfactant. The f| nal products have generally been

found to have |ess waief, %&,ﬂéusm\éméexe,%}xeﬁymﬁepwemmqngstﬁ/b%ﬁ&henecham cal

stability properties_as conpared rror art st ens chani cal
stability caf manife¥f f%‘gl@f“‘?‘ﬁlp’&ﬂé?&‘tsé"ﬁ‘“%eﬁwlﬂe"f |‘1"ém'AcPa'}“t"F»6¥fé?P‘T“§7“°>| n PSAs,

mai nt ai ni Ng t he 1-hexene, cyclohexene and 1-decene.

Allyl amine and N-substituted allyl amines are examples of typical allyl amines.

Suitable dienes are butadiene, cyclopentadiene, and dicyclopentadiene.

Suitable allyl esters of saturatgd monocaraboxylic acids may include allyl acetate, aﬂyi

20  propionate and allyl lactates, and their amides, among others.

The polymers of the invex'l’ti(.m can be prepared from one or more of the ethylenically
unsaturated monomers. In this regard, it is noted that by the term “polymer” it is also meant
homopolymers, and copolymers that are polymerized with two or more different monomers.

For acrylic and styrene-based latices, low molecular weight CMC is preferred. For the

25  vinyl acetate-acrylate systems, low molecular weight HMHEC is used preferentially, but also low
molecular weight HEC and low molecular weight CMC can be used. When acrylic acid, or
methacrylic acid is used in the polymerization, the use level preferably is about 0.005% to about

'\—\___\
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-5- requisite balance of tackiness, adhesion, cohesion, and other
properties associated with PSAs is easily acconpli shed. The
preferred pol ysaccharide protective colloid is a water-soluble cellul ose

et her which has been derivatized with etshyl ene oxi de, nethyl chloride,
propyl ene oxi de, nonochl oracetic acid, e€tc., or mxtures thereof
Particularly pr etf/.,erns.egreafaay,eammmmmyiwaiywmwed(oﬂ&@omq:e,ﬁaw i vatives

t hereof, having a ca‘edb n?g gree of substitution (DS) of about 0.7 to
about 2.9, nore "prErery mer% t 0.7 to about 1.5, nore preferably about
1.0 to about 1. 4. S@lewbIOéthela\febigkyiﬂEﬂwyﬂdyéim alhsy wasitha tempexiturese g, Abtude et hyl

car ony rrez Eyfel :s(lsﬂclcmm @403 L can SehdRRnbEk AMlde %%e%tﬁ’n%ﬁhvel? qugQQSYr%st LA
car boxynet hyl cel | ul ose y ne ul o oxet hy
car boxymet hyf celSRFEYE - e@ldii‘? i&’h@F %"éﬁ‘r% y%?e‘ieﬁ%érl'zf’{ﬂ’osgée facor

affecting the degree of hardness and softness is the identity of the ethylenically unsaturated

monomers which are employed.
Different ethylenically unsaturated monomers contribute to hardness or softness in
different degrees, and are thusly known as “hard” and “soft” monomers. The relative hardness

10  and softness of different monomers are known in the art. The degree of hardness or softness of 2
polymer is accordingly affected by the hardness or softness of the monomers comprising the
polymers, and by the relative ratios of these monomers.

When making a copolymer latex system, the ratios of "hard” to “soft” monomer are
chosen so that a continuous latex film is formed at use temperature. In PSA applications, latices

15  are éommonly used with a high amount of soft monomer. Up to 100% of the monomer content
could be of “soft” origin. Styrene-acrylics can be made in the range containing from about
0.005% to about 70% by weight styrene in the formed copolymer. Vinyl-acrylates can be made in
the ratio range of about 1:1 to about 10:1, preferably about 7:3 to about 9:1, by weight of
vinylacetate/acrylate monomer.

20 Anionic, cationic, nonionic, arid amphoteric surfactants and mixtures thereof known in the
art may be used in the practice of this invention. Suitable surfactants include polyglycol ethers,
sulfonated paraffin hydrocarbons, higher alky! sulfates such as lauryl sulfate, alkali metal salts and
fatty acids such as sodium stearate and sodium oleate, sulfuric acid esters of fatty alcohols,
ethoxylated C, , alkyl phenols and their sulfonation products, such as nonylphenol ethoxylate

25  with 4-50 - more preferably, 10-20 - ethylene oxide units, ethoxylated C, , alkanols and their
sulfonation products and also sulfosuccinic aad esters such as sodium dioctylsulfocsuccinate;

these surfactants or emulsifiers are optional and are not always required, but when they are used,
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and di et hyl am nocar boxynet hyl cel | ul ose. Hydr oxyet hyl cel | ul ose
(HEC) can al so be used, the hydroxyethyl nolar substitution (MS) preferably
rangi ng from about 1.6 to bout 4.0, nore preferably about 1.8 to about 3.5,
still nore preferably between about 1.8 _@and about 2.9. Yet

addi tional ly, hydrophobically nodified cellul ose ethers can be used.

Sui t abl e hydr ophisiireprkseny inrmokinfs uselly offtonidl 106 £0% pisferably il 1 26%| ty wkight.based her s

whi ch are furth%ﬁthswmomm@ew?&ms thnmﬁpn@ew,me&&&m 4 to 25 carbon

atons, in an anount hydr ophob | G i fied cellul ose
et her from about O. %‘3’3?93 °TY<! 1B Py 55%'“&58\5?3‘6‘5f%t0 about
2. 0% Abpcleémmmumdmmmmedhyiqum@mfbsdl npedniepdddition vath either | S

hydrophobi calsl y iake Linfiloll Ytk Rl MGk Lith 36t Btk CE! |y

nodi fi ed hydroxyethy cel lul ose useful 1n the ractlce of this invention is
a hydroxyet hyl c&F Faffie e uieibigh shez, Wﬁé‘rﬁ%ﬁ?{eﬂW&d“%WW&s%’dr ocar bon
having from 4 t@e:%nmhhmml na&ablylmaﬁdsunamwmibomyﬁvab@him/ofmotebefembly

hydr ophobi cal | y (ji/f out{%g M@s{ﬁ §Ié§H%&§§ﬁ_Lr&{‘? gpog%w %Jﬁ@hgo about 3.

0% nore prefera toa I oX M5 of the
HVHEC |ies pref éshmcylvv?fafewed Mﬂg@éown%ﬂsﬁmad@d igthe a*t'ﬂawﬁ the fecmfrrc%
pref erabl y ainoutas ZmdetoDprafrerids, andamunt of from about 0% to about 60% - more preferably, about

50% to 60% - by weight of the initiator is added in the initial charge to the reactor. The
continuous addition of any reaction ingredient or ingredients is generally done over a period of
from about 2 to about 5 hours. The batch or delayed initiator or catalyst addition may be used,
although these variations are not necessary for the success of this invention.

15 In general, the monomers are polymerized by aqueous emulsion techniques at from about
20°C. to about 120°C., preferably from about 45°C. to about 95°C., in the presence of a free
radical polymerization initiator, particularly a water-soluble peroxide, e.g., hydrogen peroxide,
persulfates such as potassium, sodium and ammonium persulfates or, in some cases, perborates.
Other methods known in the art may a}so be used to polymerize monomers, such as, for example,

20 by using redox polymerization catalyst systems, such as potassium persulfate and sodium bisulfite.
The initiator is used at a concentration of 0.2 to 2.0% by weight based on the weight of the
monomer(s), preferably in an amount of 0.3 -1.0%.

The resulting product of the invention ig a latex system, including particles of the thusly
prepared polymer dispersed as a discontinuous phase in an aqueous continuous phase, and also

25  including the protective colloid. Latex particle size and particle size distribution can significantly
influence latex physical properties which affect application of the latex to a backing material. The
indicated particles preferably have an average si;é in the range of from 0.05 to 2 microns
depending on the type of PSA, backing material, .and desired properties. Similarly, latex viscosity
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- 6- . O her cellul ose ethers, for exanple, that can be used in this
I nvention as a protective colloid are ethyl hydroxyethylcellul ose (EHEC),
met hyl cel | ul ose(MC), nmethyl hydroxypropyl cel |l ul ose (MHPC), and

hydr oxypr opyl cel | ul ose (HPC). O has- pol ysacchari des and material s
that can be used as _protective colloids in the present invention are

et hoxyl ated st aﬁﬁwmngﬁﬂ%?e%‘dwﬂﬁﬁiwdaﬁ'ﬁ"‘FH‘P‘W“HWW&"SHGI yVvi nyl

al cohol , pol yac rd;dnb@ioraedhai cordnk(af the 14183} Al w(ttﬂ@t)ﬁﬁe&hﬂdmc aﬁnﬂdibabmﬂg etc)

pol yacr yl ates, pol y t:%%fps‘\%“’oﬁ\és‘“’ el enced "‘Xﬁf"a’%tg klrnral eflt anhydri de),

poly (vinyl pyrroI| D arch PR “wat er sol ubl e
al gi nat es, caselcmpoa'gaf mmmwampomdswmwe !gwem The tacking®¥ ot ect i ve

colloid is prsef Qﬁ@sh&yst@fmloﬂmmmm, b@ﬂodﬁ@%t)nn@ﬂlﬁg&&tldték‘ﬁysfeﬂrF&Ea@shﬂé bgation of
the | atex system of .t he ectlve anount is

the ampunt i o oeRtalt TR s ge o & AR EeieRF i B ieEG B! aqueous
emul si on pol ynerepablathe B @ heimedifiedtp cantsel the dasired chafteristve Otpofawremtn@mqeon

the suitability of PSAs are the ease of manufacturing of both the adhesive and the articles
containing the adhesive, and environmental and personnel safety hazards. The dispersion of the

10 present invention, therefore, must adequately wet the backing of an article to assure adequate
adhesive distribution, coverage, and bonding to the backing.

The latex system of the present invention has excellent shear stability. Consistent with the
previous discussion herein, it may be employed in latex PSA compositions. These PSA
compositions preferably further include at Jeast one tackifier, wetting agent, defoamer, and

15  preservative; yet additional components conventional for latex PSA formulations, including
thickeners, can be employed.

The use of solvents (other than water) is becoming more and more undesirable because of
the cost of solvents as well ag the expense and hazards involved in controlling solvent vapors.

Yet in certain instances, small amounts of solvents must be used in the aqueous system of the
20  present invention in order to control certain properties. |

All parts and percentages of polymer and tackifier used in this specification are by dry
weight unless otherwise indicated.

The invention is illustrated by the following Examples, which are provided for the purpose
of representation, and are not to be construed as limiting the scope of the invention.

25
ample 1

Water-based pressure sensitive adhesive (PSA) U usmg butylacrylate latex stabilized with low
molecular weight CMC (Invention).
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Particularly, the protective colloid concentration in the enul sion

pol yneri zati on process of the present invention can be varied over a w de
range, with the upper |limt being determ ned only to be econom cal and
practical considerations based on what prnioperties are desired in the final
product. It is preferred that the upper limt be about 5. 0% nore
preferably 3.5% antbpirsialsaier gsbilipnd prtinlpw melecolanypieht G v vt in 42%%ed on t he
total ethyl eni cRmuliticanSIRPYA adndQdFDVA TRt D03 o Ribkifielvedin WRpdisda,ahd 6% MaSS. The
preferred | ower, | it i Sed p05%.. A limt is
about 0.05, wi t%"‘%?&&'t’“‘°8.‘?g§)%"§/’g&‘gﬁ ‘ﬁi%?”%%gég‘“g{ﬁgibﬁ%}gﬁtg?%i ght of the
et hyl eni cal | y ufisersiopighassd|onyasinoservith pipftesing poins of 7RG (Taeelywoi ¥ pdest.er red | ower
limt. 5  Thfkend 6f eduledfcopOlaled)] d Of the invention can be used either

al one or in conbi naﬂ on with.oth e co %l %lrgfactants. For
abi'l'tZer or in

. [ .Qrat i ve | 1.0}d
exanpl e, the CMC def VT sé'ﬁ?lmggabg'?g’ﬂm é‘e %‘exsalmnsé‘lf‘érlh m:?ﬂ

conbi nati on wi t h onEheglessyrepensitiveigdhesive eygiation isRrescatedinBible 206fraCMC as used in this
invention is avail afl@xipiekiowt BRd tnkRCRERA b 2 PANRAKGHEIHusiNAkeBltex30hd I DI €

pol ymers, types. 1221 and 3021, narketed by Aqual on Conpany, W/ m ngton,

Del aware. A sui P4BI°® hydrophobi cal Iy nodified hydroxyethyicellul ose is

avai |l abl e umer the trademark "Natrosol Plus,"” marketed by Hercul es
| ncor porated, WI m ngton, Del aware. Example 2

Water-based PSA using butylacrylate latex stabilized with fow molecular weight CMC (Invention)

A butylacrylate latex stabilized with low molecular weight CMC was used in a PSA
15  formulation. The PSA was composed of 70% of latex, 30% of tackifier resin dispersion, and
0.6wt % (wet) of Lumiten® I-RA product. The resin dispersion is based on rosin ester (Tacolyn®
3179 product, marketed by Hercules). )
The latex composition and stabilization of the latex is set forth in Table !. The latex used
in this Example was the same latex used in Example 1. The PSA formulation was also exactly the
20  same. o .
The results demonstrated g:aod reproducibility of the PSA results when a different batch of
latex was used. The PSA evaluation is presented in Table 2, infra.

Example A
25  Water-based PSA using butylacrylate latex stabilized with surfactants (Comparison)
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-7- . Al so, in accordance with this invention, the nononers that are
used in this invention are at |east one ethylenically unsaturated nononer
such as vinyl esters or ethers, styrenes, and others. The acrylates that
are used in this invention are acrylic acig, nethacrylic acid, butyl
acrylate, nethyl methacrylate, and other acrylate or net hacryl ate esters.
I'n general, any et hyl| @isoed aifgsiverismilitiods 6dd AoV Einles 1 ahi2 @i uedd! TiRMddxhiyed MY be

cyclic, whi ch can, . HOhNITEL eaq,ﬁ&g?,teé&ﬁt&raaﬂhaf{mn%@m% Bibpe used in

the practice of t L nvention unsa urat ed
mononers i ncl ude EtRFeEiOnERjeees s Exagolo Bandy E’Gﬁ%““s""“hm”““‘ és of

sui tabl e nononers i ncmmmp:wino@&teeEuzssno:vshayadheaadr&m latibek aabhmaamﬁih wiwnyl i dene
hal i des, N-vi nyl PYLL, lv'/e?gﬂrﬁ){c et hlx ene o esrurrf UnudlsG L er al pha- ol efi ns,
allyl anines, ally SR P PR O E ADoKy T ¢ aci ds, and ani des

t her eof and d| enes and derivatives thereof “Suitable vinyl esters

I ncl ude aliphatic vinyl esters, such as ¥4 M sformate, vi nyI acet at e,

vi nyl propionate, i n | rat e
vinyl caproate an?yvr%gfp%%?gﬁuﬁa@m Hiex @Mﬁh lodvproge m°{’?§?‘?/" ‘i‘ﬁb@gl ncl ude
met hyl vi nyl vinyl ether and n-butylvinyl ether.

Sui tabl e C[err or greater al pha-ol efins include propyl ene, | -butene, |
-pentene, cycl opent enéb“tY'“FY@ié’éﬁ‘%S‘WI‘WHE’R@H@W%‘&@"‘ Wijdsed ina PSA

formulation. The monomer composition differs from that in Examples 1, 2, and 3 in the amount
of soft monomer used. The latex in this Example contained 95 wt. % of Butylacrylate and has,
therefore, a lower glass transition temperature than the fatex used in Examples 1, 2, and 3. The
15 PSA was composed of 70% of latex, 30% of tackifier resin dispersion, and 0.6 wt. % (wet) of
Lumiten® I-RA. The resin dispersion is based on the rosin ester, Tacolyn® 3179 product.

The results in PSA showed that the Ambergum® stabilized dispersions have superior
cohesive strength in comparison to surfactant stabilized or commercial latices as demionstrated in
comparative Examples B, CandD.

20

. e
I

Example 4
Water-based PSA using butylacrylate latex stabilized with low molecular (Mw) CMC (Invention).

A Butylacrylate latex stabilized with low molecular weight CMC was used ina PSA
25  formulation. The concentration of Ambergum® 3021 material in the latex was 2% of active
material by weight of total monomer. The monomer composition of this latex was equal to thatin
Example 3. The PSA was composed of 70% of latex, 30% of tackifier resin dispersion, and 0.6
wt. % (wet) of Lumiten® I-RA product. The‘}esin dispersion was based on Tacolyn® 3179 rosin

ester.

e

eet Has Beent Replaced

R

% THIS SHEET HAS BEEN
i REPLACED




Al'lyl amne and N-substituted allyl am nes are exanples of typical allyl

am nes. Sui t abl e di enes are butadi ene, cycl opentadi ene, and

di cycl opent adi ene. Suitable allyl esters of saturated

nonocar aboxylic acids may include allyl acetate, allyl propionate and
allyl lactates, and their am g‘?s, anong otherg. ~~ ~~ The polyners of the
i nvention can be prepdF&HErs ed gpat ¢ ergym” ptpplizeddisRersiops "5 P Ifins at ur at ed
nononers. | n thi Scohwigestrehgthiit comprinantoadfatidadablised brhemrbestahitici3@f gprpdrativd t 1S al so
meant hormpolyrreréqmagg Eqpphyners that are polynerized with two or nore

di fferent nononers. "7 For acrylic and styrene-based |atices, |ow

nol ecul ar weight CMC is preferred. For the vinyl acetate-acrylate systens,

| ow nol ecul ar swei ght HVHEC i s used pref exgipleiBal | y, but al so | ow nol ecul ar
wei ght HEC and | 2] ar. wei ght g\/%i1 C e : en j c.gcid, or
met hacrylic aci doiv:'?ﬁ&ss%go,ﬁﬁ;ﬂﬁem%% Ve |a%r§?q? lgﬁf(ﬂfiﬁ%’ T ‘éy\a/déqur'eg‘fcgr ably is
about 0.005% to about

A commercial butylacrylate latex (DL 322) was used in 2 PSA formulation that was
10 composed of 70% of latex, 30% of tackifier resin dispersion, and 0.6 wt. % (wet) of Lumiten®
I-RA product. The resin dispersion was based on Tacolyn® 3179 rosin ester.

Example C

Water-based PSA using a commercial butylacrylate latex (Primal EP 5560F product, marketed by
15 Rohm & Haas) (Comparison)

A commercial butylacrylate latex (Primal EP 5560F) was used in a PSA formulation that
was composed of 70% of latex, 30% of tackifier resin dispersion and 0.6 wt. % (wet) of Lumiten®
I-RA product. The resin dispersion was based on Tacolyn® 3179 rosin ester.

20
Example D
Water-based PSA using a commiercial butylacrylate latex (Acronal DS 3434X, marketed by
BASF) (Comparison)

25 A commercial butylacrylate latex (Acronal DS 3434X) was used in 2 PSA formulation that
was composed of 70% of latex, 30% of tackifier resin dispersion, and 0.6 wt. % (wet) of
Lumiten® I-RA product. The resin dispersion was based on Tacolyn® 3179 rosin ester.

Example S

30  Water-based PSA using butylacrylate latex stabxhzed with low molecular weight CMC
(Invention). '
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-8- 2% - nore preferably, about 0.05%to about 1% - by wei ght based on the

total ethylenically unsaturated nonomer content. Pol ynmers of the
invention with relatively high glass transition tenperatures -, e.g., about
S50[err]C to about 150[err]C - can be charagterized as "hard"; those With
relatively |l ow glass transition terrperatures -, €.g., about -100[err]Cto

about -3[err]C - can be characterized as "soft." A factor affecting the

degree of hardness ang, 5 ;dngmoanﬁﬁa&on@aaugg@am%;ssnmhe%mf.t,ssmally

£

unsat ur at ed nononers V\/f1 ch are e ZY’P rent et hx_ epical ly
unsat ur at ed rronoﬁ?fl“gere*iﬁﬁ’\tlf‘fhﬁl}}t“’é"’wa?? éﬂé’é‘%‘“b"f”%‘ﬁ’ﬂ‘é?%’“gieffeﬂi fipsabe

degrees, and are daeidlsy disgeRiomofagirogénaedrosinester With ©$oftening Pe0 KESOSC. Thblietex eI ative

har dness and Sof 0688, el [OLEN nBACRE Secdlc gl 1 Lhe art. The

degree of hardness or s ness or’ a po i'S acco |y affected by the
har dness or softness WSEI‘%'CPiﬁw@mméib%ﬁﬁ%ﬁﬂ‘yﬁ"he’mb&gmﬁa@”“aﬁd by the
relative ratios %&memmammnymgh cohddestrenpihleiaitanedrapi@iPgaer | at ex
system the ratios of"hard" to "soft" nonomer are chosen so that a
continuous latex filmis formed at use tenperature. In PSA applications,

| ati ces are conmonly used with a high afstmedof soft nonomer. Up to 100% of

the nonomer cNt eRerbRbld 1%aREng®hitylachBlellatex LB With RiwoRARr REghYEMCS can be nmade
in the range contwéatisag from about 0.005%to about 70% by wei ght styrene in
the formed copol yner. Vinyl-acrylates can be nmade in the ratio range of

about 1:1 to about 101’hl‘sam9 £dﬁ!sﬁ£ @QLMuoﬁPsQ;UJd in7}?:x§np§eg vﬁtp B Lxc&%&ign’ of MY Mgt Of
used. In this Example, Tacolyn® 1070 material was used as the tackifier resin. Tacolyn®1070
15  material is a dispersion of aromatic modified five Carbon (CS) resin. The latex used in this
Example was the same as the one used in Example 3.
This Example showed good compatibility of Ambergum®3021 stabilized latices with
various tackifiers. Again, an extremely high cohesive strength was obtained for the PSA.

20 Example 7
Water-based PSA using ethylhexylacrylate latex stabilized with low molecular weight CMC
(Invention).

An ethylhexylacrylate latex stabilized with ultra low molecular weight CMC was used in a

25  PSA formulation that was composed of 70% of latex, 30% of tackifier resin dispersion and 0. wt.
% (wet) of Lumiten® I-RA product. The resin dispersion was based on stabilized Tacolyn®2178

tosin acid. In Table 4, the latex composition is set forth; in Table 5, the properties of the PSA are

given.
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vi nyl acet at e/ acryl ate nononer. Ani oni c, cationic, nonionic, and ,
anphoteric surfactants and m xtures thereof known in the art nmay be used in
the practice of this invention. Suitable surfactants include polyglycol
ethers, sulfonated paraffin hydrocarbons, higher alkyl sulfates such as

| auryl sulfate, alkali netal salts and fatty acids such as sodium stearate
and sodi um ol eate, sUHifExampde sMuiedthe@bdaibﬁpaﬁlﬁlit)f dAnbergain® MR Détdilizee tati@scyithat ed

C err] al kyl phe Lh&k . phenol

ot hoxyl at o vi {1 e OB Blr Rt Rob g B ARME TicBE e A M P

et hoxyl at ed C[erF)] al kanol s and their sulfonation products, and al so

sul fosuccinic acid esters such as sodi um di bctyl sul focsucci nate; these
surfactants of enulsifiers are optional re not always required, but

when they are used, they are present in anmounts usually of from
0.1 to 5.0% preWéﬁefalB’reélP-‘b“Emﬂﬁ%mﬁw°'W%ﬂgﬁﬁﬁlatexl§é‘§@el ¥R%%-he total anmount

of the ethyl eni cal |y, unsat y gted TONOUEL &\ RLENPAL duedl5 sREYE5Su0i

a PSA formulation that was composed of 70% latex, 30% of tackifier resin dispersion with the

10 resin dispersion being based on stabilized Tacolyn® 2178 rosin acid, and 0.6 wt. % (wet) of
Lumiten® I-RA product.
In Table 5, the properties of the PSA are presented.

Example F
15  Water-based PSA using a commercial ethylhexylacrylate latex (Acron® V 220).

A commercial ethythexylacrylate latex (Acronal® V 220, marketed by BASF) was used in
a PSA formulation that was composed of 70% of latex, 30% of tackifier resin dispersion with the
resin dispersion being based on Tacolyn® 2178 stabilized rosin acid, and 0.6 wt. % (wet) of.
20  Lumiten® I-RA product. ‘ |
In Table 5, the propertieg of the PSA are given.

Example 8

Water-based PSA using ethythexylacrylate latex stabilized with low molecular weight CMC
25  (Invention).

An ethylhexylacrylate latex stabilized with ultra low molecular weight CMC wasusedina
PSA formulation that was composed of 60%, 70%, and 80% of latex and thus 20%, 30%, and

40% of tackifier resin dispersion. The resin dispersion was based on Tacolyn® 2178 rosin acid.
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Any known net hods of enul sion polynerization may be used, including batch,
sem - batch, or continuous and thermal or redox techni ques. Sem -batch
nonormer addition with either batch or continuous addition of the initiator
or catalyst is preferred. The pol ynerization can also be carried out under
hi gh shear, neaning that, for exanple, a Ioop'—’?'eact or can be used for

performng the react iR adfkiod Bridiol, 0.63/ voERY BtLuMiten IFONPredA bhs vSd) tnCraid)) tht
40% - nore prefera-bl){ about .1%t0 agq#t geg%th and npst preferaply from bout
5%t o0 about 15% - by H@FYHOER BN R AV ERICEIY *Unsat urat ed - nmonomer  or
monomers i s added in t he Ii Feble p.alle prohcatiegef the@SA preprpset®t or . Al so as a matter of

p[)ef er ggoc/e, agooa/mugt of _ﬁﬁ%ﬁ;mn?mu&ed&%&&mmﬁ s;@ﬁ&(eés, m,_%mlﬁmegoeg a;b,b?ﬁbmty
about oto 0 - by _wel ght t nitrator. I's eq,) e 1nitl.a
charge to the react oP.fA"T*ﬁ%"“EO lisf‘?gg’ﬁ‘imlfffcﬁ' el aeﬁygr}“ ai(‘:dk"‘is'(%'hwal‘sﬁ%t?me et
or ingredients is genkthaklevlsdbmbifigued. a peri od of ~“from about 2 to about 5
hours. The batch or delayed initiator or catal yst addition may be used,

al t hough these variations are not necessary _for the success of this

i nvention. In general, the nononers | ymeri zed by aqueous

emul si on techni ques aXatei-baasPal oditig eBifeilarctyi@e lateostabiizzd it} fnddecpr@eigpC@Cer abl y
from about 45[errjoC t(oveatizolit 95[err]C, in the presence of a free radical
pol ynmeri zation initiator, particularly a water-sol uble peroxide, e.g.,
hydr ogen peroxi de, per sulgaaihfifexyfddGiite Rex RBliRs Sith il |GOHdiddin: eight ERICORS used in a
persul fates or, in s cases er hor at es r ! hggart
may al so be used to %g?)ff’ﬁ%"?a:%%demﬁgﬁg’ rﬁé"?%e?°f§8°gh zi’saf‘gﬁ/{]o?g%%gﬁé@o%;s ogéi&ﬂg
redox pol ymeri zati on 4e%véthocer resip dispension. Toeresin dispersing vasbesed,pn mndified ydreppraon gpfi
sodi um bi sul fite. ;sTheuERUULESMBE 185prédS@ Wik hala HRGGE Pidk 8 75 mMeted byXickciles? 0%

by wei ght based on the weight of the nmononer(s), .prefg ly.in ap amount of
0.3-1. 0% Thé"’?-eléﬂ'rgf“i"ﬁgef’i’ff'a‘gﬁ?i‘t‘?ﬁgﬂ"-f‘&"é‘bfﬁ’s’sﬁ? %ﬁgf‘é"“é&f“%‘.‘%%b%ystem
i ncludi ng particl es ®ASPlisestdasrsdlly prepared pol ymer di spersed as a

di scontinuous phase i N an, FgHAOHSIEAB RN VR 88 Rrex BBLs B S &s e kel ng t he

protective colloid. Latex particle size and particle size distribution can
significantly mentioned in Example 11. :

20 In Table 6, the properties of the PSA are given.

Example 10
Water-based PSA using ethythexylacrylate latex stabilized with low molecular weight CMC

(Invention).
25

An ethylhexylacrylate latex stabilized with ultra low molecular weight CMC was used in a
PSA formulation. The PSA consisted of 60%, 70% or 80% of latex, and thus 20%, 30% or 40%
of tackifier resin dispersion. The resin dispersion was based on rosin ester (T acolyn® 3179). In
the adhesive formulation, 0.6 wt. % (wet) .of Lumiten® I-RA was used as well.
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i nfluence | atex physical properties which affect application of the |atex
to a backing material. The indicated particles preferably have an average
size in the range of fromO0.05 to 2 mcrons depending on the type of PSA,
backing nmaterial, and desired properties. Sinm,larly, latex viscosity

-10- can Iimt latex use in adhesive article manufacture due to the

i nfluence of viscosity opTatdemi Mex dingositidnlbgiverOthe late0lséddss doicdtiendf the bfex t he

| at ex) and wetting of gr}‘e .ag,glenleye article backing. The suitability
of PSA conpositions PEPST Genked primar | Isy by the tackiness of the
conposition. Therefore, WAeblefathpprensiipsofibaRSAjas peprated acky adhesi ve | at ex
system The tackiness and shear strength of ‘the PSA can be nodified by

controlling the | atex system For exanple, ﬁ%%@-g‘[ﬂ rolling the nol ecul ar

wei ght of the polynmer as well as the ingre in the latex, this wll
enabl e the PSA to beWatethadeil BIA usiog etyheyiesylateliptex siebfippd agth n gelaaleevdabt NG . O her
factors that influendeetti® suitability of PSAs are the ease of

manufacturing of both the %ﬂg&iﬁfﬁaxe&m&: sot1Eedih L] 15 motecular weight CMC was used in a
10 PSA formulation. The PSA was composed of 60%, 70%, and 80% of latex, and thus 20%, 30%,
and 40% of tackifier resin dispersion. The resin dispersion was based on modified hydrocarbon
resin (HERCULES DC950330, which has a softening point of 60°C, marketed by Hercules BV).
In the adhesive formulation 0.6 wt. % (wet)of Lumiten® I-RA product was used.
In Table 4, the latex composition is given; the latex used is the same as the latex used in
15  Example 11.
In Table 6, the propexties of the PSA are given.
This Example showed in combination with Examples 14, 15, and 16 the good
compatibility of Ambergum® 3021 stabilized latices with various tackifiers.
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contai ni ng the adhesive, and environmental and personnel safety hazards.
The di spersion of the present invention, therefore, nust adequately wet

t he backing of an article to assure adequate adhesive distribution,
coverage, and bonding to the backing. _is. The | atex system of the
present invention has excellent shear stability. Consistent with the

previ ous di scussion herein, it may be &fpledbyed in | atex PSA conpositions.
These PSA conpositions pref@;,@bsktmn;“rcu}%mg,ﬂp&%%@& ulegast one tackifier,
wetting agent, defoaner, and preservatlve yet additional conponents
conventional fog Reltei-ng——thiclkonors .. _can

enpl oyed. The msceaemmm;bmm&u{ ot herj t han mtm)uusmmm ng e
and rore undgsi f ahl ephagayse of the coglyeef ﬁ@g&eﬂgli%w%um%)t he expense
and hazards i nv |vec1 |1 CONTTOITTNG SOLVENT vapors. - vel TT Certart
i nst ances, smal PRS0 L (IR ciEit on any sstdm of

the present inyesiti BAMNAMGr der t 0 con®¥iep) |ciery Al |
parts and perceﬂfut ages of pol yner and tackiflﬂamﬁﬁm:ﬁﬁfgﬁbg"g‘ﬁ‘éﬂflcat on
are by dry wei gt NLess ot ner w se Tndrcar e "TTIVEMT T O 15

i | lustrated by 1 wa 2 i

of representatip:
i nvention. 10

The ratio of monomer is given by weight.
15 All concentrations of stabilizers are of active material by weight on monomer

Table 2
20 PSA properties at 23°C of the formulations
PeeltoPE* |  Peelto Shearto | Loop tack
Stabilization of the Latex | (N/25mm) cardboard 1 steel, 1kg PE
. (N25mm) | (min) (N/25mm)
Bxl Ambergua® 3021 (1%) s |19 Psee 6 >10000 5 |} SSese
Ex.2 | Ambergum® 3021 (1%) 19 PS 7{ >10000 61Ss
25 Ex A | surfactants 2 PS 14 822 5]ss
Ex3 | Ambergum®3021 (1%) 19 PS 4 2890 12
Ex4 | Ambergum® 3021 %) 18 PS 5 3420 13
ExB commercial latex 20 3 >2000 10
ExC commercial Jatex 20 PS 5 1000 12
30 ExD | commercial latex 0 PS 4 700 13

*+%  SS means slip stick
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Wat er - based pressure sensitive adhesive (PSA) using butylacrylate |atex
stabilized with | ow nol ecul ar wei ght CMC (I nventi on) A
butyl acryl ate | atex stabilized with | ow nol ecul ar wei ght CMC was used in a
PSA formulation. The PSA consisted of 70% of | atex, 30% of tackifier resin
di spersion, and 0.6% (wet) of Lumten[err] I- RA pr oduct

(di octyl sul fosucci nate, marketed by BASF). Theusgsin dispersion is based
on rosin ester with a softening point of 70[err]C. (Tacolyn[err] 3179
product, nmarketed by Hercul es | nbopepties PEAL} at 23°C using diffefdnetadkifiedX conpositi on
and stabilization of the latex are set forth in Table 1. infra The

pressure-sensitive adhesivg eval yati on i p paesentadh i p skabl ¢ Iqum'knﬁ ra.
Thi s Exanpl e shows? good shdar adhedidér of FEPSA <e@ertul atslon | us P’ﬂg [ he | at ex
of the N2Smm) | (N25mm) | Lkg(mun) | (N2S5 mi)
Ex3 Tacolyn® 3179 19} . 4 2890 12
Ex S Tacolyn® 64 16 4]  >10000 7
Ex. 6 Tacolyn® 1070 8 3 >10000 5
10
Table 4
Compeosition and Characteristics of the Latices used
15 Monomer Composition Stabilizer used in the Latex Const:lli:.(%)
Ex.7 EHA/MAA (95/5) Ambergum® 3021 (1%) 476
Dicyclohexylsulfosuccinate (1%)
Table 5
20 _
PSA Properties of the formulations
Peelto Shesrto Loop Tack
Stabilizatlon of the ‘;’"‘,2 hidee ‘): Cardboard | steel,1kg PE
(N/25mm) {min) (N/25mm)
Ex7 Ambergum® 3021 8 4 1700 6
25 Ex.E Commercial 8 4 600 6
Ex F Commercial 7 4 400 5
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I nventi on. Exanpl e 2

WAt er - based PSA using butylacrylate latex stabilized with | ow nol ecul ar
wei ght CMC (I nventi on) A butylacrylate |latex stabilized with | ow
nol ecul ar wei ght CMC was used in a PSA for Aation. The PSA was conposed
of 70% of | atex, 30% of tackifier resin dispérsion, and 0.6wt % (wet) of
Lumten[err] |I-RA product. The resin dispergpred i s based on rosin ester
(Tacolyn[err] 3179 product, narketed by Hercul es). The | at ex
conposition and stabilization of tESé Prapergiss of VarpetFofmpridtiansi n Tabl e 1. The

| atex used in this Exanple was the sé‘ﬂ@f'lﬂaﬂflev(ﬂa!rsﬁ-d"?% Exanpl e 1. The PSA

formul ation was al soexactly the sanp The results d&mg&gﬁ;ﬁd
good reproducibilitygof the PSA resyl t&o{/\henpegmgiffe’peﬁnt b%tacth Ofoop The if €X
was used. The PSA evfl uat | on "6™pr ettt nmh*ﬁhb‘é m";m‘uf Ii%(mln) (N,;Em)
' Ex8 | Tacolyn®2178 20 6 1400 9
Ex8 | Tacolyn®2178 30 8 4 1700 3
Ex.8 Tacolyn® 2178 40 8 4 1900 7
10 Bx9 | HerculesMGB 185 20 3 7 600 9
Ex9 | HerculesMGB 185 30 25 18 700 10
Ex9 | HerculesMGB 185 40 25 15 800 12
Ex 10 | Tacolyn®3179 20 8 7 300 9
Ex 10 | Tacolyn®3179 30 15 8 400 9
15 Ex 10 | Tscoyn®3179 40 21 17 400 16
Ex. 11 | Hercules® DC950330 20 7 6 200 3
Ex. 11 | Hercules® DC950330 30 7 4 300 9
Ex. 11| Hercules® DC950330 40 20 4 400 14
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Exanmple A Wt er - based PSA using butylacrylate latex stabilized with

surfactants (Conpari son)

The sane adhesive fornul ati on as

used as in Exanples 1 and 2 was used. The latex used in this Exanple case
was a purely:surfactant stabilized |latex with exactly the sanme nononer
conposition as the latices in Exanple 1 and 22 The results are shown in

Tables 1 and 2.

for the latices stabilized with | ow nolecul ar weight CM,

Thi s Exanpl e demonstygted superior shear adhesion
in conparison to

purely surfactant stadfTTZed Tarex:
e Pnl
Latex' Monomer Stabilizing system (¥ Pn2 (umy fn?:ﬁl‘
Ex. 1 BAMMA/MAA Ambergum® 302] 430 350 16
(85/10/5) (1% w/w on monomer)
5 Ex.2 BAMMA/MAA Ambergum®3021 . 460 380 15
(85/10/5) (1% w/w on monomer)
Ex 3 BA/MMA/MAA surfactants 110 | see footnote * 36
(85/10/5)
DL 322 BA based surfactants <100 <100 35
Primal EP BA based surfactants 520 550 65
5560F
10 Ex. 4 EHA/MMA (95/5) | 2% Ambergum® 3021 + 450 460 15
1% dicyclohexylsulfosuce
{%w/w on monomer)
Acronal EHA based surfactants 400 2000 3
V205
Acronal DS | EHA based surfactants ) 500 1450 14
3464
15
" Ex. labeled latices were produced at Hercules A&D Laboratory.
DL32 - Dow
Primal EP 5560F -Rohm and Haas
Acronal V205 -BASF
20 Acronal DS 3464 -BASF )
3 (Pnl) Particle size as measured with & Joyco Locbl Disc Centrifuge before shearing the latex, measured in nanometers.
» (Pn2) Pasticle sizc as measure with 8 Joyce Locbl Disc Centrifuge after shearing the latex, which has been diluted with demi-
water (1/1} for S minutes at high level with 2 Waring Blender.
9 Height of foam layer when test applied as described under (3).
25 9 Latex coagulated upon shearing,

Latices were prepared according to the formulations in Table 1. The polymerizations
were carried out in a 2-liter glass reaction vessel, which was equipped with a thermocouple, a
reflux condenser, a monomer inlet, an initiator inlet and a half-moon shaped stirrer. The colloid,
30 buffer and, if relevant, surfactant were simultaneously dissolved in the make up water. After
standing overnight, the temperature was [msed to 85°C by means of a water bath. Next, 40% of
the initiator was added in 30-seconds, whc;rwﬁer the metering of the monomer and the rest of the
initiator was started. The monomer flow was increased to 5%/10 minutes. After 40 minutes,

e
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Exanpl e 3 Water-based PSA using butylacrylate |atex stabilized with

| ow aver age nol ecul ar wei ght CMC (I nvention). A butylacryl ate

| atex stabilized with | ow nol ecul ar wei ght CMC was used in a PSA

fornmul ati on. The nononer conposition differs fromthat in Exanples 1, 2,
and 3 in the amount of soft rmnorrer used. TheZd-atex in this Exarrpl e

cont ai ned 95 w. %of But acr.y. refor a
transition tenperatufe fnﬁ'yd t@)%&/glse tesmgg 'ﬁ" ?mi&migmmmaq? Sl?‘ﬁe PSA
was conposed of 70% Gﬁmr“e!tﬂed(fhe‘@mmm!dd@lweh@ﬁmm@spmowgﬁpehwmmp@ﬂd 0.6
w. % (wet) of Lum b&abwgu]np,lmsﬁamn N&e r'éa%ﬁdnrbmgérmé ké})ﬂatBSPC bagehambh deihe
rosin ester, Tacol ynhgrrg% %09 g g,l‘,rlf |dn PgA showed
that the Anbergunier ik e Yol '%%é‘?%?“@ﬁ@ﬁ%{%wéﬂg 5P 2diiE dpwe
strength in conpafi S Onring thisgipne pfaligestiont theseradining il ¢¥ed anoinitiatay wessdded. diherkadtbr thelsticess'

denmonstrated in conpakatdok@ddst & nfiemgRane @and D. -
Exanpl e 4 Wat er-based PSA using butylacrylate latex stabilized with | ow

mol ecul ar (Mr) CMC (I nvention).
: Example 12

This Example clearly reveals the combination of superior mechanical stability together with low
10  foam tendency for Ambergum® stabilized butylacrylate based latices in comparison with
commercial latices used in this application.

Table 8
15
Component Exi(® Ex2(g) ExA(® Ex3(s) |

Water 398.5 398.5 410 500

Ambergum® D-302)" } 166 166 33

NaHCO3 16 1.6 16 20
20 K25208 ) 15 15 1.5 20

BA 425 425 425

MMA s 50 50 50 25

MAA . 25 25 25

2-EHA 275
25 Dispoail® SUS IC 875 0.6

Fenopon ® EP 100° 12

Fenopon® EP 120° 2.4 )

Aerosol® A196* 52
30 Tk by oo

ittt vy Oy o
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A Butylacrylate |atex stabilized with | ow nol ecul ar wei ght CMC was used in
a PSA fornmul ati on—The—Toncentration of Anbergunferr] 3021 material in the

| at ex was 2% of act”m“gmllmllﬂu MIT\EI ght of total nononer. The nononer
conposition of this u to that in Exanple 3 The PSA was
conposed of 70% of |&ate%, 30% of tackifier r &in di spersion, and 0.6 w.%

(wet) of Lumten[err] I-RA product. The resin dispersion was based on
Tacol yn[err] 3 179 rosin ester.
- 13- The results in PSA showed that the Anbergunierr] stabilized

di spersi ons have sup¥HADIS CLABWEYi ve strength in conparison to surfactant
stabilized or commercial |atices of conparative Exanples B, C, and D.

5 L A pressure sensitive adhesive composition comprising aqueous emulsion latex system

comprising; -

a) a polymer of at least one ethylenically unsaturated monomer setected from the
group consisting of acrylic acid, methacrylic acid, butyl acrylate, methyl methacrylate, 2-

10 ethylhexyl acrylate, acrylic esters, styrene, vinyl ethers, vinyl, vinylidene halides, N-vinyl
pyrrolidone, ethylene, C, or greater alpha-clefins, allyl amines, allyl esters of saturated
monocarboxylic acids and amides thereof, propylene, 1-butene, 1-pentene, 1-hexene, 1-decene,
allyl amines, aliyl acetate, allyl propionate, allyl lactate, their amides, n&mres thereof, 1,3
butadiene, 1,3 pentadiene, 1,4 pentadiene, cyclopentadiene, hexadiene isomers; and b) an amount

15  effective for stabilizing the latex system, of water soluble protective colloid with a molecular
weight of less than about 75,000, selected from the group consisting of carboxymethylcellulose
and derivatives thereof, having a carboxy! degree of substitution lower limit of about 0.7,
hydroxyethylcellulose, ethyt hydroxyethylcellulose, methylcellulose, methyl _
hydroxypropylcellulose, hydroxypropylceliulose, poly (acrytic acid) and alkali metal salts thereof,

20 ethoxylated starch derivatives, sodium and other alkali metal polyacrylates, water-soluble starch
glue, gelatin, water-soluble alginates, casein, agar, natural and synthetic gums, partially and fully
hydrolyzed poly (vinyl alcohol), polyacrylamide, poly (vinyl pyrrolidone), poly (methyl vinyl
ether-maleic anhydride), guar and derivatives thereof, gelatin, and casein,

25 2 ‘The pressure sensitive adhesive composition of claim 1, wherein at least one other

adhesive ingredient is present.

heet Has Been Replaced

"l

REPLACED

A




Exanple B V\at.er-baa“mm u km%ormerci al butylacrylate latex (DL 322,
mar ket ed by DOW Ch « L Conparison). A commer ci al
butyl acryl ate |atex*(DL 3L22) was used. in a PSA formul ation that was
conposed of 70% of |atex, 30% of tackifier resin dispersion, and 0.6 wt %

(wet) of Lumten[err] |-RA product. The resin dispersion was based on
Tacol yn[err] 3 179 rosdn eBEe giessure sensitive adhesive composition of claim 2 wherein at least one other

Exanpl e C Wt er - baseglihdsi&dingraliens amcidfermer ci al butylacrylate latex (Priml EP
5560F product, marketed by Rohm & Haas) (Conpari son) A commer ci al
butylacrylate latex (Priml EP 5560F) was used in a PSA fornulation that
was conposed of 70% of | at BR pressgosristiveadhetivetomppsitionaficlaimd verein i eiifiarisseb® wt .
% (wet) of Lumten| eﬁ'd_’n'] the groufRbonstiMpCh fokin estbh QosinQ&il, ydebcSHR kesih, 343in WeRrsBRABREH AN
E)?S_Ol ?/2[ %I‘ r ] 3179 v Or%slin”est%r?xteselg dispersions based on rosin acid, resin dispersions based on hydrocarbon resin,

P and resins dispersions of the above-mentioned resins emulsified with rosin soap instead of

conventional surfactants.

10 s. The pressure sensitive adhesive composition of claim 2, wherein at least one of the
members selected from the group consisting of wetting agent, defoamer, thickener, solvent and

preservative is also present.

6. The pressure sensitive adhesive composition of claim 1, wherein the polymer has been
15  polymerized by aqueous emulsion polymerization in the presence of the water-soluble protective

colfoid.

7. The pressure sensitive adhesive composition of claim 1, further comprising from about
0.01 to about 4.0%, by weight based on the total ethylenically unsaturated monomer content, of a
20  surfactant.

8. The pressure sensitive adhesive composition claim 1, wherein the protective colloid
has a molecular weight upper limit of about 75,000.

25 9. The pressure sensitive adhesive composition of claim 1, wherein the protective colloid
has a molecular weight upper limit of about 20,000,

—
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Wat er - based PSA usi ng*ﬂomrm%ﬂ“ | acryl ate | atex (Acronal DS 3434X,

mar ket ed by BASF) (Co m\‘ﬁ A commercial butylacrylate | atex
(Acronal DS 3434X) vvarsw formul ati on that was conposed of 70%

of |atex, 30% of tackifi%er ‘resin di spersion, amd 0.6 wt. % (wet) of

- he resin_di spersion _was based on Tacolyn[err
Iéli;n gt ?g[s ? :] ' ]e s tB e II,QA prod ul(at T-I;e S‘essu?e sensttive adhEs:ve composition of claim 1, wherein the p%%ﬂ:ﬂ[o@ ]

Wat er - based PSA usi ngrobprisesla seliulysk eeeseleddddinm ghoapxbisisting off hydréxetiylastiuiosa) ecul ar
wei ght CMC (I nventio r'Qhylhydnr»cyetlwlcelluk:se carboxymethylcellulose having a carboxy! degree of substitution lower

limit of about 0.7, methylcellulose, methythydroxypropylcellulose, hydroxypropylcellulose, and
5 mixtures thereof,

-

11.  The pressure sensitive adhesive composition of claim 10, wherein the cellulose ether

comprises carboxymethylcellulose with a carboxyl degree of substitution of about 0.7-2.9.

10 12.  The pressure sensitive adhesive composition of claim 10, wherein the cellulose ether
comprises carboxymethylhydroxyethylcellulose with a hydroxyethyl molar substitution between
0.2 and 2.0 and carboxymethyl molar substitution between 0.1 and 1.0.

13.  The pressure sensitive adhesive composition of claim 1, wherein at least one
15  ethylenically unsaturated monomer comprises a member selecied from the .group consisting of
acrylic acid, methacrylic acid, butyl acrylate, methyl methacrylate, 2-ethylheyl acrylate, acrylic
esters, styrene, 1,3 butadiene, 1,3 pentadiene, 1,4 pentadiene, cyclopentadiene, hexadiene isomers,
and mixtures thereof. -

20 14. The pressurc sensmve adhesive composition of claim 1, wherein at least one
ethylenically unsamrated monomer comprises 2 member selected from the group consisting of
vinyl esters, vinyl ethers, vinyl, vinylidene halides, N-vinyl pyrrolidone, ethylene, C, or greater
alpha olefins, allyl amines, allyl esters of saturated monocarboxylic acids and amides thereof, and
mixtures thereof.
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-14 -, The sane adhesive fornulation was used as in Exanple 3 with

the exception of the tackifier used. I'n this Exanple, Tacolyn[err] 64
material was used as the tackifier resin. Tacolyn[err] 64 material is a

di spersi on of hydrogenated rosin ester with a softening point of 60[err]C
The |l atex used in the Exanpl e was exactly the sane as the one used in
Exanpl e 3. Thi s Exanpl e showed good conpati bility of- Arbergunierr]
3021 stabilized latices with various tackifiers. Again, an extrenely high
cohesive strength was obtained for the PSA

Exanpl e 6 Water-based PSA using butylacrylate |atex stabilized with | ow

nmol ecul ar wei ght CMC (I nvention). The sane adhesive formul ation as
used in Exanple 3 with the exception of the tackifier wused. In this
Exanpl e, Tacolyn[err] 1070 material was used as the tackifier resin.

Tacol yn[err] 1070 nmaterial is a dispersion of arormatic nodified five Carbon
(C5) resin. The latex used in this Exanple was the sane as the one used in
Exanpl e 3. Thi s Exanpl e showed good conpatibility of Anbergunierr]
3021 stabilized latices with

PRE E DHE
Abstract Of The Invention

A pressure sensitive adhesive(PSA) composition includes a latex system of an aqueous
polymer dispersion derived from ethylenically-unsaturated monomers in the presence of a water
solut;le protective colloid. The PSA compositions are used in the manufacture of a variety of
articles that are intended to be easily attachable to another substrate by the application of pressure

5 alone.

This Sheet Has Been Replaced

WA

(7S SHEET HAS &+ 2N
i REPLACED i

pETE



various tackiflers. Again, an extrenely high cohesive strenRgth-we
f.or the PSA. TR
Wat er - based PSA using ethyl hexylacrylate |atex stabilize w th | ow
mol ecul ar wei ght CMC (I nvention). An et hyl hexyl t‘eﬁ & FPaidst
stabilized with ultra | ow mol ecular weight CMC was used {nja PSA
formul ati on that was conposed of 70% of |atex, 30% of tag¢krfier Tesin

di spersion and 0. wt. % (wet) of Lumiten[err] I-RA produgt. The resip..—
di spersi on was based on stabilized Tacolyn[err] 2178 rosi n acid. In Table
4, the latex conposition is set forth; in Table 5, the properties of the
PSA are given. -15

-26-

PRESSURE SENSITIVE ADHESIVES
Abstract Of The Invention

A pressure sensitive adhesive(PSA) composition includes a latex system of an aqueous
polymer dispersion derived from ethylenically-unsaturated monomers in the presence of a water
soluble protective colloid. The PSA compositions are used in the manufacture of a variety of
articles that are intended to be easily attachable to another substrate by the application of pressure

alone,



Thi s Exanpl e showed the good conpatibility of Anmbergunier 302~ 1rit o1
stabilized latices wth various tackifiers and better perf g#ﬁhﬁ%b"ié%mﬁ@
to coomercial latices (see Exanples E and F). !

Exanpl e E Water-based PSA using a commercial ethyl hexyl aciylates; | &t@x357
(Acronal [err] V 205). A commerci al et hyl hexyl acryliate | at ex
(Acronal [err] V 205, marketed by BASF) was used in a PSA flormulation—thatr
was conposed of 70% | atex, 30% of tackifier resin dispersijon with the

resin dispersion being based on stabilized Tacolyn[err] 2178 rosin acid,
and 0.6 wt. % (wet) of Lumten[err] |-RA-product. In Table 5, the
properties of the PSA are pr

Exanpl e F Wat er - based PSA USWWXW acryl ate | atex

(Acron[err] V 220).

This invention relates to a pressure sensitive adhesive (PSA) composition and its
application. More specifically, this invention relates to a PSA composition including aqueous
polymer dispersions derived from ethylenically-unsaturated monomers in the presence of a water
soluble protective colloid and to its applications.

Normally, tacky, pressure-sensitive adhesives (PSAs) are used in the manufacture of a
variety of articles such as adhesive tapes and other materials which are intended to be easily
attachable to another substrate by the application of pressure alone’ Many adhesives preferably
have a balance of one or more properties such as tackiness at the temperature of use, adhesion
(peel resistance), cohesion (shear resistance), elongation, elasticity, color clarity and color
stability, and resistance to sunlight and other ultraviolet and degrading radiation sources.
Maintaining the requisite balance of such properties while improving one or more characteristics
of such PSA’s is both difficult and unpredictable. Any modification of adhesive compositions
which improves one adhesive property may detrimentally affect one or more other desirable
properties. For example, it is difficult to improve an adhesive’s internal strength (cohesiveness
and shear) without reducing one or more other desirable properties.

Polymers of olefinically unsaturated carboxylic acid ester monomers have received wide
acceptance as PSA’s because of the relatively good balance of properties they afford in many
applications. Acrylic-based latices have found wide acceptance in the PSA industry because the
adhering performance of the PSA based on acrylic emulsions is such that they can replace less
environmentally friendly and more expensive solvent-based systems. However, the night
combination of peel, tack, and shear alone does not guarantee success in the PSA market. The
industry is looking for better mechanical stability and less foam tendency of the applied latices.

Prior to the present invention, water borne PSA’s were not mechanically stable and/or

tended to foam when they were being prepared. In industrial emulsion polymerization processes,



A commercial ethyl hexylacrylate latex (Acronal[err] V 220[ I =lo o)Ay
BASF) was used in a PSA fornul ation that was conposed of [ It ex o (W
of tackifier resin dispersion with the resin dlsper5|on ng based on |
Tacol yn[err] 2178 stabilized rosin acid, and 0.6 w. % ( f" rUoAnng i
Lumiten[err] I-RA product. In Table 5, the properﬁles of ‘the PSA
are given. anpt-e- o

Wat er - based PSA usi ng et hyl hexyl acryl ate lTatex stabilized{with | ow
nol ecul asurfasitagis areommaniewsed ghiber alone or in conmma@phwthemwnmw Felceti VeatodRids.

t abi | h.ul t I
F oroul at foran ek i is o SRttt Bo 8ok e et 7 Sidst Brehusin shors stablsor
30% andj, Q‘Vevia.fchn%ﬂetb@am&ﬁ?g@nmwam@e sidDErdces | b Lk SRFTE SIne RrdlBsceRs ed

on Tacolyn[err]| 2178 rosin ac
surfactants in latex systems can have a negative effect on water-sensitivity and causes foaming of

final products. In addition, at conventional use levels, surfactants do not impact sufficient
mechanical stability to the final products.

It is known in the prior art that the presence of protective colloids as co-stabilizers, such
as hydroxyethylcellulose (HEC) and poly (vinyl alcohol}(PVOH), in emulsion polymerization of
ethylenically-unsaturated monomers, including vinyl monomers, vinyl monomers with an acrylic
monomer such as acrylic esters, methacrylic esters or mixtures thereof, provides latices of
submicron particle size with improved rheological, stability, and performance characteristics.

In emulsion polymerization processes of monomers comprising acrylics or styrene either
alone or in combination with other monomers, it is not always possible to use protective colloids
such as cellulosics or PVOH, as co-stabilizers. When prior art protective colloids are used in an
acrylic- or styrene-based latex systems, a high degree of flocculation occurs which manifests itself
in a lack of mechanical stability. This flocculation results from the high tendency of the protective
colloid to be incorporated directly into the reacting polymer chain. This phenomenon is
commonly known as grafting.

It should be understood that grafting in and of itself is not to be totally eliminated. A
minor amount of grafting does not cause flocculation; further, it improves stability of latex
systems, as has been known for a long time for the vinyl acetate copolymer latices. It is the
combination of excessive grafting and the possibility of interparticle bridging that are the causes
for coagulation. Interparticle bridging is not only determined by the amount of grafted material or
particle size alone, but is also dependent on the amount of water soluble polymer present in the
water phase, the molecular weight of the protective colloid, solids content, etc.

In any event, depending on the particular latex system, the lack of mechanical stability may
be overcome by using high levels of surfactant alone or in combination with protective colloid.

For example, in vinyl acetate-based systems, high levels of protective colloid are used in



- 16- -16- || mercheradhesi yerry
formulation, 0.6 wt. % (wet) of Lumiten[err] I-RA product Was -Used:-+h—=
Table 4, the latex conposition is given: the latex used ifsithe sane as tehe
| at ex used Exanple 7. In Table 6, the properties gf |t HeSHSA’ dPY |
present ed. Thi s Exanpl e showed in conbination with Exanples 9, 10|,
and 11, the good conpatibility of Ambergunierr] 3021 stabilized latices

wi th various tackifiers. A high adhesi o Awas obt ai ned for——all—three Level's
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USSN 08/553,007, filed 11/03/99, entitled “Cellulose Ethers in Emulsion Polymerization
Dispersions” discloses the techniques for producing the latices of the instant invention.

US Patents 3,928,262 and 3,975,570 disclose PSA compositions comprising alkyl acrylate
and carboxymethylceliulose that posses excellent adhesiveness when adhered to an object as well
as improved breathability. US Patent 4,908 403 discloses pressure-sensitive acrylic adhesive that
uses protective colloids (col. 13).

Another approach for polymerizing acrylic monomer systems, disclosed in LO, U.S.
Patent No. 4,845,175, is to use 0.02 to 2.0% by weight of a hydrophobically modified
hydroxyethylcellulose as a protective colloid.

Yet another approach for polymerizing acrylic monomer systems, disclosed in CRAIG
771, U.S. Patent No. 4,659,771, is to use, in addition to a protective colloid, from about 0.1% to
5% by weight of a substantially completely water-soluble conjugated unsaturated monomer such
as furoic acid, styrene sulfonic acid, and metal salts, amine salts, ammonium salts and quaternary
salts of rosin and acids having 4 to 36 carbon atoms.

The present invention is directed to a process for preparing a PSA composition comprising
an aqueous emulsion latex system comprising:

a) a polymer of at least one ethylenically unsaturated monomer selected from the
group consisting of acrylic acid, methacrylic acid, butyl acrylate, methyl methacrylate, 2-
ethylhexyl acrylate, acrylic esters, styrene, vinyl ethers, vinyl, and vinylidene halides, N-vinyl
pyrrolidone, ethylene, C, or greater alpha-olefins, allyl amines, allyl esters of saturated
monocarboxylic acids and amides thereof, propylene, 1-butene, 1-pentene, -hexene, 1-decene,
allyl amines, ally acetate, allyl propionate, allyl lactate, their amides, mixtures thereof, 1,3

butadiene, 1,3 pentadiene, 1,4 pentadiene, cyclopentadiene, hexadiene isomers; and b) an amount
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hydroxyethylcetlulose, ethyl hydroxyethylcellulose, methyl cellulose, methyl
hydroxypropylcellulose, hydroxypropylcellulose, poly(acrylic acid) and alkali metal salts thereof,
ethoxylated starch derivatives, sodium another alkali metal polyacrylates, water soluble starch
glue, gelatin, water soluble alginates, casein, agar, natural and synthetic gums, partially and fully
hydrolyzed poly (vinyl alcohol), polyacrylamide, poly (vinyl pyrrolidone), poly {methy! vinyl
ether-maleic anhydride), gelatin and casein.

It has been unexpectedly found that the use of low molecular weight protective colloid in
emulsion polymerization of ethylenically-unsaturated monomer produces excellent mechanical
stability of the resultant polymer and that these polymers are useful in PSA’s. The combination of
the latices with tackifiers used in this field results in unexpectedly high shear strength of the
adhesive. The upper limit of the molecular weight of the protective colloid is about 75,000,
preferably about 50,000, and most preferably about 20,000. The lower limit of the molecular
weight of the protective colloid is about 5,000, preferably about 10,000 and most preferably about
15,000.

The present invention is particularly useful for acrylic or styrene latex systems. As noted
above, with regard to prior art acrylic or styrene-based latex systems, the use of commercially
desirable levels of protective colloid is not practical because of high levels of flocculation
occurring. The use of high levels of surfactant to overcome this problem can have a negative
effect on water sensitivity and causes foaming of final products. In addition, at conventional use
levels, surfactants do not impact sufficient mechanical stability to the final products. It has
unexpectedly been found that the use of low molecular weight protective colloid, in acrylic- or
styrene-based latex systems, permits reduction in the level of - or even the omission of -
surfactant. The final products have generally been found to have less water sensitivity, less
foaming, and greater mechanical stability properties as compared to the prior art systems.

Mechanical stability can manifest itself in greater shelf life. Additionally, in PSAs, maintaining the
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t he | at ex hasegbniderivatized with ethylene oxide, methyl chloride, propylene oxide, monochloracetic acid,
etc., or mixtures thereof Particularly preferred are carboxymethylceliulose (CMC) and
derivatives thereof, having a carboxyl degree of substitution (DS) of about 0.7 to about 2.9, more
preferably about 0.7 to about 1.5, more preferably about 1.0 to about 1.4. Suitable
carboxymethycellulose derivatives inciude methyl carboxymethycellulose, ethyl
carboxymethylcellulose, hydroxyethyl carboxymethylcellulose, hydroxypropyl
caboxymethylcellulose, methoxethyl carboxymethyicellulose, ethoxyethyl carboxymethylcellulose,
and diethyl aminocarboxymethylicellulose.

Hydroxyethylcellulose (HEC) can also be used, the hydroxyethyl molar substitution (MS)
preferably ranging from about 1.6 to bout 4.0, more preferably about 1.8 to about 3.5, still more
preferably between about 1.8 and about 2.9.

Yet additionally, hydrophobically modified cellulose ethers can be used. Suitable
hydrophobically medified cellulose ethers are cellulose ethers which are further substituted with a
hydrocarbon having from 4 to 25 carbon atoms, in an amount by weight of the hydrophobically
modified cellulose ether from about 0.1% to about 3.0%, more preferably about 0.1% to about
2.0%.

A preferred hydrophobically modified cellulose either is hydrophobically modified
hydroxyethylcellulose (HIMHEC). Hydrophobically modified hydroxyethyicellulose useful in the
practice of this invention is a hydroxyethylcellulose which is further substituted with a
hydrocarbon having from 4 to 25 carbon atoms, in an amount by weight of the hydrophobically
modified hydroxyethylcellulose from about 0.1% to about 3.0%, more preferably about 0.1% to
about 2.0%. The hydroxyethyl MS of the HMHEC lies preferably in the range of about 2.9 to

about 4.0, more preferably about 2.9 to about 3.5
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colloid are ethyl hydroxyethyicellulose (EHEC), methylcellulose(MC), methyl
hydroxypropylcellulose (MHPC), and hydroxypropylcellulose (HPC).

Other polysaccharides and materials that can be used as protective colloids in the present
invention are ethoxylated starch derivatives, partially and fully hydrolyzed polyvinyl alcohol,
polyacrylic acid, alkali metal (potassium, sodium, etc.) polyacrylates, polyacrylamide, poly
(methyl vinyl ether-maleic anhydride), poly (vinyl pyrrolidone), water-soluble starch glue, gelatin,
water soluble alginates, casein, agar, and natural and synthetic gums.

Protective colloid is preferably employed in an amount effective for stabilization of the
latex system of the invention. In this context, an effective amount is the amount which serves to
stabilize the latex system during the aqueous emulsion polymerization and afier completion of the
polymerization.

Particularly, the protective colloid concentration in the emulsion polymerization process of
the present invention can be varied over a wide range, with the upper limit being determined only
to be economical and practical considerations based on what properties are desired in the final
product. It is preferred that the upper limit be about 5.0%, more preferably 3.5%, and most
preferably about 2.5%, by weight based on the total ethylenically unsaturated monomer content in
the reaction mass. The preferred lower limit is about 0.005%. A more preferred lower limit is
about 0.05, with about 0.1%, by weight, based on the total weight of the ethylenically unsaturated
monomer content, being the more preferred lower limit.

The protective colloid of the invention can be used either alone or in combination with
other protective colloids or surfactants. For example, the CMC derivative can be used as a single
stabilizer or in combination with one or more surfactants. An example of CMC as used in this
invention is available under the trademark “Ambergum” water-soluble polymers, types 1221 and
3021, marketed by Aqualon Company, Wilmington, Delaware. A suitable hydrophobically
modified hydroxyethylcellulose is available under the trademark “Natrosol Plus,” marketed by

Hercules Incorporated, Wilmington, Delaware.
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In general, any ethylenically unsaturated monomer, which optionally may be cyclic, which
can be polymerized by free radical initiation can be used in the practice of this invention.
Preferred ethylenically unsaturated monomers include those having up to 23 carbons.

Examples of suitable monomers include vinyl esters, vinyl ethers, vinyl and vinylidene
halides, N-vinyl pyrrolidone, ethylene, C,, or greater alpha-olefins, allyl amines, allyl esters of
saturated monocarboxylic acids, and amides thereof and dienes and derivatives thereof.

Suitable vinyl esters include aliphatic vinyl esters, such as vinyl formate, vinyl acetate,
vinyl propionate, vinyl butyrate, vinyl isobutyl rate, vinyl valerate, vinyl caproate and vinyl
versatate.

Typically vinyl ethers include methyl vinyl ether, ethyl vinyl ether and n-butylvinyi ether.

Suitable C; or greater alpha-olefins include propylene, 1-butene, I-pentene, cyclopentene,
1-hexene, cyclohexene and 1-decene.

Allyl amine and N-substituted allyl amines are examples of typical allyl amines.

Suitable dienes are butadiene, cyclopentadiene, and dicyclopentadiene.

Suitable allyl esters of saturated monocaraboxylic acids may include allyl acetate, allyl
propionate and allyl lactates, and their amides, among others.

The potymers of the invention can be prepared from one or more of the ethylenically
unsaturated monomers. In this regard, it is noted that by the term “polymer” it is also meant
homopolymers, and copolymers that are polymenized with two or more different monomers.

For acrylic and styrene-based latices, low molecular weight CMC is preferred. For the
vinyl acetate-acrylate systems, low molecular weight HMHEC is used preferentially, but also low
molecular weight HEC and low molecular weight CMC can be used. When acrylic acid, or

methacrylic acid is used in the polymerization, the use level preferably is about 0.005% to about
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temperatures -, €.g., about -100°C to about -3°C - can be characterized as “soft.” A factor

affecting the degree of hardness and softness is the identity of the ethylenically unsaturated
monomers which are employed.

Different ethylenically unsaturated monomers contribute to hardness or softness in
different degrees, and are thusly known as “hard” and “soft” monomers. The relative hardness
and softness of different monomers are known in the art. The degree of hardness or softness of a
polymer is accordingly affected by the hardness or softness of the monomers compnising the
polymers, and by the relative ratios of these monomers.

When making a copolymer latex system, the ratios of "hard” to “soft” monomer are
chosen so that a continuous latex film is formed at use temperature. In PSA applications, latices
are commonly used with a high amount of soft monomer. Up to 100% of the monomer content
could be of “soft” ongin. Styrene-acrylics can be made in the range containing from about
0.005% to about 70% by weight styrene in the formed copolymer. Vinyl-acrylates can be made in
the ratio range of about 1:1 to about 10:1, preferably about 7:3 to about 9:1, by weight of
vinylacetate/acrylate monomer.

Anionic, cationic, nonionic, and amphoteric surfactants and mixtures thereof known in the
art may be used in the practice of this invention. Suitable surfactants include polyglycol ethers,
sulfonated paraffin hydrocarbons, higher alkyl sulfates such as lauryl sulfate, alkali metal salts and
fatty acids such as sodium stearate and sodium oleate, sulfuric acid esters of fatty alcohols,
ethoxylated C,_,, alky! phenols and their sulfonation products, such as nonylphenol ethoxylate
with 4-50 - more preferably, 10-20 - ethylene oxide units, ethoxylated C,_, alkanols and their
sulfonation products, and also sulfosuccinic acid esters such as sodium dioctylsulfocsuccinate;

these surfactants or emulsifiers are optional and are not always required, but when they are used,
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they are present in amounts usually of from 0.1 to 5 0%, preferably 0.1 to 2.0%, by weight, based
on the total amount of the ethylenically unsaturated monomers present in the process.

Any known methods of emulsion polymerization may be used, including batch, semi-
batch, or continuous and thermal or redox techniques. Semi-batch monomer addition with either
batch or continuous addition of the initiator or catalyst is preferred. The polymerization can also
be carried out under high shear, meaning that, for example, a loop-reactor can be used for
performing the reaction. Preferably, an amount of from about 0% to about 40% - more preferably
about 1% to about 25%, and most preferably from bout 5% to about 15% - by weight of the
ethylenically unsaturated monomer or monomers is added in the initial charge to the reactor. Also
as a matter of preference, an amount of from about 0% to about 60% - more preferably, about
50% to 60% - by weight of the initiator is added in the initial charge to the reactor. The
continuous addition of any reaction ingredient or ingredients is generally done over a period of
from about 2 to about 5 hours. The batch or delayed initiator or catalyst addition may be used,
although these variations are not necessary for the success of this invention.

In general, the monomers are polymerized by aqueous emulsion techniques at from about
20°C. to about 120°C., preferably from about 45°C. to about 95°C , in the presence of a free
radical polymerization initiator, particularly a water-soluble peroxide, e.g., hydrogen peroxide,
persulfates such as potassium, sodium and ammonium persulfates or, in some cases, perborates.
Other methods known in the art may also be used to polymerize monomers, such as, for example,
by using redox polymerization catalyst systems, such as potassium persulfate and sodium bisulfite.
The initiator is used at a concentration of 0.2 to 2.0% by weight based on the weight of the
monomer(s), preferably in an amount 0of 0.3 -1.0%.

The resulting product of the invention is a latex system, including particles of the thusly
prepared polymer dispersed as a discontinuous phase in an aqueous continuous phase, and also
including the protective colloid. Latex particle size and particle size distribution can significantly
influence latex physical properties which affect application of the latex to a backing material. The
indicated particles preferably have an average size in the range of from 0.05 to 2 microns

depending on the type of PSA, backing material, and desired properties. Similarly, latex viscosity
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distribution, solids content (of the latex) and wetting of the adhesive article backing.

The suitability of PSA compositions is influenced primarily by the tackiness of the
composition. Therefore, the main component is the tacky adhesive latex system. The tackiness
and shear strength of the PSA can be modified by controlling the latex system. For example, by
controlling the molecular weight of the polymer as well as the ingredients in the latex, this will
enable the PSA to be modified to control the desired characteristics. Other factors that influence
the suitability of PSAs are the ease of manufacturing of both the adhesive and the articles
containing the adhesive, and environmental and personnel safety hazards. The dispersion of the
present invention, therefore, must adequately wet the backing of an article to assure adequate
adhesive distribution, coverage, and bonding to the backing.

The latex system of the present invention has excellent shear stability. Consistent with the
previous discussion herein, it may be employed in latex PSA compositions. These PSA
compositions preferably further include at least one tackifier, wetting agent, defoamer, and
preservative; yet additional components conventional for latex PSA formulations, including
thickeners, can be employed.

The use of solvents (other than water) is becoming more and more undesirable because of
the cost of solvents as well as the expense and hazards involved in controlling solvent vapors.

Yet in certain instances, small amounts of solvents must be used in the aqueous system of the
present invention in order to control certain properties.

All parts and percentages of polymer and tackifier used in this specification are by dry
weight unless otherwise indicated.

The invention is illustrated by the following Examples, which are provided for the purpose

of representation, and are not to be construed as limiting the scope of the invention.

Example |

Water-based pressure sensitive adhesive (PSA) using butylacrylate latex stabilized with low
molecular weight CMC (Invention).
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formulation. The PSA consisted of 70% of latex, 30% of tackifier resin dispersion, and 0.6%
(wet) of Lumiten® [-RA product (dioctylsulfosuccinate, marketed by BASF). The resin
dispersion is based on rosin ester with a softening point of 70°C. (Tacolyn® 3179 product,
marketed by Hercules Incorporated).

The latex composition and stabilization of the latex are set forth in Table 1. infra.

The pressure-sensitive adhesive evaluation is presented in Table 2, infra.

This Example shows good shear adhesion of a PSA formulation using the latex of the

invention.

Example 2
Water-based PSA using butylacrylate latex stabilized with low molecular weight CMC (Invention)

A butylacrylate latex stabilized with low molecular weight CMC was used in a PSA
formulation. The PSA was composed of 70% of latex, 30% of tackifier resin dispersion, and
0.6wt % (wet) of Lumiten® I-RA product. The resin dispersion is based on rosin ester (Tacolyn®
3179 product, marketed by Hercules).

The latex composition and stabilization of the latex is set forth in Table 1. The latex used
in this Example was the same latex used in Example 1. The PSA formulation was also exactly the
same.

The results demonstrated good reproducibility of the PSA results when a different batch of

latex was used. The PSA evaluation is presented in Table 2, infra.

Example A

Water-based PSA using butylacrylate latex stabilized with surfactants (Comparnison)
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Example 3

Water-based PSA using butylacrylate latex stabilized with low/average molecular weight CMC
(Invention).

A butylacrylate latex stabilized with low molecular weight CMC was used in a PSA
formulation. The monomer composition differs from that in Examples 1, 2, and 3 in the amount
of soft monomer used. The latex in this Example contained 95 wt. % of Butylacrylate and has,
therefore, a lower glass transition temperature than the latex used in Examples I, 2, and 3. The
PSA was composed of 70% of latex, 30% of tackifier resin dispersion, and 0.6 wt. % (wet) of
Lumiten® I-RA. The resin dispersion is based on the rosin ester, Tacolyn® 3179 product.

The results in PSA showed that the Ambergum?® stabilized dispersions have superior
cohesive strength in companson to surfactant stabilized or commercial latices as demonstrated in

comparative Examples B, C and D.

Example 4
Water-based PSA using butylacrylate latex stabilized with low molecular (Mw) CMC (Invention).

A Butylacrylate latex stabilized with low molecular weight CMC was used in a PSA
formulation. The concentration of Ambergum® 3021 material in the latex was 2% of active
material by weight of total monomer. The monomer composition of this latex was equal to that in
Example 3. The PSA was composed of 70% of latex, 30% of tackifier resin dispersion, and 0.6
wt. % (wet) of Lumiten® I-RA product. The resin dispersion was based on Tacolyn® 3179 rosin

ester.
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The results in PSA showed that the Ambergum® stabihzeJ %wpers&ons have superior
cohesive strength in comparison to surfactant stabilized or commercial latices of comparative

Examples B, C, and D.

Example B

Water-based PSA using a commercial butylacrylate latex (DL 322, marketed by DOW Chemical
Company) (Comparison).

A commercial butylacrylate latex (DL 322) was used in a PSA formulation that was
composed of 70% of latex, 30% of tackifier resin dispersion, and 0.6 wt. %% (wet) of Lumiten®

I-RA product. The resin dispersion was based on Tacolyn® 3179 rosin ester.

Example C

Water-based PSA using a commercial butylacrylate latex (Primal EP 5560F product, marketed by
Rohm & Haas) (Comparison)

A commercial butylacrylate latex (Primal EP S560F) was used in a PSA formulation that
was composed of 70% of latex, 30% of tackifier resin dispersion and 0.6 wi. % {wet) of Lumiten®

I-RA product. The resin dispersion was based on Tacolyn® 3179 rosin ester.

Example D

Water-based PSA using a commercial butylacrylate latex (Acronal DS 3434X, marketed by
BASF) (Comparison)

A commercial butylacrylate latex (Acronal DS 3434X) was used in a2 PSA formulation that
was composed of 70% of latex, 30% of tackifier resin dispersion, and 0.6 wt. % (wet) of

Lumiten® I-RA product. The resin dispersion was based on Tacolyn® 3179 rosin ester.

Example §

Water-based PSA using butylacrylate latex stabilized with low molecular weight CMC
(Invention).
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EHAMVA ( 9Gtkifier ustio Amthiy Bxuspee, ac39R7 64 material was used as thédB@kifier resin. Tacolyn® ¢60
15 o ) , . 1%di cycl ohexyl sul f osucc (9% w
on rnonon@atenal is a dpewsieal of hydrogengtedogsiagster with a softening paintzafiéd°C. The latex

400 used in th%oé)x%mple was ex?;’xctly the\éan%g gs the one used in Example 3.

This Example showed good compatibility of Ambergum® 3021 stabilized latices with

various tackifiers. Again, an extremely high cohesive strength was obtained for the PSA.

Example 6

Water-based PSA using butylacrylate latex stabilized with low molecular weight CMC
(Invention).

The same adhesive formulation as used in Example 3 with the exception of the tackifier
used. In this Example, Tacolyn® 1070 material was used as the tackifier resin. Tacolyn® 1070
material i3 a dispersion of aromatic modified five Carbon (C5) resin. The latex used in this
Example was the same as the one used in Example 3.

This Example showed good compatibility of Ambergum® 3021 stabilized latices with

various tackifiers. Again, an extremely high cohesive strength was obtained for the PSA.

Example 7

Water-based PSA using ethylhexylacrylate latex stabilized with low molecular weight CMC
(Invention).

An ethylthexylacrylate latex stabilized with ultra low molecular weight CMC was used in a
PSA formulation that was composed of 70% of latex, 30% of tackifier resin dispersion and 0. wt.
% (wet) of Lumiten® I-RA product. The resin dispersion was based on stabilized Tacolyn® 2178
rosin acid. In Table 4, the latex composition is set forth; in Table 5, the properties of the PSA are

given.



Acronal DS EHA based surfactants L0l 4 0600
1450 14 Ex. |abel ed | ances were produced at Hi?‘é;ht"lmm &?_L{HEET
Labor at ory. DL 322 - Dow Pri mal EP %560F '
Rohm and Haas Acronal V205 BASF Acronal IDS 3454757 1997
BASF (Pn 1) Particle size as neasured with a Joyce Loel%l ‘Di sc Ccntniug
before shearing the |atex, nmeasured in nan ters (Pn2) "Particlé size

as measure with e L ntrif er shegaring. atex, ...

whi ch has been EF”P[#%B‘ %ﬁsglﬁwag%e goo Cowaﬁt@g( ﬁ?? PrgHmS 3@?#16&31@3%4 afigegtith
level Wi th,g; ki RgiR Mter h‘@@:@dltgx m%ﬁnlatngést(s@é)@drqucfsaé and
descri bed under (3). Latex coagu ate upon s at’l ce
were prepaFed according to the formulations in Table 1 The pol ynerizati ons
were carried out in a 2-liter glass reaction vessel, which was equi pped
with a thernocouple, a reflux condenser, a nonomer inlet, an initiator

i nlet and a hal f-noon shaped stirrer. The col Loid, buffer and, if

rel evant, surfactant were S|nultaneousI€4ﬁ¥§%glved in the make up water.

Af ter StaWité?Q:a@ééPPS‘A%xh atdame?aa%&mﬂmaefe@iﬁmﬁﬁkéFﬁcrbf?aﬂ%iﬁfsf)] C by means
of a water bath. Next,

A commercial ethylhexylacrylate latex (Acronal® V 205, marketed by BASF) was used in
a PSA formulation that was composed of 70% latex, 30% of tackifier resin dispersion with the
resin dispersion being based on stabilized Tacolyn® 2178 rosin acid, and 0.6 wt. % (wet) of
Lumiten® I-RA product.

In Table 5, the properties of the PSA are presented.

Example F
Water-based PSA using a commercial ethylhexylacrylate latex (Acron® V 220).

A commercial ethylhexylacrylate latex (Acronal® V 220, marketed by BASF) was used in
a PSA formulation that was composed of 70% of latex, 30% of tackifier resin dispersion with the
resin dispersion being based on Tacolyn® 2178 stabilized rosin acid, and 0.6 wt. % (wet) of
Lumiten® I-RA product.

In Table 5, the properties of the PSA are given.

Example 8

Water-based PSA using ethylhexylacrylate latex stabilized with low molecular weight CMC
(Invention).

An ethylhexylacrylate latex stabilized with ultra low molecular weight CMC was used in a
PSA formulation that was composed of 60%, 70%, and 80% of latex and thus 20%, 30%, and

40% of tackifier resin dispersion. The resin dispersion was based on Tacolyn® 2178 rosin acid.
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addi t i onalatdxaidimposition is given: the latex used is the same as the latex used Example 7.

In Table 6, the properties of the PSA are presented.

This Example showed in combination with Examples 9, 10, and 11, the good compatibility

of Ambergum® 3021 stabilized latices with various tackifiers. A high adhesion was obtained for

all three levels of tackifier used.

Example 9

Water-based PSA using ethylhexylacrylate latex stabilized with low molecular weight CMC

(Invention).

An ethythexylacrylate latex stabilized with ultra low molecular weight CMC was used in a
PSA formulation that was composed of 60%, 70%, and 80% of latex and thus 20%, 30%, and

40% of tackifier resin dispersion. The resin dispersion was based on modified hydrocarbon resin
(HERCULES MBG 185 product, which has a softening point of 75°C, marketed by Hercules

BV). In the adhesive formulation, 0.6 wt. % (wet) of Lumiten® I-RA product (marketed by

BASF) is used as well.

In Table 4, the latex composition is given; the latex used is the same as the latex

mentioned in Example 11

In Table 6, the properties of the PSA are given.

Example 10

Water-based PSA using ethylhexylacrylate latex stabilized with low molecular weight CMC

(Invention).

An ethylhexylacrylate latex stabilized with ultra low molecular weight CMC was used in a
PSA formulation. The PSA consisted of 60%, 70% or 80% of latex, and thus 20%, 30% or 40%

of tackifier resin dispersion. The resin dispersion was based on rosin ester (Tacolyn® 3179). In

the adhesive formulation, 0.6 wt. % (wet) of Lumiten® [-RA was used as well.
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During this tinme of digestion, the remaining 10% of an initi amr rwaﬁz,a
Thereafter, the latices were cooled down to room terrperat\l‘Jrr
Exanple 12 This Exanple clearly reveals the conbination Ilsuperi or

f
mechani cal stability together with |ow foamtendency for jn‘der’\gun{ errf
stabilized butylacrylate based latices in conparison with .cormerm al  ____

| atices used in this appllcatlon -17- i

Table 8 ent Ex1 gd) e EX 2 ()
ExA( g) Ipdablg)d. the la\pgtcgmpos:tlon is given; the latex used is a duplication of the Iatex398 5
398.5

: 500 Anbergunierr] D-3021[err]
1 mentxo_nL%i' glhoxample i1, 16. 6 33

In Table 6, the properties of the PSA are presented.

Example 11
Water-based PSA using ethylhexylacrylate latex stabilized with low molecular weight CMC

(Invention).

An ethylhexylacrylate latex stabilized with ultra low molecular weight CMC was used in a
PSA formulation. The PSA was composed of 60%, 70%, and 80% of latex, and thus 20%, 30%,
and 40% of tackifier resin dispersion. The resin dispersion was based on modified hydrocarbon
resin (HERCULES DC950330, which has a softening point of 60°C, marketed by Hercules BV).

In the adhesive formulation 0.6 wt. % (wet)of Lumiten® I-RA product was used.

In Table 4, the latex composition is given; the latex used is the same as the latex used in
Example 11.

In Table 6, the properties of the PSA are given.

This Example showed in combination with Examples 14, 15, and 16 the good

compatibility of Ambergum® 3021 stabilized latices with various tackifiers.



NaHCOS 1.6 REPBACERENT SHEET
16 2.0 K2S208 R "
1.5 1.5 2.0 BA L oern
50 50 50 25 MAA
25 25 25 2- EHP8 -
275 Di sponi | [err] SUS I C 875[err] 1 1.4
0.6 Fenopon[err] EP 100[err] avte 1.2
Fenopon[err] EP 120 Composition and characteristics of the latices used  2- 4
Aerosol [err] Al96[err]
5.2 "Msrketed by | ncorporated. "Marketed by Henkel Conpany.
" ne Poul ene Conpany. " Markcetled b toc Conpany.
Marketeq by RhOMOGnemer Composition Th)é Latex y Stabilizeg%se In The Latex

Ex | BAMMA/MAA (85/10/5) | Ambergum® 3021 (1% by weight on monomer)

Ex. 2. BA/MMA/MAA (85/10/5) | Ambergum®302} (1% by weight on monomer)

Ex. 3. BA/MMA/MAA (85/10/5) 1 dioctylsulfosuccinate (0.2%), sulfonated

nonylphenolethoxylate, 9 EO (0.14%), sulfonated
nonylphenolethoxylate, 30 EQ (0.28%)
Ex. 4. BAMMA (95/5) | Ambergum®3021 (1% by weight oo monomer)
Ex. 5. BAMAA (95/5) | Ambergum® 3021 (2% by weight on monomer) H
BA = butylacrylate

MMA = methylmethacrylate

MAA = methacrylic acid

The ratic of monomer is given by weight.
All concentrations of stabilizers are of active matenal by weight on monomer

Table 2

PSA properties at 23°C of the formulations

Peel to PE* Peel to Shear to Loop tack
Stabiilzation of the Latex | (N/25mm) cardboard | steel, 1kg PE
(N/285mm) {min) (N/25mim)

Ex. 1 Ambergum® 3021 (1%) 19 PS** 6 >10000 S | SS**»
Ex. 2 Ambergum® 3021 (1%) 19 PS 7 >10000 6 { SS
Ex. A surfactants 22 PSS 14 822 5188
Ex.3 Ambergum® 3021 (1%) 19 PS 4 2890 12
Ex. 4 Ambergum® 3021 (2%) 18 PS 5 3420 13
Ex. B commercial latex 20 3 >2000 10
Ex.C commercial latex 20 PS 5 1000 12
Ex.D commercial latex 20 PS 4 700 13
*  PE means polyethylenc

b2 3

PS means paper strain
SS means slip stick
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a) a polynmer of at |east one ethylenically unsaturate noner sel ect bd|
f h f | d, hacryl ld,! dufyf¥p ey ¢
romthe group consisting of acrylic aci met hacrylic aci uty: 7
acrylate, nethyl nethacrylate, 2- ethyl hexyl acryl ate, acrjyl i C esters l
styrene, vinyl ethers, vinyl, vinylidene-halides, N-vinyl I !

Table 3 T !
Properties of PSA’s at 23°C using different tackifiers
Peel to Peel to Shear to Loop tack
Tackifier PE cardboard steel, PE
(N/25 mm) | (N2Smm) | 1 kg (min) (N/25 mm)
Ex.3 Tacolyn® 3179 19 4 2890 12
Ex. 5 Tacolyn® 64 16 4 >10000 7
Ex. 6 Tacolyn® 1070 8 3 >10000 5
Table 4
Compeosition and Characteristics of the Latices used
. s Solids
Monomer Composition Stabilizer used Io the Latex Content (%)
Ex. 7 EHA/MAA (95/5) Ambergum® 3021 (1%) 476
Dicyclohexylsulfosuccinate (1%)
Table §
PSA Properties of the formulations
Stabllization of the | PesltaPE | 1O % Shearto | Loop Tack
Late N28 Cardboard steel, 1 kg PE
* mm) (MN/285mm) (min) (N/25mm)
Ex. 7 Ambergum® 3021 3 4 1700 6
Ex E Commercial 8 4 600 6
Ex. F Coramercial 7 4 400 Si
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1,3 pentadi ene, 1,4 pentadiene, cyclopentadi ene, hexadi gné i soners; _ andib

yl

protective colloid with a nol ecul ar wei
selected fromthe group consisting of c met hyl cel | ul ose and
derivatives thereof, having a carboxyl degree of substitution lower limt
of about 0.7, hydroxyet hyl cBSAdropertiesphyariogsdfoxpdatigascel | ul ose,

nmet hyl cel | ul ose, nethyl hydr ox{pekifigt def Weilgbs % ishB&k oxypr opyl cel | ul ose,
poly (acrylic acid) and alkali netal salts thereof, ethoxylated starch

an anount effective for stabilizing thi%_lﬁ_ex system of{ water sol uble
h

derivatives; S0
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The pr essuyre——senstttre—adhest whet-etr—at—teast

one ot her {&difesi vBcilmgriddi ent [i s pregent. 8 4 1700 6
Ex. 8 Tacolyn® 2178 30 8 4 1900 7
Ex. 9 Hercules MGB 185 20 9 7 600 9
Ex. 9 Hercules MGB 185 30 25 18 700 10
Ex. 9 Hercules MGB 185 40 25 15 300 12
Ex. 10 | Tacolyn® 3179 20 8 7 800 9
Ex. 10 | Tacolyn®3179 30 15 8 400 9
Ex. 10 | Tacolyn® 3179 40 21 17 400 16
Ex. 11 | Hercules® DC950330 20 7 6 200 3
Ex. 11 | Hercules® DC950330 30 7 4 300 9
Ex. 11 | Hercules® DC950330 40 20 14 400 14

gf | ess than labaut._75,000, ——---
foky



-24 - 3 The pressure sensitive adhesive conposition of claim?2
wherein at |east one other adhesive ingredient is a tackifigFr: 0"~ -
The pressure sensitive adhesive conposition of claim3 wherejin-the " 7::dl =
tackifier is selected fromthe group consisting of rosin est ets rosin

acid, hydrocarbon resin, resin dispersions based on rosin epgter§ r€Sirni¥7?
dlsperS|ons based on rosin acid, resin dispersions based on hygrocarbon
resin, and resins dispersions of the abovéimentioned resins enulsified Wt

rosin soap instead of conventional surfaskants. 5. The pressure

37 A

sensi tive adhesive conposition of claim 2, mhereln at |east one of the

menbers sel W@ Oty LHH&T = 1% et Fo—agerit, HrefFoarers

t hi ckener, 9ol vent, and reservat g al so m[gr esenpatl Foam
Latex! Sta tli

3
onomer 1zing syst (Y2 Pn2 (nm) ()
Ex. 1 BA/MMAMAA Ambergum® 3021 430 t 150 16
(85/10/5) (1% w/w on monomer)
Ex 2 BA/MMAMAA Ambergum® 3021 460 380 15
(85/10/5) {1% w/w on monomer)
Ex. 3 BA/MMA/MAA surfactants 110 | see footnote ¥ 36
(85/10/5)
DL 322 BA based surfactants <100 <100 35
Primal EP BA based surfactants 520 550 65
5360F
Ex 4 EHA/MMA (95/5) | 2% Ambergum® 3021 + 450 460 Is
1% dicyclobexylsulfosucc
(%ow/w on monomer)
Acronal EHA based surfactants 400 2000 3
V205
Acronal DS | EHA based surfactants 500 1450 14
3464
" Ex. labeled Iatices were produced at Hercules A&D Laboratory.
DL 322 - Dow
Pnmal EP 5560F - Rohm and Haas
Acronal V205 - BASF
Acronal DS 3464 - BASF

(Pnl) Particle size as measured with a Joyce Loebi Disc Centrifuge before shearing the latex, measured in nanometers.
(Pn2) Particle sizc a3 measurc with & Joyce Loebl Disc Centrifuge after shearing the latex, which has been diluted wath demi-
water (1/1) for 5 minutes at high level wath 2 Waring Blender.

" Height of foam layer when test applicd as described under (3).

Latex coagulated upon sheanng.

Latices were prepared according to the formulations in Table 1. The polymenzations
were carried out in a 2-liter glass reaction vessel, which was equipped with a thermocouple, a
reflux condenser, a monomer inlet, an initiator inlet and a half-moon shaped stirrer. The colloid,
buffer and, if relevant, surfactant were simultaneously dissolved in the make up water. After
standing overnight, the temperature was raised to 85°C by means of a water bath. Next, 40% of
the initiator was added in 30 seconds, whereafter the metering of the monomer and the rest of the

initiator was started. The monomer flow was increased to 5%/10 minutes. After 40 minutes,
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peristaltic pump, respectively. The reaction temperature was kept at 85°C. After addition of the
monomer and 90% of the initiator, the temperature was kept at 85°C for an additional hour.
During this time of digestion, the remaining 10% of an initiator was added. Thereafter, the latices

were cooled down to room temperature.

Example 12

This Example clearly reveals the combination of superior mechanical stability together with low
foam tendency for Ambergum® stabilized butylacrylate based latices in comparison with
commercial latices used in this application.

Table 8
{omponent Ex1(g) Ex2(g) Ex A (g) Ex 8 (g) 1

Water 3985 398.5 410 500
Ambergum® D-3021" ] 16.6 16.6 33
NaHCO3 1.6 1.6 1.6 20
K25208 1.5 1.5 1.5 2.0
BA 425 425 425

MMA 50 50 50 25
MAA 25 25 25

2-EHA 275
Disponil® SUS IC 8757 0.6

Fenopon ® EP 10¢° 1.2

Fenopon® EP 120/ 2.4

Aerosol® A196* 5.2

"Marketod by Hercules Incorporated.

"Marketed by Henkel Company.

"Marketed by Rhone Poulenc Company.

“Marketed by Cytec Company.



wherein the protective colloid conprises a cellul ose ether sef ‘ected- fronér"“

group consistin cel lul ose, ethyl hydroxyet hyj c*el4 ul pse, . ie
car boxynet hyl Cﬁjm E mﬁﬁél carboxyl degree of substitulilon' Fower [P
of about 0.7, ;smet hyl hydr oxypr opyl ceI | ul ose e
hydroxypropyl cel |l ul ose and m xtures thereof Ie pressure
sensitive adhesive conposition of claim 10, wherein the cel +dutose--ether ———.
conpri ses carboxynethyl cellulose with a- éérboxyl degree of substitution of
about 0.7-2.09. 12. The pressure sensitive adhesive conposition of
claim 10, wherein the cellul ose ether conprises

car boxyne¥RAThiACoAyREY | cel | ul ose with a hydroxyet hyl nolar substitution
between 0.2 and 2.0 and carboxynet hyl nolar substitution between 0.1 and
1.0.

- 25- 10. The pressure sensitive adhesive conposition F ~iel; al AT f‘lz,iT

L.._.=-.___.

1. A pressure sensitive adhesive composition comprising aqueous emulsion latex system

comprising:

a) a polymer of at least one ethylenically unsaturated monomer selected from the
group consisting of acrylic acid, methacrylic acid, butyl acrylate, methyl methacrylate, 2-
ethylhexyl acrylate, acrylic esters, styrene, vinyl ethers, vinyl, vinylidene halides, N-vinyl
pyrrolidone, ethylene, C, or greater alpha-olefins, allyl amines, allyl esters of saturated
monocarboxylic acids and amides thereof, propylene, 1-butene, 1-pentene, 1-hexene, 1-decene,
allyl amines, allyl acetate, allyl propionate, allyl lactate, their amides, mixtures thereof, 1, 3
butadiene, 1,3 pentadiene, 1,4 pentadiene, cyclopentadiene, hexadiene isomers; and b) an amount
effective for stabilizing the latex system, of water soluble protective colloid with a molecular
weight of less than about 75,000, selected from the group consisting of carboxymethylcellulose
and derivatives thereof, having a carboxyl degree of substitution lower limit of about 0.7,
hydroxyethylcellulose, ethyl hydroxyethylcellulose, methylceliulose, methyl
hydroxypropyicellulose, hydroxypropylcellulose, poly (acrylic acid) and alkali metal salts thereof,
ethoxylated starch derivatives, sodium and other alkali metal polyacrylates, water-soluble starch
glue, gelatin, water-soluble alginates, casein, agar, natural and synthetic gums, partially and fully
hydrolyzed poly (viny! alcohol), polyacrylamide, poly (vinyl pyrrolidone), poly (methyl vinyl

ether-maleic anhydride), guar and derivatives thereof, gelatin, and casein.

2. The pressure sensitive adhesive composition of claim 1, wherein at least one other

adhesive ingredient is present.




13. The pressure sensitive adheﬂﬂ\jﬁmomosi tion of claimk; '\'Mner"éf"ﬁ AHEET |

| east one et hyl enicall ﬂw ﬂm m oner conprises a mnber sel ectéd
fromthe group consi st id, methacrylic aci d& ug ydeo ¢ 1957

acrylate, nethyl net hacryl ate 2 et hyl heyl acrylate, acryli¢ esters, ! i
styrene, 1,3 butadiene, 1,3 pentadiene, 1,4 pentadiene, c CTOpentadteﬁe-i ]
hexadi ene isoners, and m xt ures thereof. -24- 14 The pressure sensitiv

adhesi ve composi tmpr%sueé @inSide amﬁo@wn@ésmo%%aa@m w%mrl anesablhyother
unsat ur at ed nononer conpri ses a menber sel ected fromthe group consi St ng

of vinyl edlesive ngredignt igebamkifiervi nyl, vinylidene halides, N vinyl
pyrrolidone, ethylene, C3 or greater alpha olefins, all yI am nes, allyl
esters of saturated nonocarboxylic acids and am des thereof, and m xtures

ther eof 4. The pressure sensitive adhesive composition of claim 3 wherein the tackifier is selected

from the group consisting of rosin esters, rosin acid, hydrocarbon resin, resin dispersions based on
rosin ester, resin dispersions based on rosin acid, resin dispersions based on hydrocarbon resin,
and resins dispersions of the above-mentioned resins emulsified with rosin soap instead of

conventicnal surfactants.

5. The pressure sensitive adhesive composition of claim 2, wherein at least one of the
members selected from the group consisting of wetting agent, defoamer, thickener, solvent and

preservative is also present.

6. The pressure sensitive adhesive composition of claim 1, wherein the polymer has been
polymerized by aqueous emulsion polymerization in the presence of the water-soluble protective

colloid.

7. The pressure sensitive adhesive composition of claim 1, further comprising from about
0.01 to about 4.0%, by weight based on the total ethylenically unsaturated monomer content, of a

surfactant.

8. The pressure sensitive adhesive composition claim 1, wherein the protective colloid

has a molecular weight upper limit of about 75,000.

9 The pressure sensitive adhesive composition of claim 1, wherein the protective colloid

has a molecular weight upper limit of about 20,000.
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10.  The pressure sensitive adhesive composition of claim 1, wherein the protective colioid

comprises a cellulose ether selected from group consisting of hydroxyethylcellulose,
ethylhydroxyethylcellulose, carboxymethylcellulose having a carboxyl degree of substitution lower
limit of about 0.7, methylcellulose, methylhydroxypropylcellulose, hydroxypropylcellulose, and

mixtures thereof.

11.  The pressure sensitive adhesive composition of claim 10, wherein the cellulose ether

comprises carboxymethylicellulose with a carboxyl degree of substitution of about 0.7-2.9.

12. The pressure sensitive adhesive composition of claim 10, wherein the cellulose ether
comprises carboxymethylhydroxyethylcellulose with a hydroxyethyl molar substitution between

0.2 and 2.0 and carboxymethyl molar substitution between 0.1 and 1.0.

13, The pressure sensitive adhesive composition of claim 1, wherein at least one
ethylenically unsaturated monomer comprises a member selected from the group consisting of
acrylic acid, methacrylic acid, butyl acrylate, methy! methacrylate, 2-ethylheyl acrylate, acrylic
esters, styrene, 1,3 butadiene, 1,3 pentadiene, 1,4 pentadiene, cyclopentadiene, hexadiene isomers,

and mixtures thereof

14, The pressure sensitive adhesive composition of claim 1, wherein at least one
ethylenically unsaturated monomer comprises a member selected from the group consisting of
vinyl esters, viny! ethers, vinyl, vinylidene halides, N-vinyl pyrrolidone, ethylene, C, or greater
alpha olefins, allyl amines, allyl esters of saturated monocarboxylic acids and amides thereof, and

mixtures thereof.
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