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The present invention relates to the use of rheol ogy nodi fiers for

#dj usting 5 wo gsBes1vi scosity of water-based fornul ati ons. P %’E’o%

aspect, the invention rel ates to nodifiers such as po C?U ene
xi de) resins for adj ustgoABINGADDITSVESS FOR WATER-BASED ADHES P¥E!

IIn anot her aspect, the present invention relates to prenetere coat| ng

techni ques for coating substrates with thin filnms of conpositions such as

| at ex- 10 adhesi ves. TECHNICAL FIELD BACKGROUND OF

THE | NVENTI ON Rheol ogy Modifiéers Rheol og 3/

modi fi ers are useful for Thclpmsentmgrennqmlatesmemusmfcbmlqura@lﬁsrqbra justing

function of shgar r X t

vi scosity at § e 71°°§£¥ sﬁgagﬂé?d lggtbo?’\s/ngi“caoiir’%%ta %gg}rw;iéléé"g% ar“ﬁ‘sh

drag. THey nust al sQqo nbdifiersstch as poly(ethylenduxite) fesing fopladjustingahe visgosity off ow

shear rates so as not to sag on vertical surfaces while

permtting |eveling aSFe"&‘%&ts?eﬂﬁ def ect s. The adj ust nent of

ot o ke B AR e S

nmol ecul ar wei ght as 3echhiquésifer ¢dating substrates with thin fims ofitampesitionesch aslatgxt he

i ke. dh See al so Soules et al. "Dynam c Uni axi al Extensional
Vi sc05|ty Ch%pter adhesives. 20, pp. 322-332 in Polyners as Rheol ogy

Modi fiers, D.N. Schulz and J.E. d ass eds., in Anerican Chem cal
Soci ety Syrrposi um Series #462 (1991), whi ch 25 descrl bes the use of
additives to affect various Theol BACKLRE 4 atiBMN hor ne

| at ex pai nt coati ngy g gﬁﬁﬁiﬁ%& et aI . Rheol ogy 32(2) 181-198 (1988)
whi ch des of f|IIers i ncl udi ng pol y(oxyet hyl ene),
to affect the extensi onaRheology modifiersafeaséful fyr sfjusting Haidlieanvisdosity s ay
applications

. ) Two_t ypes, of wat er- base y. rmdlflers
are comonly IRed F@"@B"“ °f3h°?'rTEtFe§r§ég§ﬁ'§§rf°W’m5’ q?ﬂﬁs'ﬂﬁzg]%
referred to as "thig @ﬁ‘éa?ratesTtBG‘gtJe'dbﬁ‘ecttdéP&a%e and brush didgC 'The@ must also, however,

al kal i -activated copol yners of acrylic or hacrylic aC|d nmononer and
have suitable viscosity at low shear rates so as not to sag on vertical surfaces while
permitting leveling of coating defects.
The adjustment of viscosity in water-borne latex paints is often
20 accomplished by the addition of such materials as alkali swellable thickeners, lower
molecular weight associative thickeners, water soluble polymers, and the like.
See also Soules et al. "Dynamic Uniaxial Extensional Viscosity", Chapter
20, pp. 322-332 in Polymers as Rheology Modifiers, D.N. Schulz and J.E. Glass
eds., in American Chemical Society Symposium Series #462 (1991), which
25 describes the use of additives to affect various rheological properties of water-borne
latex paint coatings, and Soules et al. J. Rheology 32(2):181-198 (1988) which
. describes the use of fillers, including poly(oxyethylene), to affect the extensional
viscosity of formulations for spray applications.
Two types of water-based rheology modifiers are commonly used to
30 increase shear viscosity, and are often referred to as "thickeners”. The first type

includes atkali-activated copolymers of acrylic or methacrylic acid monomer and
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PCT/,US96/ 05399 - alkyl (meth)acrylates or butyl acrylate nononer.

Thi ckening is achi eved when initially acidic solutions are
neutralized to pH greater than about 6.5 and the acid groups

become sol ubl e, wawesssg swel | i ng and interaction of the pol ynmery 99
The second type of thickeners, referred to as associative thickeners, are

5 . becomi ng i ncaly €inekidagrylases ardutyl perylate monomer. |Tlmksmnglsf89he\pﬂmm ng .
desired "brush s
are sinmlar to the aﬂ“l?“i’%' 9(%%}? s‘\’/lgtt%g‘é afe utrliled o %‘IEL %'sthaE%ﬁF 63 élfﬁxg'l@iﬁ
grafted nonionic surgmupsehepomgstpiuhmlcqughyvsﬂmatnd mteractlon of timpdymmcbum ar

Cxiromely et fecti ve t i cKEIRREMRGIPe of Mok ek Bty e

wat er The aqugous Sticsii fiﬁcr@d’sﬁ tardf theiint industry for prdvidiag @Rsira M'bréish
(i.e., "shear thinning" n@ﬁ gl?%ﬁﬁ 8& V\aterrySoI ubl e Resins"

Uni o n Carbide Producdrag’and %ﬁehﬁgapl’cnﬂﬂ?ﬁp Thesgglygkenglgggg similar to the alkali-activated

?0?221) : ?én?rln ((:iggg)gﬁeigm%&g“ﬁ ao%#%ﬁ%mg ic s'jr{"'r SO ‘;}gﬁdér yrrer

i ncl udi ng 15 hn@hndslaémm'asslmkei ght pol y(et hyI ene Ooxi de) pol yrrers to
| atex paint in order to their effect on su e es as
spatter and tracking pat t('e‘f'ﬁ'ge"c‘al}mgﬁo’es“‘s Ohesextiren 3’8@%"&‘?‘?‘5}@% .

use of high oriol ow ngyefs il Both etk sﬂpﬁxmderheaqueous soluﬁkﬁislé@décrlb@das
wat er - based systens. See, for exanp S. Patent No. 944, 100

(Brockway et al) whiRspndoplastic Ges "abearéﬁmmm“hn@m eg:od'tqlﬁg)xm@rs‘q'qmbhﬂm

%gsgogoppm PEOCO%%ﬂ&{émﬁd&%&&i@?ﬁ}ﬁ%{drgga?g 1llor SE %Peegﬁglnggfrlen?.se °

U.S. Patent No. 4,507, 41%l4sEhtDymamics af Rl Sjﬂﬂe:rarﬂd&aekmgﬂ,r Goatirige Tech.

I th t sition fqr..coalin sheet
P otucts and (he. ST (S e he iR Shuath sidkic pchuiets Hrbuding
subst ances fonst hi ckfigh maleéld vodishe poly@thylene oxndé)%tylnre& ¥d el phinyin@kdef o

aqueous di spersion of bl ocked isocyanate prepolyne I ncl uded in
the group of thi ckerftusy theitgffeshonsich properiesas spates Bn@trmhtgsrmttsms

including long chain pol ¥, et
al., in US Patent No. 4,54 1823%ﬁbcr| se,qf high.or lo m°lﬁ?“'f’§%gmb§’8&°

gl ycol pol ymer havi rpgl)dmﬂs inovaterthasad snﬂetght See( m:vesammgtm\sememms,amloo

50, 000) 30 f f o | L
ol e1in copol ymer s. _ TRECTHRY PAAR Wajch d6siiod» BBtpettspeeink sPeos g 1 e <

in the manuf agoure cbntainers] the c&ﬁﬁoﬁtidn&ﬁclmtg&hé éptibnal use of 100-800 ppm PEO, which
-2-

can be added for shear enhancement.

U.S. Patent No. 4,507,413 (Thoma et al.) describes a spreadéble
polyurethane reactive coating composition for coating textile sheet products and the
like. The patent describes the optional use of substances for thickening the spread

25 coating viscosity of an aqueous dispersion of blocked isocyanate prepolymer.
Included in the group of thickenihg substances are water soluble polymers,
including long chain polyethylene oxides.

Schuppiser et al., in U.S. Patent No. 4,542,182 describe the use of ethylene
glycol polymer having low molecular weights (MW of between 1,000 and 50,000)

30 for preparing lattices of particles of vinyl acetate olefin copolymers. The lattices, in

turn, are applied as binders in the manufacture of paints, and other materials.
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PCT/,US96/ 05399 U.S. Patent No. 5,108,782 to Reed
describes a silicone rel ease coating emul sion that includes the
use of a water soluble or water dispersible polynmeric . t hi ckeni ng

dgent such as hiwbogmsstcul ar wei ght PEQ. The silicone enul sion j '
to exhibit inproved hol dout of the silicone fromthe subst rate.b&@@&mg

U S. Patent No. 5,342, 883 fdakdn'Ro &,108,782 1 Keed 888bes ASilitHR reibast@biting
sol ubl e polymers formed from al pha, beta-nonoet hylenically

unsat ur at ed nonomer s emBision that includes the psg ofiasvaersolubleior water disparsible polymeric
swel | ed by an aqueoug.gl kal i n i . .
pai nts and neutrali zgﬂa‘%@ﬁﬁgﬁﬁw %@%’s‘%@%‘“ ?vﬁléhtplgf"?ft f‘geﬁsgﬂgxr\ %glhg%lr%gés said
are sai d to be incr easeshibiflithproved holdout of the silicgie figrh eietshbstrateci ght pol yners
such as pol y(ethyl ene OXiﬂﬁ hay, 0, ) revj qusly been,used qr
described as useful for i %?\ﬂeﬂbﬁ?-&’jqzﬁ&mﬁpﬂsgﬁéﬁe?é‘f“se°fwat°rs‘85tfl°
material’s such as m?@&nﬁ%&@ﬁmﬂrﬂ%ﬁﬂﬁlﬁ, B&R-MdnbdthylafEMy unsafirated monomers. The
Adhesi ve Coating Techniques 15 Prenetered |iquid coaters

i ncl ude those in whi ehlymess are either splubledn of preelled by iam aqueous alkaline magiuey When s

o 2L 21t ARG 44 S e i

i ncl ude sl ot coaters, curtaln coa

deliver thin are sajdaebe ingfeasedi eri al s such as adhesives to a
substrate. In each situatjon, fluid |s fed 0, a cqQat | di e,
and in turn i stYpplied to ecplar weigptpolyrpers 6‘?"1'?\36?"1&(9&5’55‘? @’ng?fégg"ez'l?t

(al so known as a " beg\f&iolhgly bh s Sratleribbd E& Yefif Rﬁ‘tiﬁlé}‘gﬁin%ghe éheol%g(x;%atl gn;cgerties

Wth other (e.g., poStnetere coating techniques, s I p and
rol | coaters, the anofmnaterls fchiasiwatepbased ptessurdisensitivesadhesives.depends on t he
fluid properties thenselves, such as fluid viscosity and surface
tension, as well as on the operating conditions such as substrate

speed and coati ng gapdhesive Coating Techniques 1YPically a prenetered coater
provides a coating die for the %Ie,l I very of, . material, and Erovi.des
for a physical®gap bet weelremstered;liguid coatstainglydethoseyy whick thgflow rate of the cogting
stide coaters, the Offelisl i9EsHioRd befcFRits abplRRtich0 aBlibehads shaPQibterd ids) 11
di stance, while with curtain coaters the fgap can be on the order %f

centineters. include slot coatef; dlide soatersaandaurteih cbatens; canbe usedrio deliver dhinlt h

a0, substrate speed RREi il ot o AR BB 5 0 hton i
obtain thinner coatifgscoatihg dis, Ml ieRnii3applitd b b sibistratetn e forACSTR stadfe sher
rate 20 (also known as a "bead" in the context of slot coating).
With other (e.g., postmetered) -coating techniques, such as dip coaters and
. roll coaters, the amount of fluid applied to the substrate depends on the fluid
properties themselves, such as fluid viscosity and surface tension, as well as on the
operating conditions such as substrate speed and coating gap.

25 Typically a premetered coater provides a coating die for the delivery of
material, and provides for a physical gap between the die and substrate. With slot
and slide coaters, the gap is generally more than 100 microns (about 4 mils) in
distance, while with curtain coaters the gap can be on the order of centimeters.

The combination of flow rate per unit width and substrate speed together

30 determine the thickness of the delivered sheet, and in turn of the coating itself. In

order to obtain thinner coatings, it is often more desirable to decrease the flow rate
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PCT/ US96/ 05399 rat her than increase the substrate speed, since
the latter is generally nmore prone to problenms with flow
stability and drying linmtations. The ability to decrease flow

nate, however, iwogessstgl |y |initéd by the rheol ogi cal propertlﬁsﬂ&%& f"
goati ng conposition itself. Lowering a flow rate too

result in the appli C&Eﬂe?ﬂmﬂincm?ethcsubstrﬁ't@@péé@'sixf&éiﬂeQ&téﬂbs% Bafiy 6 o°neto

i nce coating thickness 1's also known to correlate wth e size o

oating gap between pioblen withflowsstability anddrying limitatiops.aTha M@tqmcfkbvw n
the . extrus tOatin oduce
very thin coatings. }a% ek Q%&n@ﬂﬂf BM‘“{tg'thln‘(?j‘g‘r"3 &gélxaltp }%E)ue%%{cgﬁ‘gns :
frequently result i Neompesition ngblﬁilﬁoﬁveﬂughﬂewrate%nmch will sésalt én the applicatioa b
matter that accunulates inh the co grnge ap can cause streaks.

Ti ght gaps al so@ nakehqncunfgay of ypstable sheet garticl es or taped splices in the
substrate to t%ce%@tu?{hﬁkﬁﬁﬁafs@k&wn 103 trelaf®Swith ih@&%&ﬁthéms"
conventional slot coating proces continue to rely on gaps
greater than about S5@®atiggaprbetween the die and substrate, tlﬂr@;ﬂmﬁm&;@n@@ym&adhem ve
| at exes are typi caII t hi ckened. f best han coat

equi pnent. The shear 'Hf'g'f(‘é%élf‘g' @f)t 3|‘15§,"%§%Mﬁglefe°mﬁ%‘1‘{‘jag 6‘8?? fc.

thi ckeners, poly(Vi nildbwévet gdpsiundeabiot00 picromdedhidntly Fesuft ihbiendting Hifficulties,

acrylic emyl sions.. (See, D. Satas, Chapter 13, Handbook of
Pressur e- Sensil0j ve since Pamc"'“%&d??é@f %&Fsem%%'gyhe cPaHNGE4P AR GAULE SRS o

hoLhots for i mpr ovi maEtgabtaltomikeén Rilerkarthl it ik SR eEinIREGLANe o
adhesi ve formul ati ortear thensibstrate (e-g. welt)aAs afresult, most conventiahebsiatzoating provesses ow
rate, or I ncreasi ng gongnu%qg%br)gnggp% Irpatert B@{J%E of prenetered

coati ng. THE | NVENTI ON 25

The present ‘i nvention pr Mesﬁas-sans&ﬁrataﬂhe@iveﬁtmegsarét icany)mmcér&'urf@rbist\mmmhg
based pressure _sensitive, adhesive forggl atian, one or_ nore. hj

ol ecul ar 15 VRS oRfingsamipments Theigheas SP'W WQ‘%‘t'Ye'ésSﬁ’] f‘a"&t‘“‘%!‘dPg geliplosic
concentration suit atthi%kénﬁrsgédl#‘g@[nglraé?ho% and ﬂﬁc&fg @ﬁﬂﬁbﬂé JFaIKkR sdifuiddeer ed

fromthe coating die of a ater
_ emulsions. (See, e.g., D. Satas, Chapter 13, Handbook of Pressure-Sensitive
Adhesive Technology, VanNostrand Reinhold {1982).

It is clear that the industry has a need for methods for improving the

20 coatability of pressure-sensitive adhesive formulations, and in particular, for
decreasing the flow rate, or increasing the coating gap in the course of premetered

coating.

SUMMARY OF THE INVENTION
25 The present invention provides a coating composition comprising a water-
based pressure sensitive adhesive formulation, and one or more high molecular
weight polymers. The polymer is present at a total concentration suitable to alfow
the composition to be delivered from the coating die of a premetered coater in the
form of a stable sheet at a flow rate substantially less than the minimum delivery

30 flow rate achievable using the formulation without polymer.



formof a stable sheet at a flow rate substantially |ess than the m ni num

del ivery 30 flow rate achi evabl e using the formul ati on w thout
pol yrer . -4-
WD 96/ 38511 . PCT/ US96/ 05399

plicant has f®omsssiat surprisingly low levels of polymer cagdRyddese
dramatic i nprovenent in the viscosity of such conpositions, wt hout

fetriment al ef fA‘ﬁﬁﬁcaﬂ{‘hJsf?&mthﬁ%b.éﬂsn%gﬂ& 4 1BRis SEsplyinibe ot AL ¢ 1 €5

f the conposi ti on. ment, the conposition of
the present inventi crenmic improvement insthe viscosity of suglf compeisitions, without detrimental hat

(s 1ess than about (g ARt JRESydlod oBled MofralieuHORE he composinaDOUt 50%

of t he mnlrmmflowraenecessar 0 nal ntaln
f or mul atti on wi t hout addeth @mqmﬂunenndlwcmmmmme p:remnainvagmmpadmtsltlmse

In addition to affecm | ow r ﬁ%ese ention ts, the
coating gap di 3t anc@ta E%‘I oW 12 att'ﬁ)]e P}“B “I%p'iﬁ’fé%%'}f sithafes .
The 10 abi It Yhd SU%%f%éfnﬁlﬂhﬁdi QBN rhtd nédetiary ta%:ﬁtanrars&medsﬁeaefﬁ.eual ly.

thin coating carries I gniticant advantages I n the processing of
such material s. formulation thhout aﬂdedcméymmmdemmpprabh@pwangdondmoasu al is

a pressure-sensitive adhgsi Hf% .such
| at ex, acryl ate-based P ad,gf fog to pffecting %uﬁmgpresen% invation 'ﬁ"g ‘[h

pol ymer can be a |i eedingghp disrahées auyﬁsedtaushma&eabbmbofrﬁbwmher Thei ght
15 ("HMWY) polg/'(,et hyl ene oQxi PEO') pol rs. In another
embodi ment t h¥? ility to E%ﬂ&ﬂ!ﬁ%ﬂy mﬂ?bsqpstegrogl%amquﬂb@@a cpgting,catiegssur e

sensitive adhesive “ggmggf about 50 ppm of a
hi gh nol ecul ar wei g%?ﬂfl%%{mﬂtagesmthepm n écrlllf)}? e‘?ﬁgspect t he

i nvention provides a netinashe@mbodiaeat, thegoated materisids a pressure-sensitioerpdhesive on.
The met hod conpri se s.of form a ter-b pr.essure 20

sensi tive adhesive f”@%%émﬂ ﬁm‘%ﬁ‘i‘ﬂh a’d’ﬂp%ﬁ “"\é\@’r‘?‘hﬁfegi’ggf éfp s gh melgcular
the f or Muib@ighOpblyraertafl Be ARh&E mhﬂauawﬁmr $eh ¥S'Ehigh Fidfectia WeiBHkt | S

added to a final concentration suitable to allow the conposrtion

to be deliver®d frofHM¥ Lerly(ethyleae exide) ("PEQ") PO’GSWG@ MM@FE@O@@&%@W in
the formof a stabl g, ﬁb@%n%&mﬁngehQ%aﬂﬁtbgse%w& g&@%h@ Je“sx eslvea{ué eTt}Ne%rhan

the m ni num delivery wrate evabl e usi eforrru I on

one 25 enbodi nebout 1 phm and labors 150ippmanfc dightnmlecolar wctghaPEOnaI

concentration of betwee "n% bgﬂler aspect, the invention provides a method of preparing a coating
composition. The method comprises the steps of forming a water-based pressure

20 sensitive adhesive formulation, and adding, during or after formation of the
formulation, a high molecular weight polymer. The polymer is added to a final
concentration suitable to allow the composition to be delivered from the coating die
of a premetered coater in the form of a stable sheet at a flow rate substantially less
than the minimum delivery flow rate achievable using the formulation itself. In one

25 embodiment, the polymer is added to achieve a final concentration of between about
1 ppm and about 50 ppm, based on the weight of the composition.

In yet other aspects, the invention provides a coating composition prepared
by the method of the invention, as well as a coating composition preparable by the
method of the invention. In further aspects, the invention provides a coating

30 delivered using a composition of the invention, and a coated product comprising

such a coating.



| ppm and about 50 ppm based on the wei ght of the conposition.
In yet other aspects, the invention provides a coating conposition prepared
by the nethod of the invention, as well as a coating conposition preparable

by the met hod of the invention. In further aspects, the invention
provi des a coat iwg9sAsssi1 delivered using a conposition of th%drfﬁé@&ﬁés@"
and a coated product conprising such a coati ng.
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DESCRI PTI ON Unl ess QB : DN the foll ow ng

Ror mulati o w1 1ot er  Oifess diiruioe ppersnt e PQ Pl Akt P ses shall have the

pressure-sensitive following meafiilpesi ve, capabl e of being provided in coated

formon a desired subst rate as by conventional |iquid coatjng
techni ques. 5 "Formulatf il refer ¢ma waer-based materialy e 8., PESSTAIR-BANSIHINE |

combi nation with one tﬁnesl@ cﬁ}aﬁlg of bel%%rpbihgﬁ]m%h% %@{)on"&ed&#éd BBI4IE b by

accord| ng to the t et ng” o I'Aventt on
“Wat er - based” will rafménﬁoﬁalaiqﬁidrcmﬁngttwhﬂqﬁesepar ed in aqueous form and

i ncluding a suspension of, pressure-s. t|v adhesi ve. The ,adhesive
suspensi on ¢ a n lgg’“?l’i‘?s'ﬂﬂé Vgﬁ F%%(HP & forgylgtion mp¢ “ﬁﬁmhwﬁé Prgpifapre

emul sion (i.e., "I atigyh moREuldr ﬁé@ﬁ%@hﬁﬂ according to thé’&ac?tﬁlﬁ%?th\é%resent invention.
mcrospheres : PreSsure sensitive adheSive" "wll refer to

a viscoel asti dOmaterial \Waser-based! swill refer to a forplation prepared inragueoys form and

PRLTERETS Y 25y SR g b e 08 s ppin

|nstantly to most s e applrcation pféssure.
"Coating” will be uskdniafy suitable fgaiachiding & Rolloidsh emblsion (ic) Flatix)esr a suspension
i nflections 3{1 { he vvorthorefer tothe ability of a conposition
to be delivered in t9f@dhesvgnyerogpheres. thin filmto a substrate (e.g.,

a web). 20 ' "PisfurE dnkitive didhbdive® Wil Fefdro QQ‘SBO&'&SW&&HQ Rétlich(ig! SO
known as extensional) viscosity and shear viscosity. Shear

vi scosity invdfves zsolvent-fies fom remainspatmanentyitacky. Generally, suchmamai will adhere
vel ocity component Vﬁgtﬁrﬁﬁr 18 Mokt dofld RurBle &G \BE Igﬁh:c&t‘i)on' &t‘%h&k En%gsu'e(? n.

"Coating" will be used interchangeably with "coatable” and other inflections
of the word to refer to the ability of a composition to be delivered in the form of a
thin film to a substrate (e.g., a web).

20 "Viscosity" will refer to both elongational (also known as extensional)
viscosity and shear viscosity. Shear viscosity involves a fluid flow determination in
which the velocity component varies only in a plane normal to its direction.
Elongational viscosity involves a fluid flow determination in which the velocity
component varies only in its own coordinate direction.

25 "Spinnability" will refer to the ability to pull a liquid formulation or
compoéition into the form of a stable filament.

*Stable sheet" will refer to a flat liquid film capable of being formed and
delivered from a coating die in a continuous form to a substrate.
"Flow rate” will refer to the volumetric flow of liquid per unit time and

30 width, as expressed in terms of cc/cm-sec.



El ongati onal viscosity involves a fluid flow determ nation in which the

vel Qcity conponent varies only in its own coordinate direction.
25 "Spinnability" will refer to the ability to pull a liquid
formul ation or conposition into the formof a stable filanent.

St abl e sheet" wwdberssgfrer to a flat liquid fil mcapable of bei and
delivered froma coating die in a continuous formto a subst ra{}g?irn%’% 399
“Flow rate" will refer tothe volumetric f.low of .liquid.per uni.t. ti and
30 wi dt h, as expres gg'ﬁ PR g‘rvg@md'fpr%?e@m{ 'cb.ase(a °°gm% °°mp°s'E'°ns tht

- 6- WO Sfichafethe addition of high molecular weight polymers to stabilize liquid sheets or
PCT/ US96/ 05399 . . . [he present _invention pr, vigges

wat er - based coat i ng fl@kifsopingspplicatigns. The use of such plymere signiicantiy mereasesdhe
high mol*ecul ar wei ghysefia)gBdrStabll opbratihg parSmétbid\Whch a8 Strite Speed, coati
films in coating appl?qat_iéc?r?é. Thgﬁuse éo such polyners sieggﬁl'%o;n'{‘%;%ap’
i ncreases the 5 and liquid 86wirate.ange of stabl e operating parameters such as

substrat’e speed, coating . i qui

Appl i cant has di scovered A&ﬁ@%’e‘t hgg8'58?%5&&%33?@#g’gro%%%&ﬂé'gufﬁOfﬁW

pol ymer additives i polutier additivesin cattain aad slot Eaating Spplicaions) MFhe rélationship between
relati onshi p between . ., the coating thickness, T, the substrate
speed, S, and the fItBRpoatingthickness, T, thefubstiate gpeed, S, and the flow satgperipityidth, Q,
formula: 10 _ is givenbgthefoxmula: _ . . =TxsS

For liquids typically used in.curtain coating, the mnimumflow rate to
maintain a stHble curtain is generally on tQeBxder of about 0.5 cc/cm sec.

-

See, : e.qg., E B. tof f apt,er 4. ."Prenet.ered, Coati ng" )
1355167, E.D. Conen ang. For ibids typicalfdGRaT girain gt fhe famimsn doT fare 48
Dryi ng Technol ogy ( kikfidin a A6a6l¥ Gurtdi & %}eﬁérﬂly drbthe order of 4Bbt0.$ BertmiBed h{Seb,0r m

In the curtain propagate ggstreamwt a velocity | owner

th -th
of the falling |iquP®» BRdoweE Cheaptesd, TMMCQM".H%NE?&S% Cohaniand "
thi ckness, $=200 C”ﬁﬁ?@.‘%&t&ﬁ%@%&ﬂm Qhtirg sl 'Diing PEHREb §§955- | Kool i,
coati ng, Ich 1 n so ryr’ng
limtations. Feduct ivoids tifat ight form imthencurtain propagaté ipstveann vithwi vielocityn loveed thani on
of HWWpolyner al | O¥fat loP e E‘all%ng?iallugpansd%ee Qé'e&ri]sdswept away. For a 25 mm coating

thickness, $=200 cm/sec (120 m/min) for liquids commonly used in curtain coating,

t

which in some cases is too fast given drying limitations. Reduction of the minimum
flow rate with the addition of HMW polymer allows lower coating speeds and
20 longer oven residence times.

Applicant has found PEO to be an effective additive for curtain and siot
coating latex adhesives, particularly when used with formulations having a pH of
about 7 or less. Using 8,000,000 MW PEO, for instance, improved coatability was
observed at levels from 2 to 20 parts per million. The effect was shown to

25 disappear after several days, but could be re-established by the addition of more
PEO. Off-line, stable sheets can be achieved using PEO-thickened latex at flow
" rates on the order of ten times lower than for unthickened PSA formulations.

Such a large effect makes it possible to tailor water-based formulations for

curtain coating at speeds of 10-300 m/min and thicknesses as low as 10 microns.
30 Likewise, slot coating of water-based liquids is made possible at process conditions

previously unattainable.
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20 | onger oven residence tines. Applicant has found
PEO.to be an effective additive for curtain and sl ot coati ng

| at ex adhesives, particularly when uséd with formnul ati ons having a pH of
about 7 or less. Using 8, 000,000 MVPEO, for instance, inproved coatability

was obwengsssint | evels from2 to 20 parts per mllio [@55 ct
vas shown to 25 di sappear after several days, but could b;bcr E&Jg&
Je est abli shed by the addition of nore PEQ. Of-line, stable
heets can be achi eved using PEO thickened | atex -at fl ow rates on

tthe order often ti ne&oltingdormplationsor unt hi ckened PSA fornul ati ons.
éuch a large effect makesD

for cur t ai n coat PiBiord sl GabBles Sbechiis hhver@hie RRURRRIL 010
ow as 10 microns. 3present inventionani mevidal thhapta:tlh'g\wjhc\Mheuveb‘QMalkhSatasdn

I_;_ made possi bl e o ﬁgégr f esgs o? lg)rrt]:gsh;el-é)erx]\gltlﬁ Adhesive T rngl\cl)gy,l OL{?an %Pr%& ﬁéirr}ﬁo%e'

PCT/ US96/ 05399 h@%&lb 5061ieh Rlidcodrated herein by reference, Such
Descriptions and exarrp acryfw% adﬁh"l'sl ves&?mtabelreemf%? use I n the

present invention ar edlpsmw adeﬂc pmpmdafnom rmomsmemm firiclude\adrylgteydigcryla@onal d

Nostrand Rei nhol d  aaviae el Sfefiaryibi. biahsctpls, feiinch i & 4"

i ncor porated herein hquaﬁfde,r@aqmukSuch adhesi ves can be pr epar ed
from nmononers that include acrylate, diacry cryl ate,
net hacryl at e, 18 net hacr y| kane WW%?%&@FW@B@“IOPQF F}'&Mﬁ!ﬂ?r’wl €8 a pressure-

acryl am de, and the Ldjkgve Meslveérar%culaﬂg pol;vln?l BIKs m@%%mbédhﬁm S. Patent

conposition of the invention iIn sensitive
adhesi ve, parti cul arNg. MI&QQmﬂhclmAlmtmseRSﬁs aryph; m!wl;rsdfehb donylage SsteBafent

No. Re 24,996. Inclu i.n.these P of , t he | at e
esters of gcgﬂ')‘f‘lw v @"ﬁﬁ?ﬁ%ﬁ%??%?r}fo’sﬂ 'f/ @1“"3{ Ecﬂ%@g’%’uch as
n- but anol , n- pent anoisopentanol, 2-methyl &aﬁmtlamemyl bataiol Metlbﬂﬁ@mﬂol 3lmethyihy| .
butanol , 2-met yl pentano

, ent anol et anol ,
pent anol -3, 318/ 5-¢ rP‘?ﬁ‘&“ﬂ{v ngﬁﬂ?%k ﬁ‘?ﬁ‘ﬂ@l’ gé S-tnmethylhexano{“égggp&-ﬁ
n- decanol , dodecanol isoGtifhol, ASdebdnbE dodieRani?! dnd % Ik ds QbR agm!fa@ﬁo‘;ymm.

In one embodiment, preferred PSA formulations generally comprise a blend
of materials that include an acrylate (or methacrylate) copolymer having an inherent
viscosity greater than about 0.2 dl/g. The copolymer comprises polymerized

20 primary monomers and optionally polar comonomer. The primary monomer
component comprises at least one free radically polymerizable vinyl monomer which
is an acrylic or methacrylic acid ester of a non-tertiary alcoho! having from 1 to 18
carbon atoms with the average number of carbon atoms being about 4-12. The
polar monomer component is copolymerizable with the primary monomer and the

25 amount by weight of polar monomer is up to about 30% of the total weight of all
the monomers in the copolymer. Suitable formulations of this type are qescﬁbed,
for instancg, in U.S. Patent No. 4,737,577 (Brown), the disclosure of which is
incorporated herein by reference.

Other monomers may also be included in the formulation, including for

30 instance, up to about 150 parts by weight of a compatible tackifying resin per 100



I n one enbodi nent, preferred PSA fornul ati ons generally conprise a bl end

of materials that include an acrylate (or nethacryl ate) copol yner having an
i nher ent viscosity greater than about 0.2 dl/g. The copol yner
conpri ses pol ynerized 20 prinmary mononers and optionally polar

conononer. The pwomsasssinononer conponent conprises at mgwggg
free radically polynerizable vinyl nmonomer which Is an acrylic or

met hacrylic acid ester of .00 n-tertiar ohal having froml.to

carbon atoms with t hd24yBrXHe 'rﬁ?ﬁﬁ@ 6 x%&'?g’o%‘"é rﬁémﬁg?' gﬁhg{ﬂcogxpﬂble The
pol ar monomner Corrponwmsnm&rﬁapmwpmbymgmwmmm primary nononer and the
25 . anount by wei ght of a rrgno risupto about 30% of t he t ot al
wei ght of all t‘i%&]‘& PSA; fgrmulations fog uss i the Ligyention typically

formul ations of this ﬂauae ﬁ%ﬁﬁauaﬁﬁsd%b@%out 60% solids. anﬁ%efeﬁsnyaﬂﬁmovno%&t
Patent No. 4,737,577 (Brown), the disclosure of whic

i ncor por at ed he¥ei n BP%solids by wsight, based Onthewelshtofﬂ@tfhmulatMONHS may al so

150 parta oy vel ant o 5 CoMBRPHRES: B Gigiain st AR ol nc i,

96/ 38511 form of adhesive rmcrospheres Smtable mtcrospheres include those descn’bed in

par (5 by wei ght of a“eaRpRE BT appication WO SRS tacky Beromitee avae Bypdan
wei ght of copol yner. g dro hilic Polymenc oTOMtﬁéﬁll\ﬁolhﬁsﬁe’ﬁ!ﬁ%fs&ﬁM Rios ggs for

use in the present invention I ca I ncl ude from about 30%to
about 60% sol i ¥, an(]ntpmﬁoaabmpgcaabono PIODAXS83/41767), th&disclosure affyshichas | ds, by

wei ght, based on the, vvel H%edﬁ? g r mul at i on. Coat i ng
formul ati ons can be eﬁelB hEFFEPrs as wel |, incl udi ng in the

form of adhesive m crospheres Sui tabl e m crospheres include those
described in . ... co-pending PCT application WO 94/13751, ("Tacky
M cr ospheres Havi ng lar Weight Pol ophilic Polyneric or Qigoneric
Moi eties", filed 9 Decenb |

. F% s?} %tfrﬁ m%&l?]r we:éh%&&:ﬂ@!s lf&ﬂ?sk n?ﬂﬂhhg .’3 %xd&ﬂs of

PCT/ US93/ 11967), the disc I ncor por erern
by reference. 15 the preseniﬂl lg\renM:h mch:ﬂaethylénegpxidelpolymees and copolymers as described,

5 he S?eg‘é'nfci”kar A et B M GBS B St e

as descri bed, e.rsm aﬂccan JZKEﬁam&,ee(Polwmey& 'Song 199G 37 - 343
I n Conci se Encycl oped| a of yrrer Sci,ence and Engi neering.. J.
Kroschwitz, ed. J. wPressred FBAW polmgqg prov:dean optimal combination of such properhes as

flexibility, low glass transition temperature ("Tg"), water solubility. Preferred

20 HMW polymers also have a molecular weight of at least about 100,000 g/mole,
preferably at least about 1,000,000 g/mole, and most preferably at least about
5,000,000 g/mole. :

Examples of preferred HMW polymers include those known as
poly(ethylene oxide) polymers having the repeating unit -(CH2 - CH2 - O)n - and

25 available commercially under the trademark POLYOX. The commercial product is
a free-flowing white powder in molecular weight grades ranging from about 1 x
10(5) to 5 x 10(6). Such polymers are nonionic, high molecular weight (from
100,000 to about 8,000,000) water-soluble poly(ethylene oxide) polymers.

HMW PEO is preferred since it provides an inexpensive additive for

30 modifying the rheology of latex adhesives for curtain and extrusion coating.

Applicant has found that it is effective at extremely low levels, provides improved
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Preferred HWVN pol yners provide an optimal conbination of such 'properties as
flexibility, low glass transition tenperature ("Tg"), water solubility.

Prefered 20 HWVN pol ynmers al so have a nol ecul ar wei ght of at | east
about 100, 000 g/ nol e. preferably at |east about 1,000,000 g/nvole,
and nost pref er avbwsBésit east. about 5, 000, 000 g/ nol e.

Exanpl es of preferred HWVpol yners include those known as PCTIUS96/05399

pol y(et hyl ene oxi de) w3V On -
and 25 avai | ablﬁ%ﬁnﬁg?c}{@ﬁ%ﬂﬁ% ,Ie& EjHa Ial{%&“ﬁé@éyb%ass
comerci al product i stransition tempemtire Ekg).fand \providesincasanable adiesive propeities ul ar

wei ght grades ranging fromabout 1 X 10(5) to 5 x 10(6). Such

pol ymers are nonionic, high nolecular weight (from 100,000 to
about 8,000, 000) wat epfresapat @I&@m#@@ég,ﬁa@ oxi de) polymers.

HMWVPEO is preferred since It provides an I nexpensive additive for 30

nodi fyi ng the rheol ogy of Formuiationsipfthe present invertionican he made usiog conyestional

SO0 e B’ DB B il s il |
:_DCT / Usbﬁ/ 0539|9 | polwder valsrﬁnw mhnfhctﬁmrs(suggeghm:it thobmderﬁrssbemgirbﬂ)nﬂ:a thg
atex, has re atlvey 0 ass ra on.tenperature (Tg), an

provi des r.easonabl e Somnf W”ﬁ?"ﬁ"ﬂ@#‘i%’%”l““m !Psulta{)leahqqo& (g1 om 3

Coating Conposi tions gacR solution and added to a'i‘SrAr?éhﬁﬁlhﬁH?ﬁn Ofdet qu]umc??] Féproducibly,

i nvention can be made using conventi onal m X1 n ques.
Si nce PEO pol yHers araad glectively formparcomposition of thenigvéntiony The mck solut:on in turn,

Ppader. vari ous TR ERkik Sk V8Tt dibhy bag R Sonkbidin o7 B PLC0, "
can be withdrawn froma Inview of the pedset keashing thoseiskilled imthe ad wilbapprétiste the

formulation in order to quic t epr oduci bl y, effectjvely
forma conposition of "R M Wsﬁﬁﬁ’?'?ﬂ?s Pﬂ’ﬁ@%‘f%ﬂ"@@ﬂ'ﬁ%mﬁmg‘qs&?ﬂ’ °f1th° present

provides greater | onggeftidh. %ﬁb&rbﬁéﬁe&ﬂﬂhd@?ﬁe&hﬂ@émﬁWQQ&M olym

In view of the}éresent teaching those skilled in the art wll 1E)remate
t he nner OPWCM#th.\Ibﬁ podymer pml@nbt weightc fmmplationpii. fand ghelf stability t he

scope of the present P&Va%&t)élgﬁ;\ coHEeRerRnd W Q@ﬁaﬂ ’B‘é'u?%f’ata lids

relative and final |atex 24 concentr
nmol ecul ar wei ght, f ocondestration qﬁbbouam%sdne&dut 60%I3olidst by weight ofthefonnulat:on AtAs

oS et O TGN SN Bt R T
formul ation. At incorporated into a formulation in any suitable manner, e.g., during or after the
20 preparation of the PSA formulation. For use in slot coating applications, one or
more high molecular weight polymers are preferably present in a total concentration -
of between about 1 ppm to about 50 ppm, and preferably between about 2 ppm and
about 20 ppm, based on the weight of the final composition. For slot coating
microsphere PSA compositions, the high molecular weight polymer is present in a
25 total concentration of between about 10 ppm and about 1000 ppm, and preferably
between about 100 ppm and about 500 ppm.

For use in curtain coating applications, the high molecular weight polymer is
preferably present at a concentration of between about 10 ppm and about 100 ppm,
more preferably between about 20 ppm and about 70 ppm, and most preferably

30 between about 30 ppm and about 60 ppm. Generally, lower concentrations of PSA
solids are associated with higher HMW polymer concentrations.
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t hese preferred PSA concentrations, high nolecular weight polynmer can be
I ncorporated into a fornmulation in any suitable manner, e.g., during or

after the 20 preparation of the PSA formul ation. For use in sl ot
coating applications, one or nore hi gh nol ecul ar wei ght pol yners
are preferably pwedesdsiin a total concentration of bemmyt

1 ppmto about 50 ppm and preferably between about 2 ppm and

about. 20 ppm based on NG el gllnafihe biSeble I SONIARN imdBhhbein

coati ng m crosp osi U1 ons g
pol ynmer is present | assarisghthe effectiveriess ofpolyaeent Gateraﬂp,mépﬁeshmébeaannltolo ppm

about 500 ppm " S aciic! Piskuer ofon the bt SHRA LR A areBRNER UL,

the hi git nol ecul ar WMG&%fB&'v%BE&bdu?th%andesbdiH refeamy present at a
concentration of between about 10 m and about

preferably between about t@lspgsapesrdt mquesmmow@lmnwgs&fam@aﬂs@
bet bout 30
pn o 00U 301 o WM SR el Bkl BEth R oy M ou B BHRE ol Rl

-10- WO 9@ d&siiied in the EXAMPLES, the effect can be re-estabhshed in the same

PCT/ US96/ 05399 ...t a £S th H of, t

formulation is an i nﬂ'@?qeéﬂlat?é’fﬁsd’?'l'?lweggﬁ ed"ealys‘i’ﬁﬁl 6"“{#&? Bﬂ eness
of pol yner. General | yhandePBesetibsd Herdigl be neutral to sli ght |y
acidic. pH values of on the order of pH2 to pH 7 are suitable, with pH

val ues of betwden about pH 4 and pH 6 being preferred. 5 It

al so appears that thg gﬁgﬁg §I®8§ @0 gf pol ymer on the PSA forrrul ation
are transient in nat easi ng over the course of storage
over a week. ASTIéfiventibf Provitles & erafeXbived Eoating B6mgdsitivhlthat dithides the
re-established in the sane manner that is wasg initiall

establ i shed, i.e., byseohbighampleculss wsighhpplymento providg stabilization of hqwiﬁms or

described herein. 10giamentsin coat:ﬁ@fppﬁéaﬁ@ﬁ@t COfpSABAE BF {he PRZent invention can be
The invention prow des a water-based coating conposition that includes the

use of high noliSecul aksedin gyariesoofieating techniqyes, including isintain gedtiog and sipt @i d

sheet s or ClbaBpicaohg) 3k 8 AGBLHEAIIS AmcAUPES] haBetly L1

present invention can coat techni ques,
i ncl udi ng curtai n co@bating", Lhapter é,tpp( 112167 in Modern Coatmg and Drying Technology, E.

Cohen and E. Gutoff, eds.
A composition of the present invention can be delivered from the coating die
20 of a premetered coater in the form of a stable sheet or filament at a flow rate
substantially less than the minimum delivery flow rate achievable using the
formulation itself.
The flow rate of a PSA formulation can be determined using the same coater
and techniques as that of the comparable PSA/polymer composition. Under these
25 conditions, the minimum flow rate at which the PSA can be delivered in the form of
a stable sheet or filament will be compared with the minimum flow rate of the

composition capable of reproducibly producing a stable sheet or filament. .
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extrusion) coating, of latex and m crosphere-PSA materials. See,
"Prenetered Coati ng", Chapter 4, pp. 117-167 in Mdern Coating
and Dryi ng Technol ogy, E. Cohen and E. Gutoff, eds.

conposition of the present invention can be delivered fromthe coating
die 20 of awwy red coater in the formof a stable sheef or
filament at a flow ?gtﬁ%ﬁ substantially |ess than the nPRlHE10S399
delivery flow rate achi evabl e using the formul ation itself
The flow rate of a PSuaipandslokcoatiie-an pe det ernined using the same coater

and techni ques as that of The\e 6PHBSHYEHIEn B vYe PréskiThives iffchri?) incrEbE6y the

t hese 25 conditions, the mnimimflow rate at which the PSA can be
delivered in the formﬁﬂrangeofpremete@dgpﬁm@m&pa@meﬁerﬂsawmwSeee,

conpared with the m gj gg;ﬂémﬁ@e £adf ratd1€ conposi ti on capabl e of

reproduci bly produ0|ng et or filanent.
W) 96/ 38511 5 Curtain coating offers severat advantages over dﬂﬁfﬂldseﬂir@mﬁods
Curtain and slot coatin

f t
present invention si 'Qﬁlf’gf'ﬁ afAsY gplich em&bﬂm@ usé Soniifoftn als'gB ﬁ‘l’sbsi"ﬁtt%n Osbi"“&]

premetered coater opgf&ipbid smmraﬁgy%imaglchoasvémmgjﬁmammme
coating gap, and liquid flow rate rtain coating offers

several advantages ofelatively high flaweate seguiredtormaintaina stable curtain usingRuicoRing eas y

splice passage, abi Iﬁ to use nonuni form di e-to-substrate gaps, and
an exposed slot for ‘easy’ cl eaning. However, one major drawback has been the -

relatively hido flow rat eWhanused hcbuhmmtfmgq:rmessestfaﬁhsmu,rthmpmmngs ofany
coating | i qui ds

1N G aLn Coatl
processes, for instd § peeSens i Baieg ey idegiamitipnhy bnproved Sspnabily o 56k, SOmrahY

i nvention provide si GrPJtﬁ&ﬂiﬁtN{YDédﬁP"lﬁéfﬂﬂmémFB)ﬁﬁér'l‘rédéssmggeﬂChB‘iB@thal' ly,
C. Petrie and M Denn, Instabilities in Poly Pr ocessi ;% Al ChE Jour nal

22(2):209- 235 (1976)22(2}%09d43§d|1mrtbedisclqmecgfwisch!ﬁtvé@rp dereinchyapferange.

ref er ence. ons,
in turn, pernmts de5|r' gieﬁ‘éﬁ‘gn&ﬂits}‘whg:htgé%tgé E‘ ﬁemhgﬁocessﬁ}gaue

par anet ers. Suéh charhgagesitobd makle in bmcessmgtpanam;ers Such changestmnhlchkfor instancep
use a |l ower flow rat | ower fi coat,i or a ven
aubsirate speed. or e RO o uiRApwet fvessian s Hodliantied vl S pivep

wei ght . substmes'iéedwosmmmbatr&tb ied SorGogiven! fin@l doRiingviéightSt abl e
curtains at flow rates as | ow out 0.05 cc/sec- cmo curtain

wi dth, as conpared to fl owch spipnablediquids mélsemmmeetabemw% gwirgey as low
cc/sec-cm for PSA f qiHhi0 65%/s86-ER OF burtaividll, 30 Edmpard to Folvastes 666h the order

20 of 0.5 to 1 cc/sec-cm for PSA formulations without PEQ. Significant effect can in
some cases be achieved by as little as 5 parts per million. Such low levels produce
little effect on the adhesion properties of the final dried film, and little effect on low
shear rate (i.e. leveling) characteristics of the liquid.

When coated in a conventional slot coating process, conventional latex

25 adhesive formulations typically require a coating gap of on the order of 75 microns
to 100 microns to achieve a 50 micron coating thickness. By comparison,
compositions of the present invention can achieve a similar coating thickness using
a coating gap of on the order of 250 micron to 500 micron or higher.

The method and composition of the present invention can also be used to

30 improve the coatability of compositions containing adhesive microspheres. Such

microspheres are typically formed of materials intended for use as pressure sensitive
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sone cases be achi eved by as little as 5 parts per mllion. Such |ow |l evels

pr oduce little effect on the adhesion properties of the final
dried film and little effect on | ow shear rate (i.e. leveling)
characteristics of the |iquid. When coated in a
conventional sl ovoeessiing process, conventional |atex 25 9¥,
formul ations typically require a coating gap of on the order of Ths

to 100 microns to achj eve a oat i n ckness ak on,

conpositions of the ‘B*eéggﬁﬂfm‘?m‘i@ﬂ? %ﬁ#“é‘&%\"@?ﬁe"? Spepglp%gppig%qfl r}g

t5 Bgckness usi ng . 94/13751, @“mﬁimo@ﬁéreﬁﬂaﬁigkdﬂgamﬂgﬂfoﬁhﬂlc%@méh eb?n L 0
m cron or higher 0 nd cqQ don of the

present invention cmsamwve'%%dﬁ%%’tfmbﬂ 1%39‘@"1“?1&?386%{# 1GgHoRMPy of

conposi t'i ons cont ai POTRUSIBILRIETS; the discR3RredF Fhich RURdbrporated herein b réfeRRfBIET €5

are typically formed of materials intended for use as pressure sensitive

W 96/ 38511
PCT/ US96/ 05399 Filam mﬁéﬂ ves, and include the naterials described in
co- pendi ng appl i cat ,—6%1-%*'————— 94/ 13751, ("Tacky M crospheres Havi ng
Pendant Hydrophilic Pol ySeash cbnﬁfosxtlons can also bébsed eonform@PS¥bfileinents, 'whiéh dar e O

Decenber 1993 as | nternational I i,catio [ US93/ 11967),
the discl osure of WH?@W& eée?ag?"é‘i‘s@“ﬁ?» F@F@f%ﬁg"m@ Pp. 3862402
Fil ament formation onms En BPEYmECSERASE &r rfe@fing2 1 Srob&hwie. 564, §.0
form PSA fil anents, can use o for m and coat webs. See,-

for instance, 10 Fi be M&ley %Sﬂmsab?ﬂ?s the disglosurg gfwhicipis incorporated hereigby e¢fesence.

ke 978002 ©Lo00. VThe GRS BAyF O SRR unbs AREHRE Blchre i s 1O

reference. spinning techxﬁuae irovhivh a imly:ﬁa%abﬁoﬁ Riexkeddd fEgnih Spindeddt N0
spi nni ng processes such_as Lnning techniques in which a

pol ymer sol ution i sﬂmahmefwmlat@ﬁpmrsg@mdly evaporated. Jgaying filaments that are
which th | t f
WO{JIc‘;ld upeafos\pl)ggdsl gvp to %‘ysﬂ'é“?@%@wthmmp%ﬁ% ecﬂﬁg%’ggeéegseﬁﬂas

useful as 15 15 wel wellwherein a palypmt solationgdxtrudesifrom aspinnereidotofa npmsalvent that

spinneret into a nonsoly ulat e e., precipitates)
the polymer to for mc?qgf’%%é:@t% Biecipitates) the pofyher 1o 'Fﬁ g"‘é‘ﬁ'&‘ ot her exanpl es of
the invention are il ustThésedndytherexainples ofthéi@vention are illustrsredbly ehe foltovehg

should not be viewed as_ limnmting .i.n sco
examples wrnlch shguld not be \Rewed as limiting in scope.

20 EXAMPLES

TEST METHODS

Pegl adhesion test
The peel adhesion properties of coated materials was determined according

to American Society for Testing and Materials Test Method ASTM D3330-90

25 using glass as the test substrate. Diacetone alcohol and 2-propanol were used to
clean the glass plate. A small test piece (1/2 inch by 6-8 inches) was prepared and
applied. The coating was then rolled down with a 4.5 pound roller, and evaluated
immediately at either 31 cm/minute or 230 cmv/minute.
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20 EXAMPLES TEST METHODS

Peel. adhesion test. The peel adhesion properties of coated
mat eri al s was determ ned accordi ng to Anerican Society for Testing
and Materials Test Method ASTM D3330-90 25 usi ng gl ass as the t est
substrate. D acewonssssicohol and 2-propanol were used to Q@ g N€
glass plate. A small test piece (1/2 inch by 6-8 inches) was prepare and

applied. The coating _was then rolled down with a 4.5 pound roller, and

eval uat ed | SHeEESt o y at either 31 cm mnute or 230 crrlm nut e.
-13- WO 96/ 3&5331' was detenmned using an adhesive piece (agprox 1.3 emx 1.3 cm),
PCT/ US96/ 05399 ear was determ ned

usi ng an adhesi ve p|ly@5weth}§dnggraplgaQ;ﬁp§@aftagd§mteelplate AP'WWG?@PM Ray
1000 gram | oad fromél‘eaﬁ tﬂﬁl@&%té ;Flﬁ'th @g&f&wﬁnm £48 pouﬁg (h?l ais&eﬁnd

cl eaned stainless ste ate, wnwlthazi SI X
passes) and § evalaated mat@vmﬂomlsh&avstaﬁommhbarmmgmerdb.pem at

tests were generall erfornmed at room t enperat ure,_and 70
degrees C. Results é"g‘ﬁ"@'ﬂc}ﬂ‘%ﬂaﬂ"? :mdﬁgtdggreese Resufl are JeRoCet IHORuEE | he
poi nt the adhesive siRiRahnbest thoPEIhEhe hdhekivOsBphraRd Rbmpletely from the plate.  Pr obe

tack 10 The tack of sheets coated with a conposition or
formul ati on descri bed herei n was neasured with a Pol yken Probe
Tack tester (avail atﬂE% E &M Kendal | Conmpany) according to
Aneri can Soci ety fo g and Materials Test Mt hod

The tack of sheets coated with a composition or formulation described
herein was measured with a Polyken Probe Tack tester (available from Kendall
Company) according to American Society for Testing and Materials Test Method
ASTM D2979-88. Compositions were coated onto 10 mil paper, yielding the dried
coating thickness described in the EXAMPLES. After cleaning the probe with ethyl

15 acetate using a lint-free cloth, a 2 cm x 2 cm sample of the coated sheet was placed
on the annular ring weight of the apparatus. For latex formulations/compositions,
the tack was then measured and recorded using a 10 mm stainless steel probe
having an area of 1 square centimeter with a speed of 1 cm/sec and a dwell time of
1 second.

20

EXAMPLE 1
Latex PSA "A" - Effect of PEO (25 ppm, 52 ppm)

Latex A was obtained in the form of a polyacrylic latex PSA. A stock
solution of 4000 parts per million ("ppm") PEO (based on the weight of the
25 solution) was prepared using 8,000,000 molecular weight poly(ethylene oxide),
obtained from Aldrich Chemical Co. (catalogue number 37,283-8). The stock
solution was prepared by slowing adding PEO powder to water while stirring with a
magnetic stir bar. Following complete addition of the PEQ, the composition was
continuously stirred until the PEO had completely dissolved, generally within one to
30 four hours. Aliquots of the stock PEQ solution were then added to the latex

formulations, during continuous mixing, in amounts sufficient to provide 25 and 52

-14-



ASTM D2979-88. Conpositions were coated onto 10 m | paper, yielding the
dried coating thickness described in the EXAMPLES. After cleaning
the probe with ethyl 15 acetate using alint-free cloth, a 2 cmx 2 cm
sanpl e of the coated sheet was pl aced on the annular ri ng wei ght:

of the appar at uswolemsssiat ex fornul ati ons/conpositions, gf/t}gssyngfglé
was then nmeasured and recorded using a 10 mm stai nl ess steel probe

having an area of | SQUHE rEGRAIY, Babed brl dtal SRR Wweibnt "Wibfg HF Lo
EXAVPLE 1 up to 10 minutes following the tast #d8ichAf PEOEf f ect of PEO (25 ppm

52 ppm was. o ned. i n, th for crylic
latex PSA. A stock 1“°‘defésﬁ @FS%G‘S F‘P’%ﬁg ‘%ﬁﬁ) PEO

(based on the wei ghisarblt has Baded mtothe%iiplﬂflaﬁﬂthtzmrmbxﬁ&ézr(@ﬂ;hﬂﬁm BndERKP0
mol ecul ar wei ght pol y(et hyl ene oxi de) , obtai ned from Al dr| ch
Cheni cal Co. %cat al age@sntm dmwmkezgsmyewm@egt wteand 25 degrees ceptigradefor thes

prepared by sl ow nglﬁigﬁ!'ﬂg SOy ‘é’?ksh

magnetic stir bar. OW ng corrgvgeatafet'ogg)gp?l on o ES%W&’Eeﬂ“g%EpOQ tion
was conti naﬁmsﬁlkhte:tsampledlau ivaded inteethPBfeakexabf smoppiosedhozzididesioe ved,
generally within one,to 30 ots of .the st kPEO

sol ution were then ?ﬁ'ﬁé’ﬁ‘%‘@‘%‘ﬂ@a ift%ggrem elongatxoﬁ#i(yfsmgfaﬁgzreg%

C({Zt' nuous mi Xi ng, r@ﬁ%m g ab@aﬁmﬁatﬁrﬂrﬁoqu4laegumm?g5amﬂrﬁ?exwuhand

PCT/ US96/ 05399 Wltho“féﬁrﬂ’lﬂliﬁo respectively, based on total conposition
wei ght. M xi ng was conti nued up to 10 mnutes follow ng the | ast
addi ti on of PEQ In order to determ ne the shear viscosity

of a sanple, a twelve mII|I|ter sargBEEWas | oaded into the cup of
a rotational rheongel d shegr § viscosity data were

taken at increasing > JratexcA 58% | §2 ppw 8x30° | 152 ppm 8x10°
latex with and with it ORSAf-shea®. | TheP8Asul t 5 BE@ -sghear | ded PEOFABLE
1. A 200 m@liliter ganpisensitys Ioalohgitmntlo t he breakef elbngational
opposed nozzle deV| e (Rheomeftl LS Mutﬁnd apparent e] ongati onal
vi scosity data wer : taker—at H¢eastre—etphgatoet—
24 degrees centigrgde for 1.2fex withoedd 10 48000 t hout S820pnPEQ. 16600
1.8 730 600
2.9 530 28500 440 11300
4.6 400 330
7.3 ~__ 300 20000 : 250 10100
12 230 210
19 170 10900 150 10600
29 130 150
46 110 5040 780 16600
73 92 660
120 78 2300 520 21800
190 67 . 430
290 59 1100 370 14100
460 53 350
730 48
920 44
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TABLE 1 Strain Rate Latex A 55% Latex A 55% 52 ppm 8xl O[err]

52 ppm 8xl O[err] (see[err]) PSA -shear PSA - PEO

= shear PEO viscosity  elongational
longat i onal vi scosity

1.2 100Gyq 9613 48000 820 16600

18 730 ss11 600 PETEISI6/05399

530 28500 440 11300 4.6

400 330 7.3 300

20000 250 10100 ) 12 230

i(l)goo 19 2 goth the shear aan!%L;Hgational viscclnsnot?eos%r the oompositioﬂsS%gBr

42 1 ég sudden and §i@rificant increase aﬁerg«g(()kec-] strain rate. Inlgtil0 Gontrza(s)t, the latex

7 1 .

78 300 formulation without PEO shows only dgergasing viscosities with increasipg gtain

67 : . e e . S

1100 370 rate. The straﬁ%&% 8vh|ch the viscosity incréasdd ﬁrglothe magmtudé mgrgase

350 corf&lated directly with theldkgree of spinnability observed) 2@ more spinnable 44

WO 96/ 38511

PCT/ US96/ 05399 compositions show larger yiscofty; ingreass at g loyyer stiginge. ; ; o4

viscosities for the conpABLE$ho™s ailkesion data for the R PSANWitFdnd WifhoaPdtidition
i ncrease after 46 sec-1 strain rate. In stark contrast, the latex 5

fornul ati on w hout oFRTPEMERS- dinalingsevereenpliedby hand &y mfﬁesa pelyaster FebsEalsi ng
stain [ 21 €unddi kbl A kil Sie S0 LGl \gdp'hE siblv A58 Hlotirate YpLeA T FSuMRY

t he magni tude of increas
2 and 10 cnv/sec after 0 and 2 days from preparation of the composition. The

coatings produced from the latex PSA/PEQO compositions produced at 2 cm/sec

were more uniform in thickness than those produced at 10 cm/sec.

15
TABLE 2
‘Coating | Time from | PEO [Peel Adhesion Shears Probe Tack
speed |[mix to coat|(ppm){3lcm/mi 230 cm/min{RT (mins) ()
(cm/sec) | (days) (g/cm) (g/cm) avg
10 0 0 320 530 68/64/68 | 73 672
2 0 25 300 460 79/107/79 | 88 619
10 0 25 240 470 67/39/45 | 50 505
10 2 0 260 450 104/61/63 | 76 680
2 2 25 280 470 109/120/69{ 99 S73
10 2 25 260 460 78/75/143 | 99 443
: It can be seen that in each case there was little or no difference in overall
performance between compositions with PEO and the original latex fonnulati'ons.
20 In other words, the benefits of the present invention, in terms of coating operating

conditions, can be achieved without detrimental effect on the performance of the

final coated composition.
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correlated directly with the degree of spinnability observed, i.e. nore

spi nnabl e conpositions show |l arger viscosity increase at a | ower
strain rate. TABLE 2 shows adhesion data for the | atex PSA
with and without addition 10 of 25 ppm PEQ. Coatings were applied by
hand by pul | i ng wo smmesest er substrate under a fixed rigtgh 5&765
with 50 mcron gap at slow and noderate speed of roughly f

cnmsec after 0 and 2 days from preparati oEXaMPILEE2Cconposition. The

coatings produced fromthe latex P A/P ) CQ DWUCM at 2 cm sec
were nore uniformin thickness that# —groete m sec. 15

TABLE 2 Coat 'AUESAUoﬁayﬁérqﬂénﬂﬁ&EQrenPB@*LME‘SW&Bngepamd usinB e S
Probe Tack speed 0 coat 31 cmim 230 cmmn (m ns)-
(9) e (cm gggral m@hg@ 9iescnbed for the gr/egmtron qub«tggntrol copolymer in Examal;eg

10 0 0

; o S e ofy% GPatent No 2397 577, thf‘iﬁilcg;#%;f Wélgc’ﬁ is mc%r%l%ted herein by

10 °0 2&eferen€e4 (In particulad, Be principalicopaigmébwas S6octylacrii@e (I0A)/acrylic

10 2 0. 0 . 450 104/ 61/ 6 76 680 '

2 2 25 acid (Q‘ég polymerizeg g a wate 9‘?‘2‘%’%’8 m. 573

10 2 25 255000 ppm Pﬁﬁ Qtock solut?cﬁ/ wiad/ p}ép%red% the marthérdescribed in

It can be seen that in each case ere was |ittl no difference in

over al | p EXAMBLEEJe abdadM@dﬂtO(ﬁ@ﬁwwlPﬁ(bwﬂh watm Analiguod of the 509 ppmnal

latex forml b' ons. sol%gon was thﬁh gdé)etgqg Ehe%wfmﬁlg?o§§&%%§ ﬁmﬁ\f dtdgs%n'pé’éﬁﬁ ent

I nventi on, |ntermso

achi eved wi thout deEXAMPLEA m@flfamtmt(mﬂi’chﬁt th prdvide efiviab coticeritiation of 20 ppm
final coated conposition.

-16- WBESY/ 38511

PCT/ US96/ 05399 Shear and elongational viscosities versus strain rate were determined for the

latex with and without addition of PEO. Increased viscosities were observed at 29
15 sec-1 strain rate for the composition wherein PSA formulations showed only

decreasing viscosities with increasing strain rate.

EXAMPLE 3
PSA Microspheres - Effect oﬁPEg

20 Latex microspheres were prepared according to the method described in co~
pending application WO 94/13751, ("Tacky Microspheres Having Pendant
Hydrophilic Polymeric or Oligomeric Moieties”, filed 9 December 1993 as
International application no. PCT/US93/11967) the disclosure of which is
incorporated herein by reference.

25 A 4000 ppm PEO stock solution was prepared as described in EXAMPLE

' 1, and was added to the microsphere PSA suspension using the method described in
EXAMPLE 1 in an amount sufficient to give 650 ppm PEO. Shear viscosity data
for microsphere compositions and formulations showed that the shear viscosity for
the composition with PEQO was larger than the formulation without PEQ at all shear

30 rates. For the composition, viscosity increased with shear rate past 2 sec-1.

-17-



EXAMPLE 2 Latex "B" - Effect of PEO (20
ppm A PSA copolyner identified herein as "Latex B" was
prepared using the general nethod described for the preparation of
the control copol yner in Exanple 5 41 of U. S. Patent No. 4,737,577,
the disclosure abovbssaily | S i ncorporated herein by r ef

partl cul ar, the princi glal copol ynmer was isooctylacrylate (I1QA) %@-ﬂﬁ?s’n&&
aci d (AA poI yner i zGABLE 3 gives athbsionrdata fonainikrosphere puspemsions with 300 and 500 ppm A

5000 ppm PEO st ock o) nner described in
EXAMPLE 1, and dilute %l%tcgﬁﬁgopﬁbgﬁ%hﬁ%nh%ﬁrgam aliquot ofthe 500 ppm
10 . solution was then added to the latex formulation using the nethod
described in EXAMPLE | in an a”Du”fAﬁt’H:;i cient to provide a final
concentration of 20 ppm PEQ. Shear and

el ongational \-scosities ver guﬁesmhrbﬂj anmﬁ:mmc@ﬁécﬁhm@gs&gmAt he
latex with and withowt _addition of Jg rpaqu Miscosities ywaro ghg d

a’:] 29d15 I sec-1 sl;ﬁdﬁ QnJeﬁ&&o;xc npo vvh rein ?fb, Iatl ns
ey “Clpay 70 SCOSTTT e @g b T 0 |

20 Latiex mcrospherés wer e pre ar ccofding to the rret hod
described in co- pendi ng afopl I cat , ac

M crospher es Havi nd—Renda hil ' ic
Moieties". filed 9 jDecenbgp 1993 |as g70 | nggr natf onal spedd mat | on nq.
PCT/ US93/ 11967) t hgdrsctosure off Wi Cim 15 MCOrpor ated ererm
reference. 25 500A 4000 ppfRPEO kst ocl? S7o0mhy ed 3
descri bed in EXAVPLE 1, and was added to the nicr osphere PSA
suspensi on using the nethod n an a

esc i
sufficient to give 650 %*Fégﬂte’ﬂﬁy§ﬁ‘8§lt?‘§/d%¥‘§mﬁ3dem°’FB‘P‘°5t at

m crosphere conposi fHei%'”ﬁIn%%rﬁ@ﬂ%ﬁthl%smﬁnk?%méﬁﬁm%ﬁﬁﬁ ro%ﬁ@ﬁ%ft y
for - the conposition with PEO was larger than t formul ati on

wi t hout PEO at al | thaexeratinctional proparties. ofﬂmcoamsahaﬁmlt fiomeompositiensiof the
[Qgreased W tllb shea{nv&gitcg past 2 sec-1.

EXAMPLE 4
E f PEQ Concentration
Compositions of latex A and 8,000,000 MW PEO were prepared as
15 described in EXAMPLE 1 in concentrations of 0, 5, 12, 25 and 52 ppm PEO by
weight. TABLE 4 shows shear viscosities for each composition, it can be seen that
increasing the concentration of PEO surprisingly resulted in a sharp increase in
viscosity, and also surprisingly, that the sharp increase occurred at a lower shear
rate with increasing concentration.
20
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TABLE 3 gi ves adhesion data for a microsphere

suspensions with 300 and 500 ppm

m cron dry coat
5

i ng.
wosssggydhesi on properties of PEO thickened m cr QsithiRbEossed”

PEO sl ot coated to give 40
' TABLE 3

PEO concentration Probe Tack Peel Test Shear Test
(ppm, (230 cmmin) {ABEE4m (1 in.) wide, 1 kg)
(g/cm ) = s nvAva e _
>7000 min Strain RateﬂSOLatexA 52 ppi O 25ppm 18312ppm | 5ppm
>7000 min (sec™) 85% PSA | 8x10° PROZ | 8x10° PEO 178x10° PEO | 8$x10°
>7000 mn Asghelat h {t he shdalfer | at gKediy Stlensshdafe (®PED 4
TABLE 3 -denonstr at Es t hat viscosity Ngre is litkle or no |detriment plshear
effect, and at ti ' At—lof th a4+
functional propertjes of {bg coatjgums] t hat rgzu t f r orgggdnposi t igg(mi; 0’85(”'
10 i‘nventi on. EXA
Ef fect of PEO Concgntrati b8 730 0sitic@38lof | at SI0h 620
8, 000, 000 MW PEO wgr e prepar ed as d ribed iggoHBXAVMPLEgHg N 450
concentrations of Pr——5—tZ—1R25—anmd—SZppnrPEC vm—gh‘h-th%T
shows shear viscosjties f46 Jeach c400pjosi t iond3Gijt can (3803 een t h380 340
increasing the content_ratjl.gn of 5580 ur pri S|£%I V- re;sul2t68£ lntﬁ agii 250
i ncrease in WS- H B -5 6~StH- P HSHR gy —tHat—the—Shpp-
i ncrease occurred pt a | ouerf shear230 21®tle Wit h 2004r easi ng20 220
concentration. 20 N '
19 170 150 140 140 150
29 130 150 120 120 120
46 110 780 99 100 100
73 92 660 83 86 86
120 78 520 77 72 73
190 67 430 180 62 62
290 59 370 160 67 55
460 53 350 140 74 53
730 48 110 66 51
920 44 49
EXAMPLE 5

10

Effect of PEQ Molecular Weight
Compositions of latex A and 52 ppm PEO were prepared as described in

EXAMPLE 1 using 8,000,000 and 1,000,000 MW PEO. TABLE 5 shows shear
viscosities for each composition and for latex without PEO wherein the 8,000,000

MW PEO composition shows a larger increase in viscosity at 46 sec-1, and the

1,000,000 MW PEO composition shows a smaller increase in viscosity at 460 sec-1.
Spinnability was also observed to increase with increased PEO molecular weight.
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PCT/ US96/ 05399 TABLE 4
Strain Rate Latex A 52 ppm 25 ppm 12 ppm 5 ppm
(seclerr]) 55% PSA 8x10[err] PEO- 8X10[err] PEO 8x10[err] PEO 8x10[err]
- shear sheawo 963511 - Shear - -shear PEC-
Vi scosity shear PCT/US96/05399
1.2 . 1000 820 88 930 850
1.8 730 000 630 2BLE 670 620
4212 . 288 Latex A 5%'%8 52 ppm 8x1 88 52 ppm 1x10°
7 3 300 (sec h PSA -sheay; ) | PEO - shear, g )| PEO - shear
12 230 10 viscosjty 220 220
19 170 1p 140 140 150
29 130 150 12 1201000 12820 $9q
46 110 : 780 00
o 5 80 18 530 édyy 550 oo
120 78 520 9 36 4407P 4008 73
190 67 436 -+86- ﬁF 62
290 59 37046 ' 1400 33% 3003 55
460 53 350 20 53
730 48 7.3 | 11390 25@6 - 230451
920 44
EXAVPLE 5 5 Plloct of prtdY i ght
Conpositions of | atex pbm PEO vverﬁgrir epar ed aﬁs scri bedgp!
EXAMPLE 1 using 8, 000, D-00-~0-00—MAREHO—FABLE-S
viscosities for each c and for |lpsogx Wt houtlsa O wher eiino
t he. 8, 000, 000 TPOSTtT oM Shogws™—a targer jrncrease 1T
viscosity at 46 sec-1, ) 1,130d, 000 MW PO |conposi t Pdf shows
a smaller increase in ;H scosl t;; ht 460 sec- é gt nnabi [ tgi’ was
al so observed to incre 3 her eased PI‘:’ mol ecul arS8®di ght
-19- 120 520 68

190 67 430 58

290 59 370 51

460 53 350 85

730 48 95

920 44 91

. X LE6
5 Effect of PSA Particle Weight

Compositions of 25 ppm 8,000,000 MW PEO and latex A with particle
weight fractions of 50 and 55 percent were prepared as described in EXAMPLE 1.
TABLE 6 shows shear viscosities for these compositions and for corresponding
latexes without PEO wherein sudden increase in shear viscosity is observed at 190

10 sec-1 for the 55 percent solids Iatex at 290 sec-1 for the 50.percent solids latex.

-20-



WD 96/ 38511

PCT/[ US96/ 05399 TABLE 5
Strain Latex A 55% 52 ppm 8XI O[ err] 52 ppm 1x10[ err]
Rat e(sec[err]) PSA - shear PEO - shear PEO - shear
Vi scosity WO 96/38511 1.2 1000 820
760 1.8 730 PCTISsass
igg . Spinnability was ﬂs§ jogserved to increase withig%eased latex particle weigtgg
300 fraction. 7.3 300 250
230 - 12 230 210
190 19 ' 170 150
140 * 29 TABLE 6130 150.
110 A6 10 230
97 . Strain Rate | LdG@x A 55% | 25ppm P30% PSA- | 50% PSRQ 25
g é (sec™) O. shear | 8x10%shear 5;8 shear ppm SXIA(DB 3’%0 -
58 dgosity 59 shea
o 12| 50 1000 880 | O3 350
1.8 730 630
2.9 530 460
4.6 400 350
7.3 300 260
12 230 200
19 170 | - 140 34| 42
29 130 120 33 39
46 110 99 30 35
73 92 83 ' 27 30
120 78 77 24 26
190 67 180 22 89
290 59 160 19 100
460 53 140 18 83
730 48 110 17 72
920 44 16
5
E LE 7
Effect of pH

The latex A formulation described in EXAMPLE 1 was brought to pH 8.5
by the slow addition of 10 percent NH4OH solution. Upon addition of 100 ppm
10 8,000,000 MW PEO using the method described in EXAMPLE 1, the composition
* showed no increase in spinnability. Furthermore, a 100 ppm 8,000,000 MW PEO
composition prepared as described in EXAMPLE 1 at pH 5.5 losses its spinnability

21-



730 ' 48 95

920. 44 91

EXAMPLE 6 5 Ef fect of PSA Particle Wi ght
Composi tions of 25 ppm 8, 000,000 MWPEO and latex A with particle

wei ght fracti onswofss/881and 55 percent were prepared as descri beM&,WLE
S an

1. TABLE 6 shows shear viscosities for these conposition or
correspondi ng nddﬁﬁ:@ﬁ%?Nﬁmt pHES) bkt Rlpfindd B4 leability GpeR aduition ofhear
viscosity is observe‘c’ip sec- 1Y or tg he 55 percenf Solids | atex

at 290 sec-1 for thdﬂmﬁﬁbw@mntmbmmm pHbslow 7.

-20- - WO 96/ 38511
PCT/ US96/ 05399 Spi nnability was al so observed to increase with
i ncreased | atex particle weight EXANPORS -
TABLE 6 Strain Rate La A _55% 25 m 50% PSA -
50% PSA + 25 3 (sec[err]) 10 nn [err]-shear
zﬂgg: ppm 8X10[ err ]A%osmon of fatex %%d 50 ppm 8,000, 000 Wmis\’prepared as
1.8 730 descnbed in BXGMPLE 1, and shear viscosity \Qasg.ietem'uned at tim&3d 10
460 mmutes,65 hours, 20 hours, tw)hours and 72 hoéré gs shown in TABLE 7. The
shear rate for onset of viscosity increase is shown to increase with time.
10 Spinnability was observed to decrease in time after 5 hours.
TABLE 7
Strain 50 ppm PEO | 50 ppm PEO | 50 ppm PEO | 50 ppm PEO 72
Rate (sec’) | 10 min. from | 5hrs. from | 20 hrs. from | hrs. from mix-
mix-shear mix-shear mix-shear shear
1.2 1080 1170 1120 910
1.8 690 . 740 780 680
29 490 520 560 510
4.6 360 380 410 370
7.3 270 280 . 310 . 270
12 220 230 250 220
19 160 170 180 160
29 140 150 150] 120
46 630 710 120 100
73 670 700 100 83
120 520 550 440 69
190 410 440 390 58
290 340 370 340 67
460 310 320 280 150
730 240 140
920




7.3 300 260 12 230

200. 19 170 140 34

42 29 130 120 33

39 46 110 99 30

35 WO 96/38531 92 83 2

30 120 78 77 HGrruss6ins:0
26 . 190 67 180 22

89 290 59 160 19

100 460 53 EXAMPLE 9 140 18
83 - 730 48, .. 110 . _ 17

79 920 Replenishing Aged Compositions 16 5
EXAVPLE 7 . The latex/PEO composition aEed 72 houtd ds@edcriBéd REXAMPLE 8
The |l atex A fornmul ation described in EXAMPLE 1 was brought to pH 8.5

by the sl ow a¥di t i ovasshbmbidedwitl 2 stocksgletion) afia08dppr 8,960,000MW REQ nivaterds 100

Composi tion " SSeril i ERANRES 18 BB sl RA35 b e bt T Y festraaly

ppm 8, 000, 000 MN Pi&80 ppm. ViscEsitywas nidasited IRt afér théctattér dddilioh of the/PRO.E 1

at pH 5.5 losses its _splnnapilitﬁ/ .

-21- v@nd i/shewn ip TABLE 8 along with viscosities for the initial and aged _
PCT/ US96/ 05399 : NrRdsstd iNE%S%’ e%’ I 'P}gd its
spinnabi l ity upon é:glaxp?sfxt'ci)lir?]@.o? &l‘&n’egﬁ ute &?g‘suf iégégr{tgiﬁkngtgg?d g the pH
bel ow 7. 10 aged value, and spinnability was observed return t&it$\peLdged magnitude upon.

Ef fect of Time on Spi.nnabj|i A conmposition of latex A and
50 ppm 8, 000, 000 Nﬂ%ﬂ@ﬂﬁge%ﬁgﬁ%ﬂg@zagcommsmm described in EXAMPLE 1, and
shear viscosity was determ ned at tines of 10

TABLE 8
Strain Rate | 50 ppm PEO | 50 ppm PEO 72 | Rethickened to 80 ppm
(sec™) 10 min. from | hrs. from mix- | PEO from 50 ppm PEO
mix-shear shear after 72 hours

1.2 1080 910 1130
1.8 690 680 830
29 490 510 600
4.6 360 370 450
7.3 270 270 ' 340
12 220 220/ 270
19 160 ' 160 210
29 140 120 220
46 630 100 900
73 670 83 840
120 520 69 730
: ‘190 410 . 58 ' 620
290 340 67 520

460 310 150

730 140

920

-23-



m nutes, 5 hours, 20 hours, 48 hours and 72 hours as shown in TABLE 7. The
shear rate for onset of viscosity increase is shown to increase with tine.

10 Spi nnability was observed to decrease in tinme after 5 hours.
TABLE 7 - Strain 50 ppm PEO 50 ppm PEO 50 ppm PEO 50
ppm PEO 72 woodasa (sec[err]) 10 mn. from 5 hrs. from PCﬁRIsflsrm%:m
from hrs. fromm x- m X- shear

m X- shear shear 1.2 1080 1170
1120 910 1.8 690 740
780 680 2. 9EXAMPLE 10 490 520
560 - 510 4.6 c 360 380
410 370 Cugtain Coating Composjiiogs 280

g ég : g;g Compositions of latex:!iSA and 8,000, OOOW PEO at concentrat?&ﬁ of 0,
180 5 128, 50 and 70 ppm were prepggd as described in EZAMPLEI and werej_fg@to a
%28 %ggrtam coating die with tangeé@al approach of hqlgggo substrate. For ea% 0

100 8omposition, the liquid flow rdtéQvas initially set at & ¥&lue sufficient to forth a0
440 69 190 10 440
390 cegginuous liquid sheet betweenthg die on top, the s@g{t@ate on the bottom, and,
ggg lggge guides on the sides whlcg g%re separated by 5 bt the top and 3 cm 3ffhe
240 10 bagom. The liquid flow rate waPthen slowly decreased until the sheet broke

-22-

PCT/ US96/ 05399 ¥(\>Onn?n6g/ (ﬁs%%lji&nuous droplets or filaments. TABLE 9 shows the minimum flow
rate that could be maintained for each liquid before the sheet broke. Addition of 25
ppm PEO to the latex allowed a four fold decrease in minimum flow rate; addition
of 50 ppm PEQ allowed a six fold decrease in minimum flow rate; and addition of
15 70 ppm PEO allowed an eight fold decrease in minimum flow rate. For the
compositions of latex and PEO, TABLE 9 also shows the maximum substrate speed
attainable at the minimum liquid flow rate wherein the maximum substrate speed

increases from 10 to 20 to 30 meters per minute for 25, 50 and 70 ppm PEO,

respectively.
20
_ TABLE9
Minimum flow rates and maximum coating speeds for curtain coating
PEO concentration | Minimum Flow Rate { Maximum Coating Speed
(ppm) (cc/cm-sec) (m/min)
0 0.67 -not tested-
25 0.16 10
50 ~_on 20
70 0.08 30
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EXAMPLE 9 Repl eni shing Aged Conpositions

The | at e/ PEO conposition aged 72 hours as described in EXAMPLE 8 5

was conbined with a stock solution of 4000 ppm 8, 000, 000 MV PEO i n water as
described in EXAMPLE 1 in anount sufficient to bring the total PEO
concentration Wwo963s8s51t0o 80 ppm Viscosity was neasured 10 mn £do
the latter addition of the PEO and is shown in TABLE 8 along wth

viscosities for the initial and aged %(%ﬂe)m tions. The onset val ue

for increase in shear viscosity returns - 10 aged val ue, and

spi nnability was observed return t FilamentFoeniageWeh@inatihgide upon
addi tion of the PEOto the aged c

TABLE 8 St r ai f cREPYSition © OS%t i e 8500 DBRAMEBEL, wasgrepAtd Bn e

to 80 ppm descrilled iF EXAMPLE 2,1dhdThi® coxf\ﬁd&ﬁibn wab pampéd t@rﬁ H&liﬂltop PEO
from 50 ppm PEO hear
after 72 hourss filament-forming apparguszwherem hqmd wagfed to three blunt end Syringe
1180 * . . . - .
830 need?lggﬁh 0.5 mm inside 4lg%geter froma cylmdncaé?g:gr diameter manifold.
600 The Bquéd filament from eath @ieedle was drawn dowrBifdiameter by application of
450 gé?i N E?O . %Ol od
340 a high yelocity air jet at or belgw the needle exit, and the filament was captured on a
318 mowég substrate 25 cm beﬂo@gthe needle exits, and dﬁ&pm an oven. This process
220 10 produged a discontinuous nt gonnected coating of P&.@@Iaments that contacted
900
840 the sil%gate in random on@tgtgtbon. By increasing the li(énd flow rate at fixed
730 substifi®speed, or by decreakitig the substrate speed atFked liquid flow rate, the
620 290 340 67
520 fractipp of surface covered by the mat of PSA filaments) was increased. In contrast,
72% " acoating of discrete dil(ﬂ)%ts was found to result from fhé@se of the filament
15 forming apparatus with a latex B formulation having no PEO.
LE 12
Filament Formation
A composition of latex B and PEO prepared as described in EXAMPLE 11
20 was pumped to the apparatus described in EXAMPLE 11 except that the needle -

exits were in close proximity to a moving substrate. The liquid filaments exiting
each needle were drawn down in diameter by tension imparted on the filament by
the substrate which moved with larger velocity than the mean velocity of fiquid at

the needle exit, thus producing a discontinuous PSA coating of co-linear stripes

25 which was then dried in an oven.
EXAMPLE 13
Slot Coating
Latex B prepared as described in EXAMPLE 2 was mixed using the method
30 described in EXAMPLE 1 with a 200 ppm 8,000,000 MW PEO stock solution

diluted from a 5000 ppm stock solution prepared as described in EXAMPLE 1 in an
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PCT/ US96/ 05399 ' EXAMPLE 10
Curtain Coating Conpositions Conposi tions of |atex PSA and
8, 000, 000 MW PEO at concentrations of 0, 5 25, 50 and 70 ppm were
prepared as descwolbesssin EXAMPLE 1, and were fed to a Hfﬂ&@

coating die with tangential approach of liquid to substrate. For "eac
conposition, the |igui .13t e T A i i ent
to forma 0 Rt Bt e PE0 el cobibopfibn Aokitnl BpRiteied
substrate on the bowereperfameed using this congposjtiomasi vielasdatest BovithoucRERI vaiichner e
separated by 5 cmat the top and m,at the 10 ttom .The.liquid flow
rate was then slow W?%%M&h@?f“f’% 8glstagpggég?wa?ingdle g‘rs’ﬂgng _
di sconti nuous dr opl diingnsidns 250 aiidBishighTbyh enPwidBOWaciunewad dpplidtfoftheistream
rate that could be nmaintained for each |iquid before the sheet broke.

Addi tion of 2% side of thdie brmeans of p vaquumbex.and sheepating gap wasadiysigd Fpias e

e W I A Gta0 §6I Ml comtinuons cpfipe S5 BRENTOTARI S R b Buidistedth 0

an eight fold decr efaseach liquid whetein delative todhelatek orniulation (i.e., withoutRBQ)OSi t i ons
of |atex and PEO, TABLE 9 al sp sk t Xi mum substrat e  speed .
St anat o e RORTOHS FoiE 2 e Sy SO COTRHSHIOR YA SoHiENed L AHBIer esting o

speed _ incr@@%%émé&tﬁ@#@ to 30 neters per mnute for 25, 50
and 70 ppm PEO, respectively. 20 :
TABLE 9 10 M ni mum fl ow rates and maxi num coati ng speeds for
curtain coating PEO concent j M ni mrum Fl ow Rat e
Maxi mum Coat i ng Speed 5{%}#@ (cc/cmsec)
(m mn) Observed cbatings for slot coating latex PSA. Wwith and without PEO
-not tested- 1S 0145
10 PEO @Bncentration | Coating Gap |0Cdating Speed | Observed Coating | 20
70 4 08 (ppm) “(micron) 30(m/min)

0 250 12 continuous

0 250 18 rivulets

0 75 30 rivulets

2 305 37 continuous

15 ' EXAMPLE 14

Microsphere Preparation
A composition of microsphere PSA suspension and 500 ppm 8,000,000
MW PEO was prepared as described in EXAMPLE 3, and was used in slot coating
experiments with slot dimensions 250 microns high by 3 cm wide, no vacuum
20 applied to the upstream sidé, and a die to substrate gap of 500 microns. Continuous

coating was observed for a liquid flow rate of 0.11 cc/cm-sec and substrate speed
from 6 to 31 m/min. For the PSA microsphere suspension at ¢ ppm PEO using the
same apparatus and coating gap, with a substrate speed of 6 m/min, a liquid flow

rate of 0.33 cc/cm-sec was required to achieve a continuous coating.
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EXAMPLE 11
A.composition of |atex B

PCT/ US96/ 05399 lw! “
as IEET HAS BEEMI¢scri bed in EXAMPLE

Fil ament Forming - Web Coati

gnd 10 ppm 8, 000, 000 MWV PEO

2, and this conmmassgiss Was purrped to a ben.GEfﬂg’w:ED5 fil angghs .Ng
appar at us wherein liquid was fed to tr‘free PrOmt—emnt—sy+ sfm%sg;g
needles with 0.5 mminside diameter froma cylindrical 1 cmdianeter

mani f ol d. The liquid filanment from each needl e was drawn down in
di aneter by appl i cajhtk Bimed is: a high velocity air jet at or bel ow
the needle exit, and the filanent- was captured on a novi ng

substrate 25 cm bel ow the needle exits, and dried in an oven. This process
10 » produced a disgonti E&:@Qi g re SBIRIE S

t hat contacted t theﬂslét%ﬁlg%%ngsgﬁ&fan Oﬁg?}'}gﬁé’?%"gﬁé@é I NCreasi ng
the liquid flw r aadhesive farmekition, and one or mubskﬁghanrmca]aewnghnpoljnyerslem'mi ng
the substrate speed at fixed i fl ow rat.e on of
Surf ace. cover eq by PPHEHaBreS st concraiitioh Bifible s lopethe sampesiniitens: |

a coating of di scrgblfvefbd@onfihé coRing/did ok premétered toatdrii® Melfbtn bB£stabile Host at

filament 15 form ng apparatus vmth a latex B formulation having no PEQ
EXAMPLE 12 a flow rate substantlally less than the minimum delivery floverate schievahle using

A conposition of Ia;%m% B prepar ed as described in EXAMPLE 11 20
was punped to the apparatus cfescrl bed in EXAMPLE 11 except that the needle
exits were i¥0 close proximty to a noving substrate. The liquid filanents

exiting each ngedl e, were drawn dqQwn | dla te,r t ensj.on
inparted on the filanent by A composition aegor \Hgé‘ii’ OFfiOR PETANits o ¢

vel ocity than the fﬂ%%e&ﬁ‘d:ﬂﬁhﬁdh%w'rhﬂ%ﬂ:ﬁkisthan70%0ftfné‘ﬁnrﬁkﬁ€:ﬂ'ﬂ%vﬁi€e tEUS

produci ng a di scontinuous PSA coati ng of i near stripes whi ¢
was then dried i n necessamynto maintain a stable curtain in a curtain coater of the formulation without

EXAWPLE 13 added polymer.
15
3. A composition according to claim 1 wherein the composition permits
gap distances of on the order of twice the maximum gap distance useful for
providing the corresponding formulation in the form of a stable sheet in a slot
coater.
20
4, A composition according to claim 1 wherein the adhesive
formulation comprises a latex, acrylate-based PSA and wherein the high molecular
weight polymer comprises poly(ethylene oxide) polymers.

25 5. A composition according to claim 1 wherein the adhesive
formulation comprises a water-based latex pressure sensitive adhesive and the
polymer comprises between about 1 ppm and about 50 ppm high molecular weight
PEO.

30 6. A method of preparing a coating composition, the method

comprising the steps of:

27-
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Sl ot Coati ng Latex B prepared as described in EXAMPLE 2 was

m xed using the nmethod 30 descrihed in EXAMPLE | with a 200 ppm
8, 000, 000 MW PEO st ock sol uti on THISISH from=a 5000 ppm st ock
$ol uti on prepared as described i n EXAMPLE iiEEEA?@ BEEN

= 25- wo ohss$1§/ 38511

PCT/ US96/ 05399 anount sufficient to give 2 m PEO | FCPRE6/05399

conposition. Coating experinents re perforpme u5|
conpbsition as wel |l as @ ex gt%%?"‘?&ém rSgpsimve ?‘g'f"ﬂ[}f' m, pad
punped at 0.21 cc/cm seC(bjo adaihgtradmgzbr&heifoexﬁittdnrwﬂcufemminbn,sdmgh

di mensi ons 250 m crons hig 13 cmw de. cuum wags a i ed
upstream 5 4nel @“!ﬂ”f‘f?@lﬂ?'@“ﬂ'ﬁmlér%ﬁ@?“%‘cmm% %“’t'h% coating

gap was adjusted frg os.:.omobedemﬁ&,&%bindgr&eéffﬁamawa&t&q@mews
observed. TABLE 10 provides results for each wherein

relative to the | atofa stablershéeant aftow ratesubstantiafly less ﬁmhe mlmmum delivery flowmatous

coating of the Iate hi eved at hi gher coating
speeds and wider c FY‘Fg] 'I&B?'i"o&m“?amﬂ“seg

TABLE 10 Observed coatings for slot coating latex PSA with
and w t hout PEO PEO concentratjion Coating Gap Coating Speed
Observed Coati ng 7. A method accqrdipgjto cla:m6wherem(thq polymer is added Qﬁm n)
0 25 : s
0 e §oncentration of betw}f,gn about 1 ppm and E%Elli \SEP;S}H
0 10 75 30 r| vul ets
2 305 37 o uou
EXAMPLE 14 8. A coafing composition prepare rtg Bﬁé‘l"é f:’%’%*B‘aGr ation
9. A coated product comprising a composition of claim 1.
15 10. A method of preparing a coating composition, the method

- comprising the step of adding to a water-based pressure-sensitive adhesive
formulation a high molecular weight polymer to yield a final concentration suitable
to allow the composition to be delivered from the coating die of a premetered
coater in the form of a stable sheet at a flow rate substantially less than the

20 minimum delivery flow rate achievable using the formulation itself.

Sheet Has Been Reﬂlaced

TR
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PCT/US96/05399 VNSSIUS & PARTNER GOR
A corrp05|t|on of MENNESSPhe MENIY& #8bensi on and 500 ppm 8 GDQEW’A'TE
MV PEO was pr epamasiura cieRING @DMRANEXAMPLE 3, and was. u§'%%fl,grq ng,\.‘ﬁ.g.a«tl ng’ Seq
experiments withoghot RéifTRNA @P2RFCT crons high by 3 cmw de, no vacuum
20 applied to the upstream side, ang, e to substrate gap of 500
m crons. Continugus . . . ,coating was @b velrliSr aliquid flowrate of
0.11 cc/cm sec a%@@hﬂ‘%ﬂ“@/speed from6 to 31 minin. For the PSA
m crosphere suspension at 0 ppm PEO using the - sane apparatus and
coating gap, with a substrate speed of 6 mimin, a liquid flow rate
of 0.33 cc/cmsec wasyr equN&dﬂﬁ@ccﬂﬁﬁbsﬁi{ﬁ @n@a@hgawa-med pf&sur -sensm
- 26- be ety malepoist on el 80 Ahwvins @
wat er - basefl presedhesve mf&lv ans . Bighy . P
exi de pol ymepstes /hét\ﬁ o "*. ‘7”" Ié‘cmﬂ"& » _'._ ""ot(f’}at
| east about 300 e}u fﬁ m ,g 3 ,;';',;‘s" r—="“...1 "65" ~100

~Rs £

10 e o GEIEROS ,uve 2 Geln L0394 1.0 1!,»
conposi ti.on permts the Ise of a N ni mum owratet at

than 70% of t he sflewratesbbstantmby-toss-th mingaeradelivery-Sowaatetashie 5
curtain |n a curtain cgater of the forrrul atlon W|thout added

pol yner. ¥~ A conposition according to claim| wherein
t he conpozbtlon permts gap distances of on the order of tw ce the

nmaxi mum gap di stance useful for provi ding the corresponding
formul ation in the fozm of Azofipakition abeeding fo claind Divherein the compatition permits

the use of a minimum flow rate that is less than 70% of the minimum flow rate

necessary to maintain a stable curtain in a curtain coater of the formulation without
added polymer.
15 *

3. A composition according to claim 1 wherein the composition permits
gap distances of on the order of twice the maximum gap distance useful for
providing the corresponding formulation in the form of a stable sheet in a slot
coater. .

20

4. A composition according to claim 1 wherein the adhesive

formulation comprises a latex, acrylate-based PSAAnd-wherem-&he—hsgh—meleeu-las

25 5. A composition according to claim 1 wherein the adhesive

0{ formulation comgnses a water-based latex pressure sensitive adhesive and the wuac,&mk 4

¢ poiymer eempnses between about 1 ppm and about 50 ppm,!;ltgh-aweleeulmmcight—

30 6. A method of preparing a coating composition,, the method

comprising the steps of:
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20 , . 4. A conposition according to claim1 wherein the
adhesi ve formul ati on conprises a | atex, acryl ate-based PSA 25
5. & A conposition according to claim1 wherein the adhesive

fornul ation conprisega)a thﬁfnﬁ hasser-bakd yressiresensiveadhesiveern bﬁ@ﬁ,\aﬁd and

t he concentration e poI yrrer |s bet ween about 1 ,w',, AP 3@9
ppm 30 (), 6. addmgAd foy gnlg;(gaeafo ,O

t he ret hod 9'\’ SPsHsfe iy Ry P i _:. a, &a

-27- ‘?D .':. ’/. .’ ,E- ~.~ ',’ PDR-5tan e v

adhesi ve for A - ~ _ w

formati on of the forrrul atlon

havi ng a ol ec s e fage; by e he-AEaigat eotrilemeatet | on
of [err] between _o_ _.o pm.and , 1000pr : A met hod
according to cl@m o Wit 1 517 i s added to a concentration
of between about | ppm and about 50 ppm 10 _ 8. A coating

conposi tion prepared by the method of claim§6. 9. A coated

product conpri sing &.conpbsiethadacobrdingtiornldim 6 wherein the polymer is added to a
~ concentration of between about 1 ppm and about 50 ppm.
10

8. A coating composition prepared by the method of claim 6.

9. A coated product comprising a composition of claim 1.

20 i tebiverud] hiovablowusing-theformulation itsel
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Use of ethlene oxi'de pé&Pyners of copol ymers having a nol ecul ar 15 93054%093- %

wei ght of at |east about 100 000 as a thickening agent for RTMP
formul ati on 20 -
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