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nmet hod to inpart adhesion or bonding b tween two contact S of
simlar or dissimlar polymers through the nodi fication of the SIEE

surfaces by ther ) ation.
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pol ymer surf |I dd of the

pol yner substrat es Both theFlleS)gNaAtlTMg)SiPHEREtol am nati on, or thernal
grafting and thermal |am nation are carried out under atnospheric condition
in the conpl ete absence of an added photoinitiator, thermal initiator or
syst em degassi ng The properties can be |rrparted on the surface of
nost pol ynﬂlACKIGBOUlNQQFdTHE IDVENTEINNns, pol yesters, hydrocarbon

pol ymers, and fluoropolyners, as well as on the surface of electroatractive
(conducti ve) and conj ugated pol ymer. Photografting, thermal grafting or
surface gr zatlon with concurrent |am nation can be carried
out in thealpre‘;oﬂgé’)(gi? %WE DU o1 e functional nonomers including, but not
limted to, acrylic acid (AAc), acrylam de (AAM, NN-dinethlacrylam de
(DMAA), N, N-di net hyl propyl acryl am de (DVAPAA), epoxi de-contai ni ng nonomers,
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pol yel ectrol yte and nononers_of pol yanphol'y The | ap shear

adhesi on stqoetagmlg susfagescof simtarpiradissinatiar malya&r&)ﬁlrmugbrthaquﬁ'mm efithei | ms can
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phot ol am nation stre ses fromdispersive interaction, chain
ent angl enervontael, gesultogt iat simultaveeusalaimation iofrthe polymer substrates. Both the

photografting and photolamination, or therma! grafting and thermal lamination are
carried out under atmospheric condition in the complete absence of an added

photoinitiator, thermal initiator or system degassing.

The properties can be imparted on the surface of most polymer films, including
polyolefins, polyesters, hydrocarbon polymers, and fluoropolymers, as well as on the
surface of electroatractive (conductive) and conjugated polymer. Photografting,
thermal grafling or surface graft copolymerization with concurrent lamination can be
carried out in the presence of one or more functional monomers including, but not
limited to, acrylic acid (AAc), acrylamide (AAm), N,N-dimethlacrylamide (DMAA),
N,N-dimethylpropylacrylamide (DMAPAA), epoxide-containing monomers, hydroxy-
containing monomers, amine-containing monomers, monomers of polyelectrolyte and

monomers of polyampholyte.

The lap shear adhesion strength between two photolaminated or thermal
laminated films can readily exceed the tensile yield strength of the substrate film. For
example, shear adhesion strength in excess of 150 N/cm® can be readily achieved
between two photolaminated surface. The thermal and photolamination strength arises

from dispersive interaction, chain entanglement, electrostatic interaction. ionic



2 int'eraction, acid/base interaction. H bonding, and/or coval ent bondi ng
between the grafted chains at the | apped junction. The present invention
differs the prior art in that no added thermal initiator, photoinitiator
and system degassing are required, and surface graft copol ynerization and

| am nai on proceed under atnospheric cohdi ti ons. 2. Description of the

Lami nai on proceed ur ric cohditions. i
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strengt h, gdafed chairslat eiedapped furctipn. oPhe prieseht inveretionaliffess theipkiot yrt anthat
processability, Oten, however, the, sel ected | ymer, has surface
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chem cal nodification have been inplenented. They have been described, for
exanple, in S. W, Polyner Inteifaces and Adhesi on, Marcel Dekker, N. Y.
(1982); Y. lkada and Y. Uyanm, Lubrication Polyner Surfaces, Technom cs

Pub. Co. Igc.,,lancaste R 93); K L. Mttal, (Ed.) Polyner Surface
Nbdi fi catiBn: RECHP 'ﬂ{!é’?f'b“"ﬁ%!%éai“&)ﬁ, VSP, Zeist, The Netherlands (1995): L.

S. Penn and H Wang, Polyners for Advanced Technol ogies, 5, 809-817 (1994);
and E. T. Kang, K G Neoh, K L. Tan, F. C. Loh and D. J. Liaw,
Pol ymer sf or Advinewnst Tegineeringgiapslications 337 pelymer 1i9 9stjected because of itari ety of

techni ques; are usetild for chem cal nodification of, pol r.surfaces for
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implemented. They have been described, for example, in S. Wu, Polymer Interfaces
and Adhesion, Marce] Dekker, N. Y. (1982); Y. Ikada and Y. Uyama, Lubrication
Polymer Surfaces, Technomics Pub. Co. Inc., Lancaster, PA (1993); K. L. Mittal,
(Ed.) Polymer Surface Modification: Relevance to Adhesion, VSP, Zeist, The
Netherlands (1995); L. S. Penn and H. Wang, Polymers for Advanced Technologies,
5, 809-817 (1994); and E. T. Kang, K. G. Neoh, K. L. Tan, F. C. Loh and D. J. Liaw,

Polymers for Advanced Technologies, 5, 837-842 (1994).

A variety of techniques are useful for chemical modification of polymer
surfaces for improved adhesion. These techniques include acid etching, X-ray
exposure, y-ray irradiation, ultraviolet irradiation, electron beam bombardment, ozone
treatment, corona discharge treatment, and plasma treatment. The last technique has
been described, for example, in M. Strobel, C. S. Lyons and K. L. Mittal (Ed.) Plasma
Surface Modification of Polymers: Relevance to Adhesion, VSP, Zeist, The
Netherlands (1994). A variety of polar and functional groups are generated on the
polymer surface, as a result of these treatments. One of the major drawbacks of these
treatments is that the physicochemical characteristics of the modified polymer surface,

including surface compositions, are time-dependent. Chain and polar group



treatments is that the physicochenical characteristics of the nodified

pol ymer surface, including surface conpositions, are tine-dependent. Chain
and pol ar group 3
reorientation in the surface region capn result in gradual deterioration of
the surface reactivity. Furthernore, as the pol ar and functional groups
gener al 0 RGERGHACIY TR sl AEHA X AR JEHIPARCADAHOR OF IR bitfull

m cronol ecular 1 n nature and afe generally Testricted to a few surface

mol ecul ar teapbvity, Faethesiore, d3ahe\psitr dnddfuni®@idinili grdupsqieyiertedsanr tha pelymies

pr onot ed onlé in the presence of an externally applied adhesive. As an
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Thus, surf agfaced &f promeral onliein the tpréencd! HOMS eg@aaly agplibd Rdhdsveal Aga@ups to

be introduced, in principle, onto all polymer surfaces in substantially
enhanced qaltemdtive tanthesgesetatipn \ofr migramaolecular Thiactinnals grovps gt the rurfeeeneous
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adhesi on bgf¥@AN fdpe ekiipls UshAR@S drilt t EspoastinaponOl AMuadddashadhest ve.
Recently, an innovative bul k surface photografting process, in ich a drop

of sol uti onopdymerizatiorgaltawsspenifer functibnal growpsabp betintasdwcedyarns posciple) etite d
between two,thin filng, had peen.reported,in W T.. Yang and by,
Macr onol ec B eBOLYBDEF Slgg@gi in-sybyfantinlly) enhanged quaniity, and, spptig] V‘?—%ﬂﬁ@' J Abpl .
Pol ym Sci < T. . | ym
glfg&%g 5&(3% 9@%’9 1&2{%3@%&&{% amJa & Bovin fodPRle 1k

Sci., 62, W T. Yang, Lamnation by Photografting, PhD
Thesi s, Depentacting tfilm fsuffoley deringTgrafting loo gyaft &pphimerinaticint wiflaremfily Tesultninl ogy,
10044 Stockhol m, Syweden (1996). Most i.nportantly, phot ol gm nation occurred
si mul t aneot&9nE a&aﬁwgbth %@vffgwaﬁgwsagﬁﬁr%é@gg of srbadded P{%S*Wﬁ strong

adhesi on between the two filnms. A nunber of studies had al so reported on

t he successful incorporation of functional groups onto polyner surfaces via
graft copol yner Réedntl@ reniifindvativertitie fface phawdgmdihgchrodess, dh mihichai droplofit in the

presence of system degassi ng. However no sinultaneous photol am nation
phenomenonseaiion eqstainiagia monesapt andeaiphotoiaitiatos wag sasiwichef batveendwe thin E.

Uchi da, Y. ama,and Y. |Lkad ol vy Cl. P A .Pal , 27,
527-538 ( 15@%‘) :“a‘iﬂ%"‘i\‘)&eﬁ’?m’?‘f@a?& Vi H l?kmy’ ?ﬁ%ﬁ'oylen%%%?.l?: 8t A

Pol ym CheBs310 @296)L §0.3r. 1608 and RORhnbiE), Appl ouban. 36i., 62, 583543199 W, Y.
Uyama and Y. | ada),1 Macr ormlaecul es?% 872- 68719 g1996); gnd%; Zhang, E.

T. Kang, KT.XangieohR Ranby, Jrdppl Bolym. Sci.nbAnH5€355¥(1996), and W. T. Yang,
Lamination by Photografting, PhD Thesis, Department of Polymer Technology, Royal

Institute of Technology, 10044 Stockholm, Sweden (1996). Most importantly,

photolamination occurred simultaneously during the photografting process, resulting in
strong adhesion between the two films. A number of studies had also reported on the
successful incorporation of functional groups onto polymer surfaces via graft
copolymerization in the absence of an added photoinitiator but in the presence of
system degassing. However no simultaneous photolamination phenomenon was
reported or explored. These studies include those of E. Uchida, Y. Uyama and Y.
Ikada, J. Polym, Sci., Part A : Polym. Chem., 27, 527-538 (1989); M. Mori, Y.
Uyama and Y. Ikada, J. Polym. Sci., Part A: Polym. Chem., 32, 1603-1690 (1994),
E. T. Kang, K. L. Tan, K. Kato, Y. Uyama and Y. Ikada, Macromolecules, 29, 6872-
6879 (1996); and X. Zhang, E. T. Kang, K. G. Neoh, K. L. Tan, D. Y. Kimand C. Y.
Kim, J. Appl. Polym. Sci., 68, 625-636 (1996).



Kim 'J. Appl. Polym Sci., 68, 625-636 (1996).

4 The patent literature contains a nultitude of references to
surface nodifications of polymers for adhesi on enhancenent. Rel atively few,
however, are directly related to surfﬁ%e nodi fication via graft

copol yneri zation for adhesion inprovenent. A specific patent search for the
si mul t aneous photografting and photol am nation in the absence of an added
photoinitiator and system degassing did not reveal any simlar published
prior art. SoneTi padént ditdratafe dontats ashuliitnde ufreferérsesitobsakfaor modifications  US
Patent No. 4,968,532, dated Novenber 6, 1990, discloses a.%éﬁceisﬁi)or
modi fyi ng eheolymers detcadhesion erhancameant s Relatively, few, thowiexel, aes ditretly £t r at e

fodi g vt b L1 oty =S ! 2
brocene. cofthevies hfiilation Ve aRt Hbdirndtizalion B0 BdncRbRRERIBRent. W .,
substrate Ysdciid faen SearétPfor AHE Sinfitarso phatbgrating und photdlamibationnini ther t

gas- purged (degassed) nononer solution to affect thermal graft
copol ymer i absencenofaan addedsphiotainitiater eud systam degassing did net teueabgny mivilag 589,

964, dated y, 20, .1986,, di scl oses.a,  process far i fying the surface
characteri B&ﬁ%@e‘g‘?mé aff; SomgPrigha BFVfgé?si?bg SEWH?PP%{%PV% i npart
hydrophilicity, hydrophobicity, or other desired properties there to, by
per oxi di zi ng the surface of the substrate, followed by graft

copol yneri zat i olJSi PateteNgr4&36%532, dated Nowvehiber 62120 discloses| a praesssi 1or a
reduced state, under acidic,condit] on§ 2,217,

. . - S Pat ent . .
dat ed Jul ymedifymgdhe syrface charagteristics © @r%rﬁfm&?ﬂo@]m?ﬂ%@ﬁ%#gégﬁi’ out in
an extrusi eI ' a seaki.ng ek O P &3 C kofabfsws of
grafting rrg?%rrgﬁkgﬁalgﬁt rod‘%}g’égﬁg% toae%kel&e?rBl??gﬁw%assggée/\;\eﬁ/a%cdomgttr’ea?n of the
seal i ng zoperoxidzing and hydrojferBeitlieing thiosurfacdabsaid/ Sibstrzie asing anore; followred 1986,
di scl oses a process, for graft copolynerization S certai nluqfomg-a%écrt]yl

car boxyl i Cb&@st%mNbg@tmggm%g%egasse monomer so

thermal graft copolymerization at the substrate surface.

US Patent No. 4,589, 964, dated May 20, 1986, discloses a process for
modifying the surface characteristics of a pre-formed polymeric substrate to impart
hydrophilicity, hydrophobicity, or other desired properties there to, by peroxidizing the
surface of the substrate, followed by graft copolymerization in the presence of variable

valence metal ions in a reduced state under acidic conditions.

US Patent No. Re. 32,217, dated July 29, 1986, relates to mass graft
copolymerization carried out in an extrusion passageway having a sealing zone to
prevent back flow of grafting material introduced to the extrusion passageway

downstream of the sealing zone.

US Patent No. 4,526,579, dated January 20, 1986, discloses a process for graft
copolymetization of certain alpha-vinyl carboxylic acid anhydride monomers onto the
surface of a natural rubber article and subsequent hydrolysis of anhydride to form

hydrophilic carboxylate groups.



surface of a natural rubber article and subsequent hydrol ysis of anhydride
to form hydrophilic carboxyl ate groups.

5 Japanese Patent JP7,101, 017A, dated April 18, 1995, discloses how
an easy adhesive resin |ayer is prepared to make a polyester film useful
for a magnetic recording nmedi um 3 Japanese Patent JP7, 216, 319A,

dated August 1513936 paflne SbRRA S Shled AT | (908N losclihna 4y adhesi ve

| ayer conposed ast omer téner and 1 nconpati bl e
macr onol ecadlesive aegiwum@r is prepared toCafak@rn B&Iyesnér Ffm 4isefilll @orS 5 &Adgnetiat ed
Sept enber 28, 1995 di scl oses the preparation of a nalleable,

mul ti-1 ayefeéﬂr dinggpediumnesi ve screeni ng sheet or strip to carry conductors;
and pi pes which screens el ectromagnetic field and radiation for use as a
conduit system Japanese Patent JP7, 216, 322A, dated August 15,

1995, rel ates t faphiege Matsmt JPTOR1O8 194, Sédtéd a’digﬁétl V& 1995; \Widchaes aeslfs ubber
sheet or tap by l[am nating a self- adhesive non- vul cani zed rubber on a

surface mafdhesiye shedie having an cadhgsive layer icompesed opfa elastpmen ngelifieroresing e| ease

paper and f ve ru s lam nated on it, followed by
wi ndi ng théafeg%%@"@c&ﬂ?@%ig cfmclﬁecularcompo panese Patent JP 7,216, 315A,

dat ed August 15, 1995, discloses the preparation of a self-adhesive film
| eavi ng no residue on the substrate, prepared by formng a thin netal |ayer
on supporting fGIermamMeﬂtrIbEﬂ 440,563 Ahpdated Septembarf 28) 1094, dstlbseadhesi ve

7138, 034Apreasaden o¢a st b Jveprt tkadbsive soreenina shoRar SPLOERBRy 1 osi n
sel - adnes biubfs; 38d bi r?%cat o kP BectrIREA AN oRE (SRANN TOPBldYas K1) M €,

nodi fi ed SI I cone’'res yst cone resin, tack
| mprover. conduit system.

Japanese Patent JP7,216,322A, dated August 15, 1995, relates to the
production of a self-adhesive non-vulcanized rubber sheet or tap by laminating a self-
adhesive non-vulcanized rubber on a surface material, the surface material is
temporarily bonded to a release paper and the a self-adhesive rubber is laminated on it,

followed by winding the laminate into a roll.

Japanese Patent JP 7,216,315A, dated August 15, 1995, discioses the
preparation of a self-adhesive film leaving no residue on the substrate, prepared by
forming a thin metal layer on supporting film made from, for example, polyolefin and

self-adhesive layer on other side of the supporting film.

Japanese Patent JP 7,188,634A, dated July 25, 1995, relates to a one pack
curable epoxy resin self-adhesive for self-adhesive tape , comprising of epoxy resin,

ketimine, modified silicone resin catalyst for modified silicone resin, and tack improver.

In International Patent WO 9,411,421, dated May 26,1994; and European
Patent EP 667,879, dated August 23, 1995, modification of polymer-based surfaces by
coating with particles is affected without the use of an adhesive by converting the
surface top layer to a swollen or semi-dissolved state and simultaneously or

subsequently contacting it with the particles.



In‘International Patent WO 9, 411, 421, dated May 26,1994; and Eur opean

Pat ent EP 667,879, dated August 23, 1995, nodification of polyner-based
surfaces by coating with particles is affected without the use of an
adhesive by converting the surface top layer to a swollen or sem -di ssol ved
state and sinul taneously or subsequent?y contacting it with the particles.
6 I n European Patent EP 358,519A, dated March 24, 1990; Japanese
Patent JP 2,073, 828A, dated March 13, 1990; Japanese Patent JP 2,245, 033A,
dat ed Sept enberInZByropQaPatédt BPa3 58081940 dated DAAcI6 24, 19981 Eapa®sp PatenelP 17,

1991; E Pat ent EP 358, 519A3, dated M 2, S.Pat ent No.

52360, S B3 a0 hghiod Mch 33155, g dopin Phais ohif el SRRt

copol ymer 9% {9800 TR Buuds X, 8348636 Warct SR eAIRL 9] 19910 Bhrdpietin PhteAERNT Vi Nyl
a , - an (0]

esters, ethyl'éne, an a pdl yam I gomer having a primary am no

group at oBss s fdateédsMareh elBy1092)r ahd dilS @atenh dos 530K, 48,5 dited Apdlil S¢l osed.
I n Japanese Patent JP 4,370, 107A, dated Decglnber 22, 1992, a npdifi.ed
copol yest ed994 aogrefi opalympr Gompiisss asstork eapolymes of manomery Hemesstes® 8f i ng no

hydr ophi li¢ i [ i o] YEe&!t eal o]

cubst | ¢ uenbOBPHE ool & B IS RoEs "bftefit BRLYCO, Sha 200l ARaPT

adhesi ve pgliysdrbvihi b PEmeRta;iREgrodY 2B sHdNd it8 shitule giaftedt drothe sfock he
nodi fi ed copol yester on at | east one side of a polyester film

Accor di ng has @endisclosedt ent DE 3, 602, 800A, dated Decenber 11, 1986; European
Patent, EP 204, 943A, dated Decenber 17, 1986; US Patent No. 4,740, 562,
dated April 26, 1988; and CGernman Patent DE 3, 602, 800C, the surface of

pol yvi nyl i dene {4 lJQdahfLQ Pttt CIPe, 376, 10PAL Hated ecemBernyglr ofdouar iodifie@n, by

etching with base, 'solvent or swelling agent and honogeni sing agent, to

i nprove adbepsilyssteanid bitdinehhbyt i poilyimerising an unsaturated monomer bearing no
hydrophilic groups in medium in presence of a copolyester bearing no substituents of
sulfonic acid derivatives. Also disclosed are easily adhesive polyester films obtained by
applying aqueous solution of the modified copolyester on at least one side of a

polyester film.

According to German Patent DE 3,602,800A, dated December 11, 1986,
European Patent, EP 204,943 A, dated December 17, 1986; US Patent No. 4,740,562,
dated April 26, 1988, and German Patent DE 3,602,800C, the surface of
polyvinylidene fluoride articles is modified by de-hydrofluorination, by etching with
base, solvent or swelling agent and homogenising agent, to improve adhesion and

hydrophilicity.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a method for imparting
adhesion between two contacting polymer surfaces through simultaneous
photografting and photolamination, or through simultaneous thermal grafting and

thermal lamination under atmospheric conditions.



SUMMARY OF THE | NVENTI ON It is an object of the present invention
to provide a nethod for inparting adhesi on between two contacting pol yner
surfaces through sinmultaneous photografting and photol am nation, or through
si mul t aneous thermal grafti ng and thermal | am nation under atnospheric
condi ti ons. i s al soan object of the present invention to
provi de a proc h ation,

or thermal gra ?snéﬂgnag‘ &lgdrtnmﬁﬂ &Pgﬁng%gﬁ ?@%h@&{a#&gdéagd%t g@%g‘éﬁ?}ﬁéeg of an

added pht airultanedusr pidtogrifingaland phbiofntfiation dr %érhﬁhtgramngoamﬂemsr ng of
t he system The objects of the present invention can be inparted

on all pollgmisatien, umﬂlsaaomletq MPmlqﬂ@nfaﬂM plipinitiatos ot dhsrprhiaitiatascands

pol yol efin,. % pol ymers, fluoropolyners, electroactive
(conduct| ﬁ%ﬁﬁﬁé %?ﬁﬁ@é aﬁgy ﬁﬂe as well as thernoset polyners.

In the case of sinultaneous photograftlng and phot ol am nation, the
preferred application and the best advantages of thel?resent I nvention are

obt ai ned from p'BIWCtquflthﬁ prg;*qnt inventigni can beimpasted: anealk palymer fmt paiths par ent
or senmi-tra

Che” o beerBURARE AR phifs 2, PimoRERRs offaicietiy, golyeer, mugrbRidicFodfeEn  79° ©

limted toiioepohfniers, aéle&foabtﬂfé”(doﬁ&kctxﬂ@) YA® "copfhigited Gidirumepdt asd Rl 2dsS O
obt ai ned between pol'ymer films wth vastly different physicochen cal

proper t i esthemmbsetopwesrs. i ons, such as between a fluoropolymer film and a
polyolefin film -

In the case of simultaneous photografting and photolamination, the preferred
application and the best advantages of the present invention are obtained from polymer
film pair, in which one of the films is transparent or semi-transparent to UV or near-
UV light.

Another advantage of the present invention is that the thermal and
photolamination are not limited to two similar or identical polymer substrates, but are
also obtained between polymer films with vastly different physicochemical properties

and compositions, such as between a fluoropolymer film and a polyolefin film.

These and other objects and advantages of the present invention are obtained
according to a first aspect of the invention by providing a method for activating the
surfaces of two contacting polymers such as two polymer films. The preferred method

is ozone treatment, inert gas plasma treatment, or treatment by corona discharge.

The objects and advantages of the present invention are realised when two
surface preactivated polymers, such as two surface preactivated polymer films are
brought into intimate contact with each other in the presence of a small amount of a
functional vinyl monomer. The interfacial adhesion strength is fully developed when
the assembly is exposed to UV light or to elevated temperature to effect graft

copolymerization at the interface.



These and ot her objects and advantages of the present invention are

obt ai ned according to a first aspect of the invention by providing a nethod
for activating the surfaces of two contacting polyners such as two pol ynmer

films. The preferred nethod is ozone treatnent, inert gas plasnma treatnent,
or treatnent by corona discharge. 8 The obj ects and advant ages of

the present in ti r eal i se en t sur f ' ol yners,
such as two sur ac&gj)egtr%ggta?@*agas %o%ﬂ@?equﬁ%%%%g%@gggﬁ%‘}e?i%%hggid%t i mat e
contact Wigrhf irlthising flofnfiRe BV CREPEHEIMS uAdSES diffisidonWhd efthnglerhetiCt | onal
vinyl nononer. The interfacial adhesion strength is fully devel oped when

t he assenbhductive enp dispersive inferactiayis: iopic angl elecivestati¢ interastiont Hrbondiogef f ect

ft I ' A t he i nt .
" COPookaTEy ol andos pantopEe! B SRS osent i nventi on are fully

achi eved when the grafted polynmer chains fromthe two | apped filns undergo
di ffusi on and entangl enent, inductive and dispersive interactions, ionic
and el ectrost atThe motomens farg@uaft b fmdymirizgtiorc andalasivtatiboack selectednfiidmra

crossli nki@gﬂat the interface, rs.for af t,

) The, non r )
copol yner | 2%ly 8h Vigslmpnomess wiuch readdly Jederge Seeerrdiral anttiated P%Imenmhﬁw
nononer s | eaql r readi L QL L : DO r dag:ak:. on.
Desi r abl y\,lﬁ%sﬁgblg’oﬂ%nlg}s Isl&g%g %glsfg%t&g% @%%ﬂ% f#brgﬁgdr gﬁ%&%o L{iglﬁ;? n‘lﬁlﬁpa)lt(‘)l ar,
cationi c, amfoniv)amphatandatebecirolyte fuattionhlmobigties. f uncti onal noieti es.
More particularly, said functional nononmers are selected fromthe famly of
| iquid vinyl nmononmers. The nononers used thereof may be selected fromthe

fami i es of acyblcofhiheRasss sURAONPhRnoRElY bVl ofGhy kil gPnOTer s,

gl ycidyl or epoxy- con i ng nononers, am ne-cont al ni hg nonone

fam | i es diquid vigylinmondmen| hemnsnoniess used thereof majibe stletred frompthe fanilieser s are
al so selected fromthe famly of soljd vinyl nonomers which are soluble in
wat er or cHapic acidhnsed mogomers; acrylamidepnd agrylate monomess, shicidylor epgy-ed gr af t

copol ymer 'czo?i{ahrﬁt?g 1 o}n%gl 'gl%tit{egcr(])n '?niﬁgh?no%g;sn%ps? %nd ffararllﬂies of vinylimidazole

monomers.

The functional monomers are also selected from the family of solid vinyl
monomers which are soluble in water or common organic solvent. For effective
thermal or UV induced graft copolymerization and lamination in the absence of an
added initiator and without prior system degassing, a solution containing 20wt.% and
above of the monomer is preferred. The solid monomers thereof may be selected from
acrylamide and acrylate monomers, sulfonic acid-containing monomers, monomers of

polyelectrolytes, and amphoteric monomers.

The substrate polymer films used thereof may be selected from polyolefins and
hydrocarbon polymers, such as, but not limited to, high density polyethylene, low
density polyethylene, polystyrene, polypropylene and polycarbonate etc.; polyester
films, such as, but not limited to, poly (ethylene terephthalate) etc.; fluoropolymers,
such as, but not limited to, polytetrafluoroethylene, poly (vinylidene fluoride), and their
copolymers. Thermoset films or polymer films with thermoset characters, such as, but
not limited to, epoxy and polyimide films etc. may also be selected. Conjugated or

electroactive polymer films, such as, but not limited to, films of aniline, pyrrole,



added initiator and without prior system degassing, a solution containing
20wt . % and above of the nononer is preferred. The solid nononers thereof
may be sel ected from acrylam de and acryl ate nononers, sulfonic

aci d- cont ai ni ng nonomers, nononers of rFgol yel ectrol ytes, and anphoteric
nononers. The substrate polynmer filnms used thereof nmay be sel ected

from pol yoﬂhﬁ)fp' . o] p uq,m},peﬁ m to,
hi gh density B%lﬁy?t?‘ﬂiz‘&}e‘%g, ﬁ?%ﬁ/&%én%dﬂﬁ%éﬁ%t hyFene, Pb!g ys‘tyrgnéﬁ&d

pol ypr opy| denivativesl apdinabogs hosedls etused apabyteseser il ns, such as, but not
limted to, poly (ethylene terephthalate) etc.; fl uoropol ymers, such as,
but not limted to, polytetrafl uoroethylene, poly (vi nyl i dene fluoride),

and their copolyne bfecbs %raﬁ% ég%g P{‘ gﬁtp?éseeqhwﬁﬁgm 31'&3 J@st%ﬁag%tegﬁﬁgéﬁs et

characters, suc not poxy an ne etc.

al so be seifﬁiage@ﬁedcguym@@hﬁﬂh @Itheﬂhlﬂﬁlhfeﬂ%ﬁbﬂﬁb% alsalexniait ufmd BendingUpblaes, but
not limted to, filnms of aniline, pyrrole,

9 t hi ophenisterastips,H-bondieg, and/orbanding threugh mets) thelasioni nyl ene pol ymers, and
their derivatives and anal ogs, may al so be used as substrates. The
obj ects and advantages of the present invention are substantially enhanced
if the grafted PRl yoeéts Qh&'d&%arﬁige%*’tﬁ 1he Mpreghe GnveRGH E&Cﬁsélsﬁ%lﬂ%éﬂl)b' t ionic
bondi ng, polar interaction, H bonding, and/or bonding thro net al

chel at i on. enhanced if thél' lzeafizl) mlymeractuﬂmdaxatlkalg,apedomterfwa puﬂetgntcovabeht ion are

i or f ace PRERGEY CORERE. DlsapHgedD orisa e SERFS SEPE bt oeedy |y
when t he EMH&Hn%@ rolt é@ﬁ@ﬁmcﬁ%edt‘gﬁh k@r&ﬂl@%ddéﬂfe} Qﬁbﬂse bl fc?ﬁtthnﬁféﬂ%,y meri zed

wi th curabl e nono , but not Ilmte epoxi unsat ur at ed
est er, ur e¢doxide, umaturamhestamdquzlhmnpkihdmxeemhdrm:emmxasedamdndsdms rand elsgieect i ve
curing agent. The curing reatlons durlnglamnatlonre |Iyr sult in a

coval ent | yreﬁﬂﬁ‘?ﬂ‘é"dc%fﬁ’@ %ﬂeﬁ%sl K SHINgG, Feaetionsedunngplamingtion, geaddy (5‘??“ tPehgt h.
covalently bonded and crossliked interface with high adhesion strength.

DESCRIPTION OF PREFERRED EMBODIMENTS

While not wishing to be bound by any theory, it is believed that the present
invention is based upon the fact that the introduction of functional polymers, through
radical initiated, surface graft copolymerization at the lapped junction between two
polymer films, readily results in the simultaneous lamination of the two polymer
surfaces. The present invention differs from the prior arts in that no polymerization
initiator or system degassing are needed and the graft copolymerization and lamination
are carried out under atmospheric conditions. Thus, the surface of a preactivated thin
film or substrate is capable of undergoing thermal or near-UV induced graft
copolymerization when coated with a thin layer of functional monomer or monomer
solution and covered with an inert substrate. The inert substrate should be semi-
transparent or transparent to the near-UV light in the case of photo-induced graft
copolymerization. Simultaneous graft copolymerization and lamination occur when
the other substrate is another preactivated polymer film (not necessary of the same
material and composition). The adhesion or lamination strength, is governed by the

nature of the interaction between the graft chains at the lapped junction. The



DESCRI PTI ON OF PREFERRED EMBODI MENTS VWhil e not wishing to be bound
by any theory, it is believed that the present invention is based upon the
fact that the introduction of functional polyners, through radical
initiated, surface graft copol yneri zat{on at the | apped junction between
two polyner filns, readily results in %e sinultaneous |amnation of the
two ol VI inSiclat SiferachiBfty RSP Him | MUSHVEORicbrtive! ah | O WAL icHic 2T [ S 1 1
that no polynerization rnitiator or systemdg gassi hg are nee(f d and the
graft copoleleoweostativt dovalentrisbntiing] st Hl-bonding foreest lreall cases, whale diffitsionspber i c
conditions. Thus, the surface, of .a preactivated thin filmaqr sybstrate is

capabl e of htsaglenent 7y the,lopped juastioneplay en/impeytast dolgin the teaplting P8¢t i on

when coat e | ' ' I QIRI : O | wti on and
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t r anspar entfustfiohdl aesips iethe shdfadehgaftedasolyder| i THetextant bh entadienddt, on the

phot o-i nduced %r aft copol yneri zation. Simnmul taneou;ﬁg{_aft copol yneri zati on
and | ami natothen hands depenfeen thp effisienerand densitynf sutface graltingr preact i vat ed
polymer film (not necessary of the same material and conposition). The
adhesion or |am nation strength, is governed by the nature of the

i nteraction bet yeighvellXaowh #f the S8iitIR lRdratuRethhedMBhber WP Giny1GHonohttes are

10 interfacial interactions arise frominductive, dispersive (van der

Waal s), i osusceptiiledor oeardiV-iightowal thetma)oindicry, radichl Hpddymetizatio.or dbe. I n al |

cases, chain diffusiagn.and entanglenent at the | ed junction.play an

i nport ant PANCMER PpRd M dRE PreTENta e oY, k% FE‘W@{‘ ﬁi?gr#hgﬁs[ rﬁl"ﬁﬁdyof"f i‘ﬂ'i“ér faci al

i nteracti oy t er{y ' ; finsts ty s in the
urf ace. gr aTRNRE FUTIT 8, SO ftialih LoRbkD A iR 10 BRe RURYRS e
depends on getwerated forc itlensybstrate siefase.t yThds, sariok atoe gopflaopolgmerization, the 1t is

wel |l -known in the .scientific Jiterature that a nu r of vinyl manqQners are
suscept i bl dubstratecfiims Wn’rpgwe%wf RESH) 0Z0Rg Lfeéawrﬂbﬂ?ﬁergp 058#5%@%9%% i on.

The nononer, [in [ 1.0 C hi 11y of
oyt monord SISOl & GRake I (ifthced Botee B TR A hubBT Y O
radi cal s ggerixideed @he tgeeoxided Specidseors thé asuefaces Tofiswo peompacting fjmaf are

copol ynmeri zation, the substrate filnms are pretreated with plasma, o0zone,

corona di séﬁ‘%ﬁﬁ@‘@ﬂgy dggasenosed, therraally arrky i thtn@éﬁ%ia%ﬁhﬁlgﬁﬁwa surface
cover age ol par 8 A5, ALV SRS, KlETion i 46 PRLR FhRGRAS On e

surfaces o I 'Ng
or monomers.

The selection of the type of surface activation for the substrate films prior to
surface graft copolymerization and lamination is of particular importance. For
chemically inert surfaces, such as the surfaces of most fluoropolymers films, the
choices of surface pretreatment are limited to plasma and corona discharge treatments.
For the polyolefin, polyester, polyimide, polycarbonate and hydrocarbon films, the
choice of the sutface activation methods is less restricted. Due to the reactive nature
of the conjugated electroactive polymer surfaces, graft copolymerization can proceed

in the absence of any surface pretreatment.

The selection of the monomer concentrations used for graft copolymerization
in the absence of initiator and system degassing is of great importance. For liquid
monomers, pure monomer is preferred, although reaction will proceed with solution
containing as little as 10% monomer by weight. For solid monomers, a monomer

concentration above 20wt% is preferred, although a 10wt.% monomer solution can



subsequent |y deconposed thermally or by near-UV-light to initiate the
surface graft copol ynerization reaction and sinultaneous lamnation in the
presence of the nononer or nononers. The sel ection of the type of
surface activation for the substrate fjlnms prior to surface graft

copol yneri zation and lam nation is of particular inportance. For

chemi cal | y alsd ¥etussdll FGCRwer THSHIRF cBH@en&h!t'i&ﬁﬁf‘eﬁ‘ afloﬁgegtmﬁé ?ﬁ%&aea Yger s
films, the choices of surface pretreatnment are Iimt to plasma and corona
di schar ge initéate theneactiokandt inssoprel casdsefd reaclptheysasie extenpof yirficel grafling.

pol ycar bongt e ,and drocarbon filngs, the choic f the surface activation
met hods i s 1PEJEst égﬁqswet guliygge (ahtaned E‘éa‘t‘f}f“’rr\/go&’al"é‘%"é @tanglemento#pdigat ed

el ectroact | 4 s ot QA fd ' ' e in the
absence of SayBRTRERSHGL 6T 0l () GRAPLERY ERLBLIRLBIBRRRS ey
concent r at amoag tiseegrafted chdid betoegpthentvd Eppéd Burfited. havidth siRNpRsente ioffi ti at or
and system degassing is of great inportance. For |iquid nononers, pure
monomer i s SWHEieetchaig diffision ) pntargiement elestioptatic andéarsovalens bording atghe

cont ai ni ng kit %. nmn r..by wei,ght,, For ,.solid nonangrs, a
nononer co;@gﬁ‘{ F&an% I{lgnn%zrgléi\gaée%mﬁgfqago% (8¢ é’gr ahgerved BTBVSSA X9 SIS Chonomer
sol ution ca&ween two dissinfilar Bbstra@hImkOrIt ISRYRA HEHHGE ho®/RWEE Mat Pblyafdr used, a
| onger tinme is needed to initiate the reaction and, in some cases, to reach
the same efilmsaf different chemieal giragtuteragd compositéan willxbibit differers shsceptibility obt ai ned
(i) when both chaip entangl epent . electrostatic, i pteracti ons cosexist,
bt (1) i Bt cRROBBHARRN bich e SLEF HiomatgeLsitier Haripg cxbBimgid o

chai ns bet weRttidoge two | apped surfaces. Wth the presence of sufficient
chain diffusion and entangl enent, electrostatic and/or coval ent bondi ng at

t he | apped junction, sinmultaneous |am nation can be observed between two
simlar or between two dissimlar substrate filns. It should be noted,
however, that polyner films of different chem cal structure and conposition

will exhibit different suscepti bi k M?mﬁis graft copol ynerization with
the sel ect nononer under the sane al conditions.

The following specific examples are provided to illustrate this invention and the
manner in which it may be carried out. It will be understood, however, that the
specific details given in each examples have been selected for purpose of illustration
and are not to be construed as a limitation on the invention. In the examples, unless
otherwise indicated, all parts and percentages are by weight. For all systems studied:
(i) no polymerization initiator was added in the monomers or monomer solution, (ii) no
system degassing or purging with inert gas was carried out, and (iii) all reactions were
carried under atmospheric conditions. Example 1 provides more details on the conduct
of the experimental process of surface graft copolymerization with concurrent

lamination.

While the examples have been carried to show that the method works under
atmospheric conditions without the need for degassing or inert atmospheres it should
be obvious that the method will work under vacuum or inert atmospheres, if desired

for example, in applications relating to packaging of electronic circuits or devices.



EXAMPLES The follow ng specific exanples are provided to
illustrate this invention and the manner in which it may be carried out. It

wi || be understood, however, that the specific details given in each
exanpl es have been sel ected for pur pOﬁ? of illustration and are not to be
construed as a limtation on the invention. In the exanples, unless

otherwi se indicated, all parts and percentages are by weight. For all
systens studied: (i) no polynerization initiator was added in the nononers
or nonomer solution, (ii) no syst BXAMPAEsI ng or purging with inert gas was

carried out, and (iii) all reactions were carried ynder atnospheric
condi ti ons. Exafp?t ereferpdogxpgawental scalepraress, Byp &§Y¥Wﬁﬁ%?£t%8ne
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I nert atnospheres it should be obvious that the nethod will work under

vacuum or piesance of aswphameunt of purtebie awnpwer. eXbirbPBE/AM/LBBE assambbh s
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corona di scharge pretreat ensity pol yethylene (LDPE) films of size
0.5cm x 2 fonOvictoshl dihe ¢empenatetetnfithavpich veascbosenbetveeer 80 &6 905 Afersth®. 2 cm i n

th l 1 t of AA . The,L AAc/ LDPE
nssenbl y - waSHUNETES B B rstatuga) s PR T HELS FT GHADSIE 20 i n
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in a constan enperature oven e tenperature of the oven
was chosenrdsaiting Sonmbhe tphoflntinatiofr. andfthe therihal lamanatibd/ptdcedses eerehabopint
tenperature treatnent, the | apped filnms were subject to | ap shear adhesion
test. For {Heandig 7,I£E§PE7t’é{§§enbly, the | ap shear adhesion strengths

EXAMPLE 2

In a preferred thermal graft copolymerization with concurrent lamination
experiment, two Ar plasma-pretreated polytetrafluoroethylene (PTFE) films of 0.5 cm
x 2 cm in size were lapped together with a contact area of 0.5cm x 0.1cm and in the
presence of a small quantity of the aqueous solution containing 50 wt.% or less of
DMAPS amphoteric monomer. The PTFE/DMAPS-H,O/PTFE assembly was placed
in a constant temperature oven for 0.5 to 3 h. The temperature of the oven was
chosen between 60 to 90°C. Lap shear adhesion strength resulting from this
simultaneous thermal grafting and thermal lamination process readily exceeds 90
N/em?,

EXAMPLE 3
In a preferred photolamination experiment, an ozone-pretreated LDPE film and
an ozone-pretreated poly(ethylene terephthalate) (PET) film of 0.5cm x 2cm in size
were lapped together with a contact area of 0.5cmx0.2cm and in the presence of a
small quantity of pure AAc monomer. The LDPE/AAC/PET assembly exhibited a lap
shear adhesion strength of about 100 N/cm® when illuminated by a 150 W Xenon
source for 10 min from the LDPE side.



resul ting fromthe photol am nation and the thernmal |am nation processes
were about 110 and 100 Ncnferr], respectively.

EXAMPLE 2 In a preferred thernmal graft copol ynerization with
concurrent |am nation experinment, two Ar plasna-pretreated

pol yt et raf |l uoroet hyl ene (PTFE) filnms off30.5 cmx 2 cmin size were | apped
together with a contact area of 0.5cmx 0.1cmand in the presence of a
smal |l quantity of the aqueous solution containing 50 wt. % or | ess of DVAPS
anphot eri ¢ nononer. The PTFE/ DVAPS-pRAMPIEX assenbly was placed in a
constant tenperature oven for 0.5 to 3 h. The tenperature of the oven was

chosen between 6@ anothgoprsfarfed photogtafiingandzphotalamination experitent.cdplesmey f r om
e o Res EE TRl BhB 8 83 PSEITR! bR 3iarod oQiciipsin o Y
In a prefer ] | [ AER r t film
and an ozoné%cg?@ég%‘g'gbrgg{%}?g?ﬁ?ﬁgﬁg te%%ﬁ?ﬂﬁ@%@?{g’(ﬁgﬁ!ﬁﬂfﬁﬁ% 0 5% 5cm x
2cmin si zeagheows AARPAOndnng elohrionW The BTEBMACLDBE efssavifiblp ekltibirdd. 2dap and i n

the presence of a small quantity of pure AAc npnomer. The LDPE/ AAc/ PET
assenbl y exthens adhasion steopgthinf abowt JAY P nwhen illwginated by adS0tW Pononseuser 1 |

when il lum . on source for 10 mn fromthe LDPE side.
13 fb?bﬁ%&ﬁ‘ro%tﬁéﬂD%%?&. EXAMPLE 4 I n anot her preferred

phot ografting and photol am nati on experinent, Ar plasnma pretreated PTFE
and LDPE filnms of 0.5cmx 2cmin size were | apped together with a contact
area of 0.1lcmx 0.5cmin the preserE¥AMPLE Smal| quantity of 50 wt. % or

2 1 ap shear - adnel® BIPURE ERGERT SHoriBl e PARDETRFERIP TIocIor JATIACES oy o
150 W Xenonggpimes, (w6 AL Plaid pftaatel PrFE s S @%cm x 2cm in size was lapped
together with a contact area of 0.1cm x 0.5cm in the presence of a small quantity of
glycidyl methacrylate(GMA) - 2-hydroxyethyl methacrylate(HEMA) mixture. The
PTFE/GMA-HEMA/PTFE assembly was subjected to thermal treatment at 90°C for
3h. In this case, the thermally grafted GMA and HEMA polymers also underwent

covalent bonding and crosslinking in the lapped junction, resulting in strong lamination

between the two PTFE film. The lap shear adhesion strength of the thermally cured
assembly readily exceeded the tensile yield strength of the PTFE film even only with

the small lapped area.

EXAMPLE 6
In yet another preferred simultaneous thermal graft copolymerizaﬁon and
thermal lamination experiment, a Ar plasma-pretreated PTFE film and a pristine
emeraldine (EM) base film of polyaniline of 0.5cm x 2cm in size were lapped together
with a contact area of 0.1cm x 0.5cm in the presence of a small quantity of aqueous
solution containing 50 wt.% or less of DMAPS. The PTFE/DMAPS-H,O/EM
assembly exhibits a lap shear adhesion strength in excess of 100 N/cm” after exposure

to a temperature of 90°C in a constant temperature oven for about 2 h.

To those skilled in the art to which this invention relates, many changes in

construction and widely differing embodiments and applications of the invention will



EXAMPLE 5 In another preferred thermal graft copol ynmerization and
thermal | am nation experinent, two Ar plasma pretreated PTFE filns of 0.5cm
X 2cmin size was | apped together with a contact area of 0.1lcmx 0.5cmin
the presence of a small quantity of gHéCIdy| nmet hacryl ate(GVA) -

2- hydr oxyet hyl net hacryl at e( HEMA) m xt The PTFE/ GVA- HEMA/ PTFE assenbl y
was subj ec ) 3hof thelink&itionCThe, t he
thermal |y %L%F#QW Jhﬂﬁfﬁk P%/%eb?g&g% %11 &1& g‘fovl\)/ert?t coval ent bondi ng and
crossl i nki digclosuré ol dhaﬁpsaﬁpnmdtereumarerpasaly iliustrative and aromgt intendedita B bet ween
the two PTFE film The | ap shear adhesion strength of the thermally cured
assenbl y réﬁﬂWB?Wék@ééﬁed the tensile yield strength of the PTFE fil m even
only with the small | apped area.

EXAMPLE 6 In yet another preferred sinultaneous thermal graft

copol yneri zation and thermal |am nation experinent, a Ar plasma-pretreated
PTFE filmand a pristine eneraldine (EM base film of polyaniline of 0.5cm
X 2cmin size were | apped together with a contact area of 0.1lcmx 0.5cmin
the presence of a small quantity of aqueous solution containing 50 wt. % or

| ess of DVAPS. The PTFE/ DVAPS-H err] O EM assenbly exhibits a | ap shear
adhesion strength in excess of 100 NNcnferr] after exposure to a
tenperature of 90[err]C in a constant tenperature oven for about 2 h.

To those skilled in the art to which this invention rel ates, many changes
in construction and widely differing enbodi nents and applications of the

i nvention wll 14 suggest
t hensel ves wit hout departing fromthe spirit and scope of the invention.
The di sclosure and the descriptions herein are purely illustrative and are

not intended to be in any sense limting.



15" * CLAIM5 1. A nethod to inpart adhesion between two contacting

pol ymer surfaces through si mul t aneous photografting and | am nation in
t he presence of a nononer or m xture of nononers but in the absence of
initiators and w thout degassing, 5corrpri sing the steps of: a.
pretreating the polymer contacting sur%aces with a rare gas plasm, corona
di scharge, ozongrAmge ray or |aser, b. Ilapping the said
pretreated polynmer surfaces in contact with a srrall anount of a
functional nmononer or m xture of nonomners, . drradiating with

ltra-violet light, t t f t
mai 1t ai i ng. « nA Bighe S fErERCadtench, Befedt G i c@ﬁ%%%f{yre”mfﬁa%ml@a graft
copol yneri zat | eiﬂm&moh@gg&%? (P8 faminati@n mgtﬁe PRESERL $60 idiHdder aheESi On

bet ween two contacti ng r surfaces throu si mul t aneous t her mal
grafting and | amitmat mfomommd:rhebup lire slenatsende of mitiatore andwithout degassing, e of

nononers but in the. absence of initiators and w t hout degassing,

conpri si ng theCQF@ﬁ?‘ estepsof: 5 pretreating the pol ynmer contacting
surfaces with rare gas plasna, corona di scharge, ozone, gamm
ray or | aser, b. lapping the pretreated pol yner surfaces in contact

with a smal |l aapbunpretrbatimg the polymer cotftavting isarfistes with@mene gas plastid, cosonaf

nononers, .
discharge, ozone, gamma ray or laser,

b. lapping the said pretreated polymer surfaces in contact with a small

amount of a functional monomer or mixture of monomers,

c.  irradiating with ultra-violet light the contacting surfaces and concurrently
maintaining the said surfaces in contact until simultaneous surface graft

copolymerization and lamination occur.

2. A method to impart adhesion between two contacting polymer surfaces through
simultaneous thermal grafting and lamination in the presence of a monomer or
mixture of monomers but in the absence of initiators and without degassing,

comprising the steps of:

a.  pretreating the polymer contacting surfaces with rare gas plasma, corona

discharge, ozone, gamma ray or laser,

b.  lapping the pretreated polymer surfaces in contact with a small amount of a

functional monomer or mixture of monomers,

c.  subjecting the said lapped polymer surfaces to thermal treatment at
elevated temperatures below the glass transition temperature of the
polymer(s) and concurrently maintaining the said surfaces in contact until

simultaneous surface graft copolymerization and lamination occur.

Iy




c.’ ' subjecting the said | apped pol ymer surfaces to thermal treatnent at

el evated tenperatures bel ow the glass transition tenperature of the

pol ymer (s) and concurrently maintaining the said surfaces in contact until
si mul t aneous surface graft copolynerization and | am nation occur.

16 3. The nethod according to claiml or claim2, wherein one or both
of the two contacting polyner surfaces are simlar or dissimlar
polymer filns and wherein at | east one of the said polynmer filns

al | ows t he 3t r adbeimpthashacsprding toaclsibol exr dldigHd, wherein one thoﬂ)e@ih'@d t&ecor di ng

to any one of th recedi nqg cl.ai ns, wherein.any.one, or both of the
pol yners are 38?‘33‘3% W?Wﬁ?tswéfgcfeéﬁh §1@§aroqr diasirilar é)]o}y eéﬁ&“%?z‘ﬁf%’@%{r"&on
pol ymers such @?leFk‘t Ohe deihe sdiy 89%&%1%'&8@8 tHeQMinSlERS6 Jf BRA-VRIRYERNE.
pol ypr opyl ene, polystyrene, polycarbonate, and their derivatives and

anal ogs. 5. The net hod according to any one of clains 1 to 3, wherein
any one or th%é%ol yners are, selected fromthe famly of

t f
f I uor opol yrfgss, hgé?Fé’i‘@t pqgTcyie to any.qp&csfttgﬁ Preeeding: eJaims, PASEInANY qrieor
derivatives an%PﬁlO&Qﬁé/ é}ﬁ%‘ﬁers h@cslel;é?t'e& Gofi e ka?ﬁgfrflées%f polgglgg{l and hydrocarbon

tetrafl uoroet hyl ene exaf ['uoropropy yners of

tetrafl uoroet hypbrersaanticlpess lhigld densiopypolyetiidnectlbar )dengtyp polyethylengf
tetrafl uoroet hyl ene and vinyl chloride , copolyners, of tetrafl uoroethyl ene

and per f | PelBLopylene)ipelysiyyane, polvcarbenatgeand theit deryatives and apslagae) | pol y

(vinylidene fluoride), polychlorotrifluoroethylene, vinyl
fluoride/vinylidene fluoride copol yners, and vinylidene

f1 uori de/ hesxaf ITie metfiddydaingaD Uny 9RE Bf clainfs 1 td Bewh&ti ey 386 OF Bbthdoft 0 any
one of clainms 1 to 3, wherein any one or both of the pol ymers may al so

be sel ected fr &kn phlymeesniteyseigctedofrpms ther familynef flueregolymers, sensjstipgtofy| ene

terephthal ate) polytetrafluoroethylene and its derivatives and copolymers, including copolymers

of tetrafluoroethylene  and  hexafluoropropylene,  copolymers  of
tetrafluoroethylene and perfluro (propyl vinyl ether), copolymers of
tetrafluoroethylene and vinyl chloride , copolymers of tetrafluoroethylene and
perfluoro-2,2-dimethyl-1,3-dioxide, poly(vinyl fluoride), poly (vinylidene
fluoride), polychlorotriflucroethylene, vinyl fluoride/vinylidene fluoride

copolymers, and vinylidene fluoride/hexafluoroethylene copolymers.

6.  The method according to any one of claims 1 to 3, wherein any one or both of
the polymers may also be selected from the family of polyesters, including

poly (ethylene terephthalate).

7. The method according to any one of claims 1 to 3, wherein any one or both of
the polymers may also be selected from the family of thermosetters, including

epoxy polymers, polyimides, polyurethanes, and phenolic polymers.

8.  The method according to any one of claims 1 to 3, wherein any one or both of
the polymers may also be selected from other halogen-containing polymers

including poly (vinyl chloride) and poly (vinylidene chloride).
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7. *The method according to any one of clainms 1 to 3, wherein any one or
bot h of the polyners may al so be selected fromthe famly of

t hernosetters, including epoxy pol yners, polyim des, polyurethanes,
and phenolic polyners. 8. The net hogl7 according to any one of clainms 1 to
3, wherein any one or both of the pol yners may al so be selected from
other hal ogen- qRatmdtRdd dcddpdidgT®6 Stlaim 1 of REAH Y, \ohedéh Yhé YidhbmeF RbrOfHede) and
poly (vinylidene chloride).

17 9. The net kipultansoos sirfage graficdopblymerization land handinatinh arecielecteld dromptheer f or
t he si mul taneou¥ ﬁ“ f cle gr.aft copol ynerization and l.am n@%i oa are
sel ected from &P © %8&&5‘%f“ﬂ%’dl“&?ﬁﬂlnf’ Sc PRGNS g0 femlc pRidPE8fng t he
acrylic acid- bagsdmers, ac{vmg@nﬁm&w' f\ﬁfoﬂﬁ I0AQBRERingS Hohbs, and

aci d- cont ai ni ng nononers,” an acrylate nonomers, Such as

2- hydr oxy- et hylaomytabesmondnadrs sGéhEAs®)-hydroxiyeethylinethaaylhted HEMA)Y. di ng to claim 4
or claim5 wherein said polyners are al so sel ected from ot her

hal ogen- cont ai ni ng pol ynmers, including poly (vinyl chloride) and poly
(vinylidenggchhati : 0 IOl : | Al im5
wherein saielg' pg%rrrgér%%()da?%&a “é%@cm ge?regtg%g 5??@%‘%‘%3@ gdr%ﬂlérsg#e s

el ectroactive Gélﬁfttetgﬁbmcbtm|mméﬁ-coﬂtﬂﬁihgg!blj@etd,’lmcluding poly (vinyé chipside)ol e,

t hi ophene, acetyl ene polynmers and their derivatives and anal ogs. 12. The
net hod accor di #8d pely €viaylidene ehloridehi m 2 wherein the nonomer for the

si mul t aneous surface graft copolynerization and |am nation are sel ected

fromthe group of hydrophilic vinyl nonomers, including the acrylic
aci d-based 11, ThEGRARRT Becofdifigy ke Blalte 4"BINEIERY S wﬁétéiﬁ%idcp@l?th&s%é"a&bm ng
nononer s, and acryl ate nmononers, such as 2-hydroxy-ethyl net hacryl ate

( HEMR) . 13. TFelected: filoou thec tamilti ofgeledtraabtivencanjugatesl| polpmersyvinshuding thee
nonomer for the Si [

monomer for the . o Siaullafeous surface arall CoRolxTRrLzal iof, and
12. The method according to claim 1 or claim 2 wherein the monomer for the

simultaneous surface graft copolymerization and lamination are selected from the

group of hydrophilic vinyl monomers, including the acrylic acid-based

monomers, acrylamide monomers, sulfonic acid-containing monomers, and

acrylate monomers, such as 2-hydroxy-ethylmethacrylate (HEMA).

13. The method according to claim 1 or claim 2 wherein the monomer for the
simultaneous surface graft copolymerization and lamination are also selected
from the group of electrolyte, Zwitterionic, and amphoteric mononers, including
dimethyl sulfate quaternized dimethylaminoethyimethacrylate
(DMAEM.C,HsSOy), 3-dimethy] (acryloyloxyethyl) ammonium propansulfonate
(DAAPS), 2-acrylamino-2-methylpropanesulfonate, and 3-dimethyl (mthacryloyl
ethyl) ammonium propanesulfonate (DMAPS).

14. The method according to claim 1 or claim 2 wherein the monomers for the
simultaneous surface graft copolymerization and lamination are also selected
from the group of epoxide-containing monomers, including glycidy!

methacrylate, ally glycidyl ether, and glycidyl functional aromatic monomers.
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fr'om*the group of electrolyte, Zwitterionic, and anphoteric nononers,

i ncl udi ng di nmet hyl sul fate quat er ni zed

di met hyl am noet hyl net hacryl ate (DMAEM Clerr]H err]SOerr]), 3-dinethyl
(acryl oyl oxyet hyl ) amoni um propansul f gnat e ( DAAPS) ,

2-acryl am no- 2- met hyl pr opanesul f onat e, ¥3nd 3-di net hyl (nthacryl oyl

et hyl ) ammoni um propanesul f onat e ( DVAPS) . 14. The method according to
claiml or claim2 wherein the nonomers for the si mul t aneous surface

graft copolignermiheéahéthed asbrdifglitd@laifN of Rladth POwhereRCihe dnonomers foxntlehe group
of epoxi de-contai ning nononers, including glyci d?/I o met hacr}/I ate, ally
gl yci dyl et her sinalanepuy shefgde giaficeapslymerizativnaandc laminatinr rage also selected

18 15. Th t hod [ .claim1 .cl ajm.2 it
For the | STt UReaqers fopilifs e St JlaREh et ile A T on ar e
al so sel ected (hydr((,{yhgfﬂyl)fa@ryw’nga@ af®NL hmxyﬁe@ggg%ﬂ{deng functionalities,

i ncludi ng N hydr oOxymet hyl ) acryl am de, (but oxynet hyl )
acryl am de. 16. The method according to claim1 or claim2 wherein two or

nore different : onmers with tfunctiopal groups which are abl e of
Coval ent  bolda. /e P according,ta Sautlcl p et BReHE, S 00 akice FRRE g1 of
copol ymeri zat | ibndhfdrs' &t fEAHAL grougs'whih TR QABAbIE Bf édVARML béid TBahatfonbet ween
two contacting polymer surfaces according to claiml1l or claim 2,
substanti al |y ase tsed forthesfimnkandescairfbexigraft copolymerizatiéreandriamination; he
exanpl es.

17. A method to impart adhesion between two contacting polymer surfaces

according to claim 1 or claim 2, substantially as hereinbefore described with

reference to the examples.
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