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* COPOLYNMERI SATH ON W TH-l:AM NATI ON OF POLYMER FI LMS | N ATMOSPHERE BWD
'OF THE | NVENTI ON *o0~ooa* 1. Field of the Invention 5°" July 2002

This invention relates to a nethod to inpart adhesion or bondi ng between
two contacting surfaces of simlar or dissimlar polymers through the

nodi fi cati on of the polyner surfaces lby thermal or photo-induced grafting

or graft poly ' ' i r [ her mal
grafting Is,] ﬁ’ﬁﬁmﬁﬁROK%%@@WE@ZS%%&%N?‘L ing in
3l t anedSORQIYMEBISATION WITH LAMINARIGN O ROLYMIRog af £ i ng
and photol am nation, or thFUMS INATM@OSPHERSE nal | amination are carried
out under atnospheric condition in the conpl ete absence of an added
photoinitiator, thermal initiator or system degassing. The properties can
be inparted on the surface of nost polyner filns, in jng _ polyol efins,
pol yest eBACWBQiH&DmTMMMTEﬁN f1 uor opol yner 57////@% on the
surface of electroatractive (conductive) and conjugate

Photografting, thermal grafting or surface graft copol yrremyzatTn wth
concurrept |am Lon can. be carried out in the presence of one or nore
functi onal nﬁﬁmtbe%@'ﬁ'&?ng, but not limted to, acrylic acid (AAc),
acrylam de (AAn), N, N-di nmethl acryl am de (DVAA),

N, N- di met hyl propyl acryl am de ( DMAPAA), epoxi de-contai ni ng nononers,

hydr oxycont ai This ghveRtisi Rlages to'8 Method b ahpdrh SdHEGIOA e bBndifiP BEVRES tWh

pol yel ectrol yte and nononers of pol yanpholyte. The | ap shear adhesion

st-r engt hcaskackias sufagss o sindlas i igsisailas polyimarsrthrongihtheamedifieationsofcthe readi |y

exdeed th ] i eld h. h b £ilm. le, sh
fexdee: orPEyiE i ostbyhthoBl b PR i lychi Braii S8 btz TR L Crean
two phot gfieibihad pHotdpFaRafkCor thefndl R imduddaokiel eid pulhé susthcednigt h ari ses

from di spersive interaction, chain entanglenent, electrostatic interaction.
ionic  catact]rdsyltingde simyltapepust lamanatiooof thei poiymeresubstratesictBath. thet bondi ng,

d/ | ent.. bondi t th fted.chai t the |. d junction.
The pr eoBIORAbiER A PP P tone O titsfat, Fennd” i el iR ek "
i ni ti at ogarried Quli dlidet 2HtMbspHBHC SIGHHRTONT RO IRS | Behphit® dbS&hek F 61 an 2ddegur f ace

graft copol ynerization and |am naion proceed under atnospheric conditions.
2. Descr phatpipitiatsfr, thremakélitiatetiorgystem 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,

N

thermal grafting or surface graft copolymerization with concurrent lamination can be

=
{
N2

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
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1:)n most engi neering applications, a polynmer is selected because of5'% taly 2002
f avour abl e bul'k properties, such as nechanical strength,

el ectri calel ectronic properties, thermal stability and processability.
O'ten, however, the selected polynmer has surface characteristics that are

| ess than optimal for the intended application. This is particularly true
in the case of adhesion involving inert polynmer surfaces. To correct this

shortconj ng, varioys strat eg{j es of surface chem cal m)gjfi cati on have been
i mpl ementfdactiphe gt péeractines cHrhoading; apd/as sayalent hondme Bggwees theym,

I nterfac i Dejss : . : Y.

Uyama, L @P?@g?%ﬁég%ﬁ@w ﬁgtkoélé es, Y Ekn%l%né{gil%@m &Qprfdgé%?ﬁnﬁgﬂc aster,
PA (1993ho ddded .thdvhdal aitiatoEdphotdinitiitoe randusystone depakisingcati quirdd;| amdance t o
Adhesi on VSP, Zejst, The, Netherlands (1995); L, S. Penn_and H Wang,

Pol yner ssyrfice gEafenpolymesizaion ailuainaion prepsegunder atmospherigepnditions.  Kang, K.
G Neoh, K. L. Tan, F. C Loh and D. J. Liaw, Polyners for Advanced

Technol ogi es, 5, 837-842 ( 1994). A variety of techniques are useful for
chem cal nodification of polymer surfaces for inproved adhesion. These
techni ques include acid etching, X-ray exposure, y-ray irradiation,

ul travi ofet Descxintion erﬂleéiebﬁﬂ?éﬁt beam bonbar dnent, ozoae treatnment, corona
di scharge treatnment, and plasnma treéatnment. The | ast techni que has been
descri bed, for exanple, in M Strobel, C S. Lyons and K L. Mttal (Ed.)
Pl asma Surfacen Magitl eghdesiig OAppReAtions 9. pblyhRy ai3C selédted deoaisenof MBP, Zei st
The Netherlands (1994). A variety of polar and functional groups are

gener at efavenrablee Gyl ypropenigs.f steh as meehagicpk wHrengthes electrisalielegtosic One of

the maj or, dr ks of .S t he [ heni cal
(ohar act oPiaBeRies bnd] bl Fd BERHIBHIS. Gt Bovielih, RVIGRE LGS
conposi t heysurfadé ehzirhdt&iémﬁ)ﬂﬁﬂmtlgss%ﬂi Sptindd f@Odh_aﬁnt&idl:ﬂth li@a‘ti'bu#?['h% 2902 3
reorientation in the surface region can result in gradual deterioration of

t he surf isartiodaslyitwietip thecase n€adhssion involvingined [palynten sudfanest Torvakregtr oups
generateg.on,the polyner. surfaces by these t hods ar. eneyal |y of
o cr ool Bt PaproriAy qRtodh arapgey dfcafic Teni el by bef ace
mol ecul agmpiamestad. ﬁ[@n@?%h%‘b&%td/&@rfbeﬂ,‘%r %Qgh{)lF,SﬂaQOMU%MfI%%c&S

pronoted only in the presence of an externa pplied adhesivé. As an
al t er nat ané Adbesiorg Mervel Bekioar, b Wi (@982)pYedkhdar affd ¥ndiyaonallugricatpm at t he

2t e s EPPIeE Srretty T ectsmies B o B dabersiiara sty Ko M, PThas.
surface gEdhtPspmes Wiklabd Hio@ificaliod \Relendick | i Adnansh,| VISP, BEQUPBhd O be

i ntroduced, "in j)ri nci pl e, onto all pol ymer surfaces in substanfially
enhanced Nethenlands/(1885); $p& Penn enst HatWang; Polywtess forebbimecdoTedhnalagieaneous

i nteracti.o the ar chai ps. fromthe, t t.act j fi.l m surfaces
dur  ng. grabe-RET Gooaf et 2k Kaphel OSmetl Rty Tane £ o Ead PO mes 7 ong
adhesi onﬂgg;,,yﬁ@ ridiBahddd RERIAGRSs, sNsitig4pQ9opce of an added adhesive.
'g{?fbently, n in{?ovative bul k sutrface photografting process, in which a drop

sol ution containing a nonomer and a photoinitiator was sandw ched

between two thin filns, had. been repo dipW T. Y .and R Ranby,
Macr on: ol ecul &k Vasigty aBd e 250 9i{lf/§°rT9ﬂeralﬁﬂ gw&?i%gﬂ%msypqum%m.

Pol Sgi i :  etbhinBPPX-ray 0! YP: .
sei | 62 ulasS For P adnigel, heds (SRRRUBN Il AR gt R T P
Thesi s, lBeposute)gay atadinion/raktravioleh rvddigion, Hestedn beusd bomberdaient] @2bmweo! ogy,

10044 St ockholm Sweden (1996). Mst inportantly, photolam nation occurred
si nul t anétsatment,epronagdischargsrseatgents endrplagma treafient: e The fash gechnique hang

he. succ 2oet R forelBmple, v, SeMET s ol SR L PRGN 088 72 o
via graf (Supabd| MoRificdfén OF Pblybfs: abReRsdcet adpdsien NEI ozgkt i her but in
the presence of system degassing. However no sinultaneous phot 0l am nati on

phenomend¥ethsalande(lG9dk d Aovariety lob pelar and derctional ditewps arel gemeratdtdoon thf E.

Uchi da, Y. ama .and Y. | kad J. Polym i. art. A ; Polym em) 27,
557 53 (PO PurRoens § resyl o ghe trastuents. i theFai mivbecks of (SEF ) o
Polym _OtRgimentis thf e PRAROCASR chactbristF488 e molifid Bolynte sftha,
Uyama and Y. |kada, Mactonolecul es) 29, 68726879 ( 1996); "and X. Zhang, E.
T. Kang, iiluding Newface Kcomposilions, Rre Yimd<de¢peadehtC. Chaiki and . polarAgrbup Pol ym
Sci., 68, 625-636 (1996). 5t" ~uiy 2002 4 The patent literature contains
a nultitude of references to surface nodifications of polyners for adhesion
enhancenent. Relatively few, however, are directly related to surface

nodi fication via graft copol ynerization for adhesion inprovenent. A
specific patent search for the sinultaneous photografting and

Y .= -, e

o, e - o o o



“ nodi fying the surface characteristics of a pre-forned polymeric s&Bsiulya2@02
torinpart hydrophilicity, hydrophobicity, or other desired properties there
to, by peroxidizing the surface of the substrate, followed by graft
copolynmerization in the presence of variable valence netal ions in a
reduced state under acidic conditions. ~) US Patent No. Re. 32,217, dated
July 29, 1986, relates to mass graft 3copol ynerization carried out in an
extrusi on passageway having a,sealing zone to prevent back flow_ of grafting
mat er | al FEPRERR Bate Surfhee ESRiqn, €atoFeSh 4% &b"é‘%‘yd?iﬁr\!ﬁfé‘{‘?‘éaéﬂéﬁ Syfice seal i ng
zone. U t 6 | process
for graﬁFggﬁggiiygpﬁﬁggggﬁ é?pggﬁ%ﬁ?ﬁ&gﬁgﬁgévﬁﬁ§ﬁéggggggyﬁﬁg%ggﬁgﬁanhydride

monomer ssupfated byhtheseunéthods ik genérally 68iniciotadlecular inimtute and arefepesplignt
hydr ol ysi s of anhydride to form hydrophilic carboxyl ate groups. 5t" ~uiy

2002 5 Jgpsisied do pafeansuriape mplecular Taxersg adhesionhetweengtwor modified ipolimeses how an

easy ad | I esi y bS..Dr r e pol i ful for a
magnet i curass, BRGMetel Bl 6 (R ARRCEoF i PRty Dt sffestyer AR gust ' 15,
1995, didrhnties to Gel fenaditioni ofenfidieMblectlay iffigtianal ps \a¢ thaysaifaéhnposed of

el astoner, tackifier resin, softener and inctonpatible nmacronol ecul ar
conpoundnacemaigaules with repeating Amotioeb anits gar &g isegrperted abthe swbge

di scl oseg_the preparati,on of.a | Le mul ti -1 ayered, self adhgsive
cr een ol the” Bliadk rBehc RbtymPaian, Y AL wiftice HPfene

el ectr Ofﬁ?ﬂgﬁﬂeﬁziﬁdﬂ #lowdpedfié finc@dhal Bfoups o BS infroda & iif Rﬁﬂéél@,n%ntd apanese
Patent JP7, 21 6, 322A, dated August |5, 1995, relates to the production of a
sel f  adhalki padymemsurfacesain subgtantigllycenhatoed tquantity sandospatialnvessatilig Jheel f
(ad;hesi ve non-wlogani ZEd rubbe% on a surface material , the sur&’acg mat eri al
i.5 t enpdPSTFy HorHulianegus ntsractions among theqsofing, hatns AOMUIS, EP upper i s
| am nat e&m@aﬂ:tih% filth Q4088 dukiivg praRdlighsr SérHR cbg&yiﬂéﬁ&tiloﬂtvﬂll Feddily lresutgRanese
Patent JP 7,216, 315A, dated August™ 15, 1995, "di scl oses the preparation of a
sel f adhyéwingadhésion betweenthe two serdicdsiia the abdencexeflantaddedadhssizpar ed by y
formng a thin netal |ayer on supporting filmmade from for exanple,

pol yolefin and self adhesive |ayer on other side of the supporting film

Recently, an innovative bulk surface photografting process, in which a drop of

solution containing a monomer and a photoinitiator was sandwiched between two thin
films, had been reported in W. T. Yang and R. Ranby, Macromolecules, 29, 3308-
3310 (1996), W. T. Yang and R. Ranby J. Appl. Polym. Sci., 62, 533-543 (1996), W.
T. Yang and R. Ranby, J. Appl. Polym. Sci., 62, 545-555 (1996), and W. T. Yang,
Lamination by Photografting, PhD Thesis, Department of Polymer Technology, Royal
) Institute of Technology, 10044 Stockholm, Sweden (1996). Most importantly,

{{ N

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).



*Japanese Patent JP 7,188, 634A, dated July 25, 1995, relates to a dieJyn@rR02
curabl e epoxy resin self adhesive for self adhesive tape , conprising of
epoxy resin, ketimne, nodified silicone resin catalyst for nodified
silicone resin, and tack inprover. In International Patent WD 9,411, 421,
dated May 26, 1994; and European Patent EP 667,879, dated August 23, 1995,
nodi fi cati on of pol yner-based surfacds by coating with particles is
affected without the use of an adhesive by converting the surface top |ayer
to a swollen or sem -dissolved state and sinul taneously or subsequently
contacting it 1 ’ et iPatent EP
358, S 19A, da?g%{’%‘é'ﬁtgﬁer%?é St 3'5’82%%%%6#55 fFolides fo & ?fs%f‘@g%%?‘,“ﬁﬁat ed

Mar ch 13of fdl9@ers Fapadiesion Rahanotmei?. Rdldived3fed, hdateeet, Seepdieschprelated 1990; US
Pat ent No. 5,049, 62,8, dat ed Sept enber 17, ,1991;N5_lur,ope_an Pat ent EP

358, 519A8) suficempificationgyvia 1gyefh copplymegzatigne far pghesion Jgipravementiatdd Apri |

5, 1994, r i Y, . 0 from
st ers offtedetent 3Rt B e SRt ER PiEh O EnE R ol R ICHS (10"
and a popbsendedsf & addudephobsiMitiatr and' dyfemy depabsing Gidondt Rvedd ¥y Hifilaef 1ts

mol ecul e grafted on the stock has been disclosed. i~ . ~ In Japanese Patent
JP 4, 370published pritaagtd Someaprios artf interesis summatsedibelpveopol yester is obtai ned
by pol ynerising an unsaturated nonomer bearing no hydrophilic groups in
mediumin presence of a copolyester bearing no substituents of sulfonic
acid derivati ygsPatéitIQo.04,968, S3E atdde NoRembot 6d1ml fd%cl%@és%?i&ksi fdrms

obt ai ned by appl yi ng aqueous sol uti on of the nodi fi ed copolyester on at

| east onaodifyiag dhe surfase yhatagteristigsref apeofarmed nolyn@sichsubstrete datimpart

', 602, 80 e cenher. 11, 1986; European Patent, EP 204, 943A dat ed
902, SR orob it "RERRbicH o Sy 8BS RR LT ek B 05
Ger man PakRidzinE add GPdrofe8Ldizigathe WhffaecofRhid substPRé Wi¥ihg vhofke Asllokedor | de
articles is nodified by de-hydrofluorination, by etching with J base,
sol vent by exposingitheysubgieate innandinerd gasrpwiged (degassed) monememsstusios tadffedti on and
hydr ophi i ci ty. 6@UI\/M?\RY O:,THlifthNVIal\%l ON h.t is an object of the present
i nvent i offergelErafl copolymenzation atithe sybsiateSHace dhesi on bet ween two cont acti ng
pol ymer surfaces through sinultaneous photografting and photol am nation) or
t hrough sinul taneous thermal grafting and thermal | am nation under
at mospheric céifdPateonNo. 4,589, 964| ydafalo Mayt 20,5 1986 odisalossbjae ptocess fdre present
' nventl Ort‘nc}d?fyiri)\é She g&rfaﬁ:epcrhgga%?e%s&c%roft Q %re—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.

(

G 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
copolymerization 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.



"si mil't aneous photografting and photol ami nation, or thermal grafti s Juh2002
‘thermal | am nation, in the conplete absence of an added phtoinitiator or
‘thermal initiator, and wi thout prior degassing of the system The objects
of the present invention can be inparted on all polynmer filmpairs,
including filmpairs and conbi nati ons of polyolefin, polyester, hydrocarbon
pol ynmers, fl uoropvl yrrers, el ectroactive (conductive) and conjugated

pol yuners, as, well th | ynmers, (-~ L .dn.t ecse of

si nul t aneous {ﬁ%’feﬁﬁ ﬁﬁﬂﬁgbbﬁ& é?tﬁﬁidpﬂ’é{l'lg_lb?%ed‘ifr ?‘é(oa“af)‘ffiyi cation
and the paRliv@d¥antIAReSis %re%zﬁ@d Rbemakd & PH@E&éroﬂlf@rL@eﬁlptf@H Aeflagefid) Pol ymer
filmpair, in which one of the filns is transparent or sem-transparent to
WV or nemcomgmgchum Anot her advantage of the present invention is that the
t hermal and photolami nation are not limted to two simlar or identical

pol ymer substrates, but are al so obtained between polyner filnms with vastly

different phygj ﬁﬁ’é‘s@%t&ﬂ'lﬁ%@il@% (Pa'?éii 9&%?9&515 | pgts,  fidfdiedd Bgkveen a
fluoropolyner filmand a polyoleéefin fil hese 'and ot her objects and

advant agadhegifve tsheetphagiegtan adigsiveolayer eompdmd nefd] elastomedi tagkifier aesin,r st
aspect of the invention roviding a nethod for activating the surfaces
of two cﬁﬂ{{eéﬁrt? d"‘ﬁB‘i“??@?%mg?ﬁ?H‘Og?“ OIﬂB?‘Vﬁer films. The preferred nethod
i s ozone treatnment, inert gas plasma treatnent, or treatnment by corona

di scharge. The objects and advantages of the present invention are realised

when two surf @esm#if Paeht D& 404 PR558¥ET, sdated) SeptambérveB, s199badisclosesathiei vat ed
polymer f Inms are brought into intimte contact wwth each other in the

EsenceP@Paf&tlgmf » maHeable, muti-layesed cselfoadhiesive sppeening sbeat or stripetoj Gafr f aci al
esion (f&dru e 3 d} ée‘d'\Wwﬁ’ rgén%fe?&t}f’é{@%’g{é&eﬁ %SH‘%Q(atio% for b ?é a0 W

|7 ght or errpera ure gra capol'ymeriza hiat the
i nt er f aceonduitsystemul y 2002

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, discloses 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.



"8 The objects and advantages of the present invention are fully adl éve@002
vx/nen the grafted polymer chains fromthe two | apped films undergo diffusion
-and entangl ement, inductive and di spersive interactions, ionic and

el ectrostatic interaction, H bonding, coval ent bonding, and/or crosslinking
at the interface. The nononers for graft copol ynerization and | am nation
are selected froma famly of vinyl nbnoners which readily undergo
free-radical initiated polynerization. Desirably, the nononmers are sel ected
fromthe group cont ai ning polar, cationic, anionic, anphoteric or

el ectrolyte f Leki e I I
nonomers are g[g ect e%l' F?%hﬂiﬁ%%? {‘yd&?& ;qu v?lgngyl’sﬂ Rg%e%élﬁ%

nononer s 21098828 Acdsted Mm;h I3 1900, eupadesErPamnt HEZJZABJOBBAsdatéd Septymbcr

d-b d d |
2§'oxyc§ﬁiez§,. {3005 U Retomr - §?¢%&§2‘ﬁt€§f§%ﬁ§h§bﬁ%§r Tuprdpi ot 8Py
vinylim g, I&%ﬂ‘)&‘a%qfivfarfﬁ@ fogct | 'a\fl?\ﬂ PR G> Sa:f(ﬁ) M35 ﬁlg@tdesi fromthe
ol i'avinyl "~ h

famly o nohoner's are so e’1n’wa conmon

organi ¢ 3994 ed prafi-espotfrh@Céanyist ;stadkl copolyimby of ntlowetkry fidkd esters of
copol yneri zation and lanm nation in the absence of an added injtiator and
Wi t hout Hﬂfiﬂtt#fa@Qs@élPﬁ’ﬂ’B@a@%iﬁ rind dindoestars. opthrlens, andi GE. 20dta polyamidehove of

the monONSE b IBURLG T iy TAeRblS o BAR'E it BRIGLe e BRIERRCD from

acryl am noner aci nononers,
nononer s had beegldyseloged.r ol ytes, and anphoteri c nononers. The substrate
polymer filnms used thereof may be sel ected from pol yol efins and hydrocarbon
pol ymers, such as, but not limted to, high density polyethylene, |ow

fgﬁ?i'eétyePOI Y P a8 ke DRLoHE 1P 53701 014 Biiep PeRERE" oy YA W nai ot e)
et ;1 UBPARGLATH Shidbal 1S poleriifg bi Nhdshilrdiar RBhon@! Lafddiorget hyl ene,

pon (vinylidene fluoride) d "t heir copol yners. Thernoset filns or
pol ymer thydnophilic tghoupsan mmdmm uhmesant:e pfa cspollylem bebtmg notsulbatlmemtsdoft 0, €epoxy

d I i.de fil t. I d.. Co d t t
oo yer e S5 s b SR o S aob N il b P o
5" July agf0ite Sadudbe 61i6en %trttﬁtlrtwlﬁ‘étj as;?&yés?e?eon aﬂdeﬁh%ulﬁ&eowanyl ene

pol yners, "and thelr derivatives and anal ogs, may al so be used as
subst r at gelyester 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

L SN
o

(& 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.



‘The 'obj ects and advantages of the present invention are substanti &' yuly 2002
enhanced if the grafted polyner chains at the |amnated interface al so

exhi bit ionic bonding, polar interaction, H bonding, and/or bonding through
metal chel ation. The objects and advantages of the present invention are

al so significantly enhanced if the grafted pol yner chains at the | apped

i nterface undergo coval ent bondi ng arfd crosslinking. Mre particularly,
when the substrate surfaces of the | apped junction are graft copol ynerized
Wi th curable HoficHe n aiech ofcthe gipseabinvention de RfB‘,"%%[j’o%FQf@?s ttetieur at ed
ester, ug Ihlo| n - L Iqr ective
curing agg;gltrﬁlp g’%ﬁgﬁight@%m?éag?f%ﬁg&?ﬁ ?ﬁg’qr %qﬁgﬁ%nﬁgg'é‘g?ﬁf tr‘%@ﬁ t ina
coval ent lamittiodent the dompletsd{bséred of mh addeat phtvinithatdr ghthachad dnitatostandngt h.
DESCRI PTI ON OF PREFERRED EI\ABODI MENTS Wil e not wishing to be bound by any
theory, Withput proridegassing ghthesystemy esent i nvention is based upon the fact
that the introduction of functional polyners, through radical initiated,
surface graft copolynerization at the | apped junction between two of er
films readi|l maedbjestsiof theyresentinvemivacian bedmpaaéd om ald polynter i paks,er p Ym ~
Y p Ymsurfaces. The present_invention differs fromthe prior arts in that
no pol yniscluding m paifstand combinatianssefcnalyplefins polygstar dydesaden nolymess gr af t

copol ynmepj j ! i rrke n C
condi {1 ouGrBpbffhelt’ isEBANe RonaidiERahd Fonfiheel A AD I B G o 1
capabl e tHerrioste pglginegs. t her mal or near-Winduced graft copol ynerizati on when
coated with a thin layer of functional nononmer or nononer solution and

covered with an inert substrate. The inert substrate should be

ek transpare r.t WL Lp.the.ca f

(gﬁot 0- i nduced%?@?%é%@gﬁy@ T %é&%%%@ﬁ%pﬁgé&%ﬂ%ﬁghm ggep ‘|%§°g%°f‘i zation
and | am licRtiorPaxfdUthe BESE Advant, Gﬂhe%b&éﬁtriﬂ&e%_tibﬁ afd\SHthiRéd ﬂbﬁﬁﬂ}iﬂ@t ed

pol ymer flhn (not necessary of the same material and conposition). The

adhesi onfilm phigninrwhithy ane of the dilhs is wangparentnesdsemi-transpatent todJ ¥ forttiear-

i nt eractw.t}f«%tv\een the graft chains at the | apped junction. The 5" July
2002 to IM'n g$ acial interactions arise frominductive, dispersive (van der
Waal s), ionic, electrostatic coval ent bonding, and H bonding forces. In all
cases, chain ditfiision and entangl enent at the | apped junction play an

i mport ant r ol dnothet hadvaatage t ofhghedpeesént ninventenngtis. thah ethey pleermal iander f aci al
interactipn [s.determned, .in term .by the type of functional groups in the
sur face. BROplaBtoR A ot iledab i sicor ot s R et O PRSP hand:
depends qRo idbeaifddf tekiv olﬁﬂ& ﬁlﬁ@%iin&Ely%iﬂfér@&?p@&@Béﬂeﬂﬂcal' ?oﬂe&ié@' | - known
in the scientific literature that a nunbér of vinyl nononers are

suscept i bhdcomposiions,such apbatween g fiuoropolymecfilocandraeptilyelefipfilyner i zati on. The

nononers used in the present invention are chosen fromthis famly of vinyl
f~ ~ nononers. The graft copol ynerization reactions are initiated by free

uaﬁi cal s genem&dmﬁnotmeob?&@ssaﬁ@a@vaﬁﬁgémem&m g.rv%ﬁo#t 19|e Pbadided

‘b‘p ol ynerization, the substrate filns are pretreate pl asma, ozone,
(C'Or ona daswmindingdo arfirst dspectodfathe dnientiord by iproviiding ameethed tfor aotivatimgethe sur f ace

coverage of pergoxi des and hydroxyl peroxides. The peroxi de species on the
sur f acess'aifaa%m? Ciheoacting Phlymass sy as s belibr Sdglﬁweégaf ttofal 1y or
by near - tslond feathfent, fe %E%la%n’ﬂ‘i téﬁdeﬁ?%r@feﬁ&:}en@ﬁi%ﬁbﬂ%lséﬁ&r @n reaction
and sinmultaneous Tam’nation’in the presence of t MONONEr O NMDNONErS.
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.



“The'sel ection of the type of surface activation for the substrat e 5f"~ulg2002
sprior to surface graft copolynerization and |lam nation is of particul ar
inportance. For chemically inert surfaces, such as the surfaces of nost
fluoropolyners films, the choices of surface pretreatnment are limted to

pl asma and corona di scharge treatnments. For the polyolefin, polyester,

pol yi mi de, pol ycarbonate and hydrocaBbon filns, the choice of the surface
activation hods is l.ess restricted. Due to, the active nature of the
conj ugat ed gﬁ&f‘t %@qndéﬁwmpféﬁﬂ%E@PV%WW ﬁlﬁf"ih‘ﬁé’ 2‘3\"!‘6‘?? can
proceed j . h : . I of the
ronomer A AGS Bonff (S 1odpl dRhELIEA Mol 1hd SRABIMAGR D ' o

i nitiat dnduatide aypd idispedngadatrartionss iohic pindadledtrosoatit dneeactibmr Hitiogding, nononer s,
pure nononer i s preferred, although reaction will proceed with solution
cont ai niqqgala%thonﬂmgeandéorfmxﬁkﬂm&grthwtmcgm. For solid rmononers, a
nononmer concentration above 20wt/ is preferred, although a | Osm . % nononer
sol ution can 5" July 2002 11 f~ ~ also be used. For | ower nonomer
concent r at i orfhéesenoniers E0RafttdopBlyhferiz@Rmeshdt laminatibh atesddted famtd on and,
in sone cases, to reach the sanme extent of surface grafting The best

adhesi orfamiy of vinylamenesperawhich reaylilynederen figesadicah initintedh golymenizationd

electrostatiG. . i nteracti ons co-exis n ii).wh val ent bondi ng or
o1 ocs! 1 iPirabiy, el hRRRERT wE iehel srolf Iné iekdunt aRa SRR bRl AR
sur f acesanioffd, Bmphétefit 65686 IRE fisétibhdlinfiétieshai n di f fusi on and ent angl enment,

el ectrostatic and/or coval ent bonding at the | apped junction, sinultaneous
| am nati on can be observed between two simlar or between two dissimlar

uBstratefiI . 1t ..shoul d . nqt ed, however, that po fi | f

ety at e L e bRt R pRBYRNS e A bl of

suscept i [Rjuld vidyltrohdatés. TR moRGEHs Y8 therdof fidy WelsBleéte@ v e farfigper under
t he sane experinental conditions. EXAMPLES The foll owi ng specific exanpl es
are pr ovofaetylic acidibasest menamersjasrylamide aidbacrplate monomers, ghyeidyt of epowti ch it may
be carried, out. It will be understood, however hat tqt}.e .Sﬁec.i figl details
gi ven | rcOBiAUng, monomers, atyne-ganiaining rionamers, ra“BLF[F‘ﬁg%eé £ Vinylfidezols i on and
are not fendifersonstrued as a limtation on the invention. In the exanples,
unl ess otherw se indicated, all parts and percentages are by weight. For
all systenms studied: (i) no polynerization initiator was added in the

nononers or noner .solution, (il 0 system.degassi.ng, or . purgi ng, Wi th
inert gas vvarstﬁl?a_ﬁ’r%\_cﬂﬁf‘ Jronomss (“F‘% iag}"’af ecf"é’a@’f’f‘bﬁée tﬂé‘g‘y Eﬁls‘lgjlf‘ga“‘ghder
at mos phegb ok @D Al 3% s Ol?lgﬁh ﬁy&tePBPV&ﬂ?ﬁ%dggf o Cldienf. Forl dfechinduct of

t he experinental process surface gra merization wth concurrent
| am nat i tharmalVoir @V tihduced nyft espdipmerization andrlamngtioro irs Henatiseate ofhan net hod

wor ks undgy . at.npospheric, condjitions w thout the need fqr., degassj ng, or inert
at o phe?dded AMItA IO iFiop SKSte S4B 1 PRIHOR,FONtADiBR ROMA S ac Lum or
i-nert at i i o] i | I j to
doag 538 BE fié morlohne BiréfRflel Frh%@ﬁmlnsnom&swgdfﬁe%@y@zegggwg L9

kagi ng of electronic circuits or devilces.
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,



* EXAMPLE 1 In a preferred experinmental scale process, two Ar pl asn@™ July 2002
pretreated, ozone pretreated, or corona discharge pretreated | ow density
~pol yet hyl ene (LDPE) filnms of size O Scmx 2 cmwere | apped together with a
contact area of 0.5 cmx 0.2 cmin the pre:>ence of a small anmount of pure
AAc nmononer. The LDPElI AAALDPE assenbly was then subjected to near-UV-1ight
illTumnation for 2 to 20 mn wth a 250 W Xenon arc source. Alternatively,
the filmassenbly was placed in a constant tenperature oven for, 0.5 to 3 h.
The t enfROREGHCe St!tH’@QO\?%Yl\%% GPRC)SBIPP“M E‘?Ne‘é‘ﬁa%: tRPlyBeES, Ao thetk, o

near - W‘de}igﬂiveg’%n&‘éxﬁibg%,exﬂ'?f{ﬂ?&Héﬁﬁhragﬁl%s. the | apped filns were subject

to | ap shear adhesiontest’. For the L c/ LDPE assenbly, the |lap shear

adhesion strengths resulting fromthe photol am nation and the thermnal

| am nati on processes were, about 110 and 1 Q0 N.cnR, respectively. EXAVPLE 2
In a pref er r cthe Qhgchandpdyantages af the H’@F‘?"i&!"i"ﬂ‘r‘\o‘\/\i’rﬁﬁugﬁg‘t‘@h}’ &hk i nation

| ; . . at!
of 0.5 anite st ol RAEROLE keI, R0 RO be bORD (' T

Scm x Q. infersetiv T-bondihg) @nioe bemdigg tHrowphsn@hl chelatoii ty of the aqueous
solution containing 50 wt.% or |ess of DVAPS anphoteric nononer. The
PTFEJDVAPS- H20/ PTFE assenbly was placed in a constant tenperature oven for

0> 0o TR BB HE inlr BE Y Bl i, 0560 SR °2, o

90C. Lap she on s g fromthi S “siirul't™@neous’ t her mal

gr af t i nGenBibed NETtH& | graftddi Pallyinen chEIAS A8 Ihé dasPel Vinfxace dmd&igoNesvaent EXAVPLE 3
In a preferred photol am nation experinment, an ozone-pretreated LDPE filin

an;ln an dsdingmnd crasslinkingp dvigretnagticasly; whepthesubsitats surfaggs ofithe lapped O Scm x

f2cmin size. were | ed,toget hek . W a n t e f O L2cmand in

o o o SfGiotSHe g RADTARS Sgun lbif woRRRER, nRRGR. Ol TR RET e
assenbl Yepgdxlied uhRitliratel 2tef NRBthaRs] NARLAS afd PRAWI B mbAdtherd Gd Mhair?2 when
illum nated by a 150 W Xenon source for 10 mn fromthe LDPE side. (, .

5°" Jul yrespofive sulingAaink  AThencusingt ieastiops afugng demiphidero geadily iresyltainda

phot ol ami nat i on, experiment . Ar. pl asma.pretreated PTEE and LDPE fil ns of
O. Scm X %’ﬁfepﬁy 2?'5’88\% 8'%%‘%%8&%58%@#“%? eSon#Feeth area of 0. | cm x
O Scmin the presence of a snall quantity of 50 wt.% or | ess of agueous

AAc mononer sol ution. The PTFE/ AAc/ LDPE assenbly exhibited a | ap shear
adhesi on strength of about 70 NNcn2 when illumnated by a | 50 W Xenon

source for 20 min fromthe Lo YRR A LM BODIMENTS

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

J{’ ) radical initiated, surface graft copolymerization at the lapped junction between two
N 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
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- In_another preferred thermal graft copolynerization and thernal | &fiJubt 2002
.experinment, two Ar plasma pretreated PTFE filnms of O.Scmx 2cmin size was
-l apped together with a contact area of O | cmx O Scmin the presence of

a small quantity of glycidyl methacrylate(GVA) - 2-hydroxyet hyl
met hacryl ate(HEMA) m xture. The PTFE/ GVA- HEMA/ PTFE assenbly was subj ected
to thermal treatnment at 90C for 3 h.10In this case, the thermally grafted

GVA and _HENA . pol yners al so underwent .COV%I ent, bondi ng and crosslinking in
the | appigriacidcintesactions spise; Hgm rinductive, o dispersivgt (VaR Bk WEaalsh Hetiewo PTFE

film T P el e I yYol |y

ead 1 y SecirBRaRE NGl BORIRE 40b TR bort ot WP PR iR BRTD Y L
t he snulentdnglepest atr tha.lagpédlyihdhon play yeimporainh eslefin e¢he k¢sallingi adlidianeous
thermal graft copolynerjzation and thermal |amnation experinment, a Ar

pl asma- FHERgthat Boe D'){’FE)ff inferfagialyinteragtios; is (lotesminted; My trom¢ pK)the dxRe of | m of

pol yani ld4 ne. | | I e ] tact area
o b1 Qo b Tt GIFD ghined pfur, MR AF BRI, Bn R0 CF o
cont ai nigtleer Handytdeperils ohebseMEichdyin®.deddiy JP5tffddadidtting]20/ EM assenbl y

exhibits a | ap shear adhesion strength in excess of 100 NcnR after
exposure to a tenperature of 90C in a constant tenperature oven for about 2

h. To those il in the art t. ich this inventi.on relates, nany
changes in céﬁ?t‘?’ﬁg'ﬂo&{‘ '3%6 W‘ﬁ%‘?‘f]%r tf‘%“‘r‘il?‘ﬁt;a 8%@ ioﬁg}ﬂyLmQHﬂmﬁfﬁﬁf? cations
of the igy@ptibleNtoM dehr-UV-lightt or Jtbiat Ofidudell (radical ~pSlyABASdtionheNERe ves
wi t hout departing fromthe spirit and scope of the invention. The
di scl osumenasmeds tused desthei presentsinkentionnacer ehgsen efrgmi Khisifamily i ofe vinyli are not
,2) gﬁg\leql\’éér%n?e?s.l fé ygl%.& nt':soepollylmrgniziltri]&i rleac?ions ‘aré ihitiated’ by’ frée 5r§dica~léJ 'y Zoo2
generated on the substrate surface. Thus, prior to graft copolymerization, the
substrate films are pretreated with plasma, ozone, corona discharge or other chemical
and physical means to produce a surface coverage of peroxides and hydroxyl
peroxides. The peroxide species on the surfaces of two contacting films are
subsequently decomposed thermally or by near-UV-light to initiate the surface graft
copolymerization reaction and simultaneous lamination in the presence of the monomer

or monomers.

The selection of the type of surface activation for the substrate films prior to

e ) surface graft copolymerization and lamination is of particular importance. For

L
& 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 surface 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



*1. ,A.nethod to inpart adhesion between two contacting pol yner surb&ckdy 2002
& hrough si nul t aneous photografting and lam nation in the presence of a
mononer or mxture of nononers but in the absence of initiators and w thout
degassing, conprising the steps of a. pretreating the polyner contacting
surfaces with a rare gas plasm, corona discharge, ozone, gamma ray or

| aser, b. Iappl ng the said pretreateH pol ymer surfaces in contact with a

|l t | Lh e
i th ui"‘t by G Hof el Ribneit bronguth fashce RinaSEaE riseipd b0 70 110

mai nt ai Nhifigte! 16 réRtidn akd,fiAG6mel dAs&GOR) Adakh ‘t'l’fg mSE A NGRS glaffrace graft
copol yrmeri zativn and |amnation occur. y 2. A nethod to inpart adhesion

bet ween Theo bessnadhesiongrepaltsy aer abtaidesic €9 whcrodg:hh sthain teatasglementhendral
grafting ,and | amnation in the sence of r or Xture pof nononers
Dot i - ook ostalf gt b S B4 TRE ViR RoeniBRRLEE AE CrepUise R, | ho
steps Ofgmchg fieSrhed Lifkhst B&weal W{w&%@&%h é.“rwgneﬂ\evbr&&néé‘hﬁ gas

pl asma, corona di scharge, ozone, ganma ray or [aser, b. lapping the

pr et r eatseffiqpoit ghain ddfusiba and eatanglememcelectidstatia asdial covabenti hondidg & theinct i onal

nonomer or m xture of norrers c.. subjectipg the said | apped, pol yner
sur f acedapRsd; Wartan, srpulianeous laminatiog, can che Pg betmwegn i @’I%W“Elﬂeobl ass

transi tiQRybERES s budsh epmhxnﬁft%oaﬂdb&ﬁagw hedklet, L BoghAl N0 ! e
said surfaces In contact until sinultaneous surface graft coporynerization
and | am filaisiof diffepenti chemical structure, and oinpdsitign A6 exhibi Blﬂ’e?éiwsuﬁeéﬂubdltyaccor di ng
to claim1l or claim2, wherein_one or both of the two contactjng polyner
surfac estoaﬁagiSSsrhﬁ Panolmermagg@ withthe select raonomer yader the spme emnmentag ast one
(ﬁ%)the g&; iR’ gyner films allows the transmi ssion of ultra-violet light. 4.
t hod accordlng to any one of the preceding clains, wherein any one or
both of the polyners are selected fromthe famlies of polyolefln and
hydr ocar bon pol ynmers such as high density pol yethyl ene, |ow density
pol yet hyl ene, polypropylene polystyrene pol ycarbonate, and their
derivatives and anal ogs. t i%KX&ﬁsqggggd according to any one of clains
1 to 3, wherein any one or both ners are selected fromthe
famly of fluoropolyners, consisting of polytetrafluoroethylene and its
derivatives and copol ynmers, including copolynmers of tetrafl uoroethyl ene and
hexaf | uor opr opld ftlewingapedific@fatmplds ak€proxided 6 ilRistiyleahie irvetigeddd| the o ( pr opyl
vinyl ether), _copolyners of tetrafluoroeth%(ene and vinyl chloride ,

copol yrrell'“émt?r ip é’t’h‘%‘h ftupah Be ieprriedeoutnd pwilt b dinderstandg ihemersr) that 3beij oxi de,
pol yvi nyl g{:llﬁ}f elaﬁ’l?@lve +¥aéhvé{mr?'l%elﬁ%e fbegﬁ) r%lgc%d For Juurgose; of illustration

pol ychl o rifluor ene uorrdedvin uoride copol ymers,

and Vi nyardigeeot tdibé b&shhe&aé hmsaabmbhaﬁ@memﬂmrrﬂfﬂw dkamples, uridskod
according to any one of clains 1 to 3, wherein any_one or oth of * the

pol ymer sothegwisy isdicated,sadl m@@dmemwtaw argrhy) weight. poryadksystens studéiadidi ng pol y
(et hyl en ht ha 7 The d accor to any ne of.clains 1 to
(5 wher oRHAERGIBHAAEH vl ok B ool duboreteRBBedid 9 G« ne
fam |y odystehtddgassigt (ﬁﬂﬁu%lh@ %tlhdhé}ﬂ g@mwc&ﬂweef and st} ¥l FdaG@Shs were
polyurethanes and phenoli c pol ymers.
carried under atmosphenc 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.



"8..The method according to any one of claims 1 to 3, wherein any &felubr 2002
*+bot h, of the polyners may al so be sel ected from ot her hal ogen-cont ai ni ng
“pol ynmers including poly (vinyl chloride) and poly (vinylidene chloride).

.t 5" July 2002 17 9. The met hod according to claim1 or claim 2,
wherein the nononmer for the simultaneous surface graft copol ynerization and
| am nation are selected fromthe grd&p of hydrophilic vinyl nononers,

i ncluding the acrylic acid-based nononers) acrylam de nononers, sulfonic
aci d-cont ai ni ng nononers, and acryl ate nononers) such as

2- hydr oxy-et hyl net hacryl ate (I--B®AMPIE 1 The nmet hod according to claim4 or
claim5 wherein said polyners are al so sel ected from ot her

hal ogen- cont & 3 prgfepst yavpeamentalcscale processi Ywe Amplastad pestiegierl. Qaensol v
| 0ge! o ‘ \ . bo’ ¥
Wher oi n PEfeafed, B Libha dikhacdO BralfRlidioR datkfl byl (IDPRPRIE 8 70 |

conj ugatsd 0FhiyXBIcin weredhppstdnggéther with hicoftacyted 6f .5 dnhk@hemen tiecet yl ene
polymers and their derivatives and anal ogs. 12. The nmethod according to

cl ai m 1 psesendextfra smalramaing of purendAomeonommer. {The LEIRH/| assgfblce graft
| i zati on. | ani nat,i .al d.f t f

o bot 1 onts afenAipiePef o AR OYieh HrufisiR 5 FEpEmin WA [ A RERor: ny.

sul f at e eUigdypsei ARG AVERT e A aSRA{LIY WaF pRE&T itla stm\@(ﬁgﬁ%?@% )

3-di net hyl (acryl oyl oxyet hyl) anmonium propansul f onat e ,
2- acr yl| doi 5+ 3eThe tempepawrenfithooanovasachd s ibitwedn gl to(I°GaAfiar thd et hyl )

anmoni um pr nesul fonate (DVAPS). 13. .The od accoyding.,to,claim1l or
glaim? SRR R bR sttt sremEits i, IREH GG els Pt t bag sheas

copol y ' i Vg | {04 f
(e]éoxi dg?gic‘)%\s?;éll %?th%hgrrer S, A?‘nc%?%gégfb%ltgﬂﬁ?%%ﬁgﬁ% g‘tlg, al 15 gl yci dyl
et her, aesiitgigyfrordythe phototanomaionsandntht ithernmah tamgnationt procdssés wereyabdG02 18 ~i .

110 and 100 N/cm?, respectively.

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/AAcC/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.



*.14,* The method according to claim1 or claim2 wherein the nononeb® Jiibyr2aQ
««siknul t aneous surface graft copol ynerization and | am nation are al so
~sel ected fromthe group containing epoxy curing functionalities, including
N( hydr oxynet hyl ) acryl am de) and N (butoxynethyl) acrylam de. 15. The
met hod according to claiml1l or claim2 wherein two or nore different
nmononers with functional groups whi dd are capable of coval ent bond
formation are used for the sinmultaneous surface graft copol ynmec' ~zation and
| ami nation. t~ .AYY. AUR A R A{.AY. Al h. Al h. AY, . AF. A A3 . A
y. AL A A3{. AY. A&y A9R| D. } EXAMPLE 4
8Y#_{vpke ZU] caV] ca] caV] ca] caV] ca] caV] ca] cal] ca] ca] ca] ca] ca] cal] ca] ca] cRa] c
a] ca] ca] caV] dapmh&m]sfcapdabmg!afm]gzaw pretalaminatipn e}qmwtent dArAlasod) ca) ca) ¢

Z} 22&;%]“%%%% Ml spYlkedl cavhsalsavicelcou] eabaal o cal e
L | BRGNS AP B Sthdth presbncelot 8l UGy B 59449 Gl 2l cal ¢

cajcalca

a] ca] calaqadatia] £A¢ Mdroadet ablutibaa] Thd PAFEAL AGLDPE asseblyldxtitidtedr 8%pA444406556
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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 copolymerization 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,0/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
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mixture of monomers but in the absence of initiators and without degassing,

comprising the steps of:

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

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.
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4. The method according to any one of the preceding claims, wherein any one or
both of the polymers are selected from the families of polyolefin and hydrocarbon
polymers such as high density polyethylene, low density polyethylene,

polypropylene, polystyrene, polycarbonate, and their derivatives and analogs.

((J) 5.  The method according to any one of claims 1 to 3, wherein any one or both of
the polymers are selected from the family of fluoropolymers, consisting of
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-dimethyt-1,3-dioxide, poly(vinyl fluoride), poly (vinylidene
fluoride), polychlorotrifluoroethylene, 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
)
N the polymers may also be selected from the family of polyesters, including
p
. 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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monomers, acrylamide monomers, sulfonic acid-containing monomers, and

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

10. The method according to claim 4 or claim 5 wherein said polymers are also
selected from other halogen-containing polymers, including poly (vinyl 6hloride)

and poly (vinylidene chloride).

11. The method according to claim 4 or claim 5 wherein said polymers are also
selected from the family of electroactive conjugated polymers, including the
aniline, pyrrole, thiophene, acetylene polymers and their derivatives and analogs.

12. The method according to claim 1 or claim 2 wherein the monomer for the
simultaneous sufface graft copolymerization and lamination are also selected
from the group of electrolyte, Zwitterionic, and amphotel:ic monomers, including

| dimethyl sulfate quaternized dimethylaminoethylmethacrylate
(DMAEM.C,;H(S0,), 3-dimethyl (acryloyloxyethyl) ammonium propansulfonate
(DAAPS), 2-acrylamino-2-methylpropanesulfonate, and 3-dimethyl (mthacryloyl
ethyl) ammonium propanesulfonate (DMAPS).

13. 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 glycidyl

methacrylate, ally glycidyl ether, and glycidyl functional aromatic monomers.
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15. The method according to claim 1 or claim 2 wherein two or more different
monomers with functional groups which are capable of covalent bond formation

are used for the simultaneous surface graft copolymerization and lamination.
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