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A METHOD FOR MAKI NG THE SAME 5 The present invention

pertains to a nultilayer foaned fl oori n% and wal | covering product.
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flooring and wall covering Nyl | oride (PVC) and

pl asti ci zers and which cwﬁﬁé@ﬁl’%ﬁgm{éﬁgﬂﬁ vering | ayer

i nt egrated with a latex or thernoplastic foam backing |ayer. 10

The het erogeneous flooring and wall coverings market segnent i ncl udes

textile and plastic coverings. The heterogeneous coverings segnent is

di stingui shed fromthe honbgeneous coverings segnment (which includes

materi al s suchThe présent myention pentainsitha megtéay)qefnemmsl fregirgdnd ef er s
canstructions olving different materials. In

to multila coverin in i
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ecol ogi cal concerns respecting the heterogeneous PVC coveting segnent
pertai n t ovith a latex oy theatridplasficdeamrteckinglegavery, vol atile organi c cont ent

| evel s, and the use_pof 20 heav tal stabiljizers _and inorganic fillers.
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gr eat _ deal of their popularity is also owed to their attractive

per f or manéuclpaslieplenay ipshatthe beterpginedus segment nefaxk & irordtilayat &ovegingnd
st andi ng conf.ort. and pr.i nt-desi .versati]Jity. M nimm_performance
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of greater tha 50 perc anmed

PVC cover isolptioonss altetriatives e pladisized Pulyvihyshiatde GO/Chrvetingo¥ad,t8g. The
pl astisol typically consists of PVC particles, plasticizer, heavy
metal addisPmMpextenidior alematives to Forsentpral textilerdovgrings.eFhe ecalygicalal | v

formed in . . .

PCT/ US97/ fgﬁ%%ns respecnn%\g\r%géélg%é%é?%%se@éc69"?%% ﬁ%ﬁ%??ﬁén _6? astisol on a
fabric or regicesietyi@lergy recoveiih bladil€omRdiSedreadUendls YantlUhk Rge bh e

pl astisol. The usée of a tabric Substrate such as fleece (as opposed

to a 128l eheavpmesal stahilizeraroy iperganitefillers. The ecotegicat @ncerns pertaining to

textile coverings include inhibition of or barrier against microorganism growth.

Heterogeneous foamed PVC flooring and wall coverings have been
extremely popular due their simple installation and low cost. However, a great
deal of their popularity is also owed to their attractive performance properties

25 which include sound insulation, walking and standing comfort and print-design
versatility. Minimum performance requirements in the segment include an EN433
indentation recovery (normalized) of greater than or equal to 90 and a DIN53455
elongation of greater than or equal to 150 percent.

Typical foamed PVC covering construction includes a PVC-plastisol

30 based covering. The plastisol typically consists of PVC particles, plasticizer, heavy

metal additives and inorganic filler. The covering layer is typically formed in a



mat eri al | a‘)ésrgs)%}iggh confers enhanced di nensional stability

ed
covering. 5 The PVC covering |ayer is typi calé@rl{r%%bﬁﬁ %gét-urea
using a calendaring or roll mll process. In such processes, rigid PVC

is formulated with plasticizers and heavy netal stabilizers.. The use
of heavy rfpredding prdesyley laying-gown the plastisal oy h fabiric ol relasse paperor

car boxyl ates of, barjium and cadm um  bari uma zi nc .or, . . cal ci um and
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l[imted to widths of about 2 netérs due to die width [imtations. See, U S.

Pat ent 20 caldumZmiziné)1is espec@bly. infportant éss thgse 8nelt processes to avoid undoTo
overcone the rceiv i mtations,of using established t her nopl asti c
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t her nopl asdalend@bingfprameshAakiraer & £@id a8 @xEssPRRRIMBIHbfGbardk or ';oinmeemsi ng
a powder. sintering rocess wherein the thernoplastic is fornul ated

wi th a connealledrfarmied RN Ggoveringsage hirpicallymganfashitey agreodieds weba fine nesh
powder, then.sintered or scattered . 4-. 5 neters and finally fqaned
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Opper mann suitablestltemhativsdocfrasiaticP 6@ coverngs. [Bde, fordixanipie, 3he diselosarectby

abr asi on I‘Ssi stance and the i
0. PP¢gargy et gp U.S. Patent No. 5,407,617 at Col. 1, lines 32-36. In particular,
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t he perf orOppemnarir eti dbLind$.SoPatientn. 5,407,617 describes a covering constructed
from an acrylic wear layer and a thermoplastic foam backing. The thermoplastic
25  foam backing disclosed by Oppermann et al. is made using a powder sintering

process wherein the thermoplastic is formulated with a conventional blowing

agent, cryogenically ground to a fine mesh powder, then sintered or scattered to 4-

5 meters and finally foamed at about 120 to about 200°C. However, powder

sintering is relatively slow and in general is not considered to be conducive to high

30  production rates. Also, acrylic wear layers such as those described by Oppermann

et al. are considered to exhibit mediocre scratch and abrasion resistance and the

2.
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manuf act ur abl e at wdths of at least 4 neters using | ow cost -
processi ng nmet hods common to t he het er ogeneous coveri ng segnent

As an alternalvet kno erogeneoys PVC caoverings .and ot her
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subst anti afl; Je§peﬁ'é§-{ré processed resilient cushion foam flooring and wal l
covering pro uct met hod for naking the product. The product is
free of polyvinyl chUgéthdge t5aned bacl@hges\tvithl%b@a&v@d}%s@taﬁu@pi@ﬁérhaé e
recycl able, or at |east, can be incinerated pur poses ‘of energy
recovery waksndmovsub'i*cemn feamiggrie astdroplisgtedohedranicallyrby air injeatioinor i ne
conbustlonrgoroducts The broad aspect of the present

i nvention FOVEYRS) qqerka%}@rsywégﬁ qredgirly expepsi¥aapA are At sqss@ﬁtﬂdfe tégam
covering Comppl&ly ngMgreter@r, (R fnw}&fu%tfa P%ge%l%gy' 2 pbyidea sub Pan‘é A

(a) atr nsparent upper ayer conpri

melt procegg mehy&hsﬁeeomwfghﬁ&b ey QR lvent dlspersed 25
pol yol efin plg{il)yner or o eadypecy QB (b) an sol vent

di spersed or nelt pr bheass,eheqans atekdfera PVC-free resilient foam cashiphifloedingl at

| east one ponoI fin polynmer and interposed bel ow the
t r anspar en?n fc%@é}ng Bﬁgagpct thagmeets the performance attributes of kppwn an

optl on C or _texti

i nter mea}éll a gEerr gé&fegﬁgggr‘én?ﬁg géagéa iBHltfife’\}r'%ggﬁg‘ %BF%‘@‘%tﬁﬁ ‘%&qﬁmﬁﬁk’@mmble
- 3- at wid i o9&t ROV meters using low cost processing methods common to the
PCT/ US97/ 20255 wherein the transparent upper wear |ayer and the

print Iayehetwmger‘eeouenbvemmgsegmentt hi ckness of from about 50 to about 800

m crons and the optiqnal internpediate yer has a thickness of from
about 5 to about 500 aé‘r Wgnatgﬁdto\%ﬁg}vgphegeﬁ%gq ngpus PVC cqvgripgs pad joghesgr at ed

with a foapg %Qfﬁ%&d&év@%ﬁg&%ﬁﬂr 1 %v&e?%ts%s&%ﬁggf ;éf(?uc sﬁbétaﬁqﬂﬁ

processed po I'n compoSi‘tion east one

sol ventisdi spelt pﬁd:emﬁwébxﬁénﬂhﬁhfﬁmﬁiam ﬂﬁoﬁﬁ§ ahd Maaaséov@ﬁﬁ Rﬂb&lﬁl:ﬁfricﬂa
pol yner. Anot her aspect the invention is a nethod of

maki ng a mimethpdyer making thegspdng- dheproruetos éreend pobrvinylsiheride and
(a) providin ol vent

di sper si ng pPlgs aefst %F%tsesé?ﬁﬁa&g&y FesYs ab&eh grat least, can be mcmerate%l tor

pol yol ef i n RRpYIMIof bAefed ﬁb@vér?%%t%ﬂ%sﬂéﬂﬁﬁf eMePdtion of chlorine
| ayer ; solvent @i Spersing or e fpd processi ng

at | east owblorine combustion products pol yol efin polyner to forma
pri nt Izgyer wth a bq"%\lé broad aspect of the present invention is a multilayer resilient
cushion foam floor or wall covering comprising a top layer, wherein the top layer
includes:
(a)  atransparent upper wear layer comprised of at least one
melt processed polyolefin polymer or at least one solvent dispersed
25 polyolefin polymer or both,
(b)  ansolvent dispersed or melt processed print layer
comprised of at least one polyolefin polymer and interposed below .
the transparent upper wear layer, and

(c)  an optional melt processed polyolefin polymer or textile

30 intermediate reinforcement layer interposed below the print layer,



15 ; surface and interposing the fo J '
| ayer bel ow' O 98/20197 the transparent ugg@g’s%ig?gsl ayer

with the print |ayer back surface exposed,
iii. optionally, nelt processing at |east one polyolefin .
pol ymer or whersin theniganspagsnti dppermtear layter aodftbe priat 18@r have a combine

and 1 nt er pHSSHTESE RO G ALSHAPD 1o P es D dpiSrore) At Sapkional intermediate
layer belo grepﬁasp% iRy ?f ﬁré\l‘fﬁérboglrt]g 8 %bﬁg@do xg)x(chE% &,nd wherein the top

i nternmedi a reinf or cenen ack surface

(b)  foanhar & th@lPated WIBVS kddrRét backiRg laylE E@ﬁ%ﬁﬁ@d BPA YALLESA Fﬁtion,a
conposition’containing at | east one polyolefin polynmer, or a 58 vent

di sper sed peltymioedssed polypdefirt domnpesitivm bhatrigasttorleqaryolefir ppbirye, ef an

pol ymer, ) and . . (c) integrating the top |ayer
at the priselvenidispersedpalyetelineommpasition of atlpast opeipshelefimpelymeti at e

rei nforcenent |ayer pack surface, to.the conpositj.o f 30 ste b) during
the foaning or afterR{"ﬁ F 8%9?5&0% B‘é?qqodhngiasmﬁ{h"ao& mﬁqngamgln(lager
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PCT/ US97/ 20255 e commercial benefit of the present
invention is the invahtivyeoviding hedvpiaygebgous resilient floor and wall
covering product does not have the substantial environnmental inpact
or di naﬁgl y associ ated wi tih PvecMesbdispgrsingonaelt processingatrieasg ope oduct s.
That is, the inventive product_dogs.not,conprise heavy netal 5

stabil'i zers, nitrosam nes der ip&i@ﬁ;ﬁxr&&cky&yﬁtg %E@rﬁga%srpaé%@éﬁp@eéﬁﬁaé,

pl astici zers with a hi ghly}qgrgti | e organi c content, nor chlorine
containing polyners and is low’n ash after incineration. Thus, the

inventive product can be itonvenlvent Hispessing bethelt processinppatdeast enti onal
energy recovery nethods based on igﬁi nerati on. Anot her

benefit of the inventive prodiYs ‘E‘HQ{YﬁB?V@If@W panylager wigh abagk i s used

for thesvarious |ayers of the ¢ : rdinary
PVC eqﬁlspment such as a tm-rSPFﬁ%ﬁdgﬂgré}ﬁ'}ﬁﬁ% fﬁggﬁlﬁl zli&ééa%ﬁgﬁfpnent.
Such is  surprising partiehéaahypdrent egpadseiiaybiewithehepriadlavel yol ef i n
polymers, i.e., substantially |inear ethylene polyners, becalse

ordi nary pol yol efin pol ymers $ieksurface exposedy| ene vinyl acetate (EVA)
copol yners are generally .t.oo thernall

J y_sensitive t(% 15  be Ii ﬁ;ocessed
on PVC equi pnent and as stich afe “CfpYdyed FrRCePoga ﬂmegstonép@geé by
alternate techniques such as Wér§§§¥dﬁﬂkﬁ§9&%Qﬂléxhﬁfe?falf@forman

Mel t processing equi pnment such as cal ender rdlls present a

particabarly aggressive ther mahteemediate reinforcementaayértwithal barksurfatd, i s

substantially exposed to at m)spge,ri C oxygeﬂ. G.ven such ag%ressi ve 20
environnents, the thermal insd@R&iinterppsingthe gpenslintermediate einfoseementne

polymers is surprising i i . j t ent , 272,236 and
5,278, 272 descri be Tay i el dv? thprift layel with f3'PRbRaP

intermediate reinforcement layer back surface exposed;
(b)  foaming a latex composition, a melt processed polyolefin
25 compbsition containing at least one polyolefin polymer, or a solvent
dispersed polyolefin composition containing at least one polyolefin polymer,
and
(c)  integrating the top layer at the print layer back surface or at
the optional intermediate reinforcement layer back surface to the composition of

30 step (b) during the foaming or after the foamed composition is cured.



substanti aw(ygahh[ya,ar et hyl ene polymers as having |ong chai ngpraReHd8s and
as prepared with only nom nal |evels of conventional stabilizers. -

However, | ong chai n branchlng |s generally known to render polyolefin

pol ymers nore 25 susceptl bl eﬁég degradation during nelt: .
processi ng. Furt her OngeMmgcizypene "0 %B’rﬁ??i‘r RVEPteR I%WSéﬂh?ﬂqvél ly |inear

et hyl ene r sure by

cAI one, REloUSElRel -t ﬁ%ﬁagv”%%%\é@%% dugt dpeBRPEETS ® ™ ore
responsi vey,bdantidl v abohatental impact ordmarﬁg@sséclétédavﬂh Pg"@i%&ﬁn%‘aﬁ& Qelll bal |
bearing 10 and an apparatus 20 equi pped wi th an el ectromaghet 21, a

gr aduat ed cyesring ptoducke Thatds) theinventive prdchici toes not compaa&fbéavv&ﬁetahat i s

used for resiliency testing WD 98/ 20197
PCT/ USB7/ ztaksgers, nitrosanyaes dﬁrﬁ’(%ﬁrom CYRE PEQRIA OF afcelerators, plasticizers  The

fl d I duct t h t t
esi 11 ont "SRRG TolaR e Gon Bt RGeS PO RS AR i gy in
Structure,g] Q er élcufe%&{ MERl R in9eAti v BRIdRY Bad BE chl?\‘f;'elzﬁ@rﬁl)l tRPLieUs hi on

f oam backi ng |l ayer and conprises a transparent polyneric pper wear

| ayer, a lﬁ@in}gf’ﬂi‘mwenﬁdﬁmﬂtenbﬁ%}e{eca‘fdy methods bagid onaldiyerptibyneri c or textile
I nt ermedi at e rei nforcenent fl Wereas a non-filled PVC flooring or
wal | covering produéinothesibeaeiiyofthe iaveniive Rf@ld;f}ﬁtl,‘itbqf pqug’lefm POIB(glelrl ter,

h i l.i ght we d
107 hags ninatSp Bt iiine Patinhs Bt prétuctBnp St Brosta d Githaris ot
general Iy pyc ecllﬁgipdéﬂttsﬁcﬁ Q§a Reb61 %ﬂ%&jﬂ'&é&k&l Eé/lex?(ﬁaxp\f[% YRE I A is

The transparent upper wear [ayer provides good scratch a rasion

resi st anceusprising pattidulail g irt tegatdsitiostha peeferted Iﬁdlyomﬁhhml)rmenmdesi gn to be
visible from and through the topside of the product. The transparent

" upper mearsub%ty@haliﬁslxmf;@thﬂen¢ pelyraers) %PSQ)W@@@YMYOJG @mxx@ersmucpol efin

bref arr ea PR LRDT sBF (EA conayrPiedsfé Beteai 164 Bskelt] stifee ™
pol yetjgyl %Qnél&g%ﬂe)ﬁﬁdo&YPV@Qed\ﬁy&énﬁ&Qd as Seeademploy e&'hﬁﬂ@éﬁﬁg et hyl ene

pol ymer | ayer erein the aqueous dispersed ethyl ene polyner | ayer is
t he upper Wsuedegyealt&IhatEHeclUn@mems popyster seetteringgmd sinféringpr ef erred 20
aqueous di spersed mé/l ene mar Is at | east one suhstantially |inear

et hyl ene pol y 158“58 B%‘él‘pmreqz SHCRps calendler 198S PIgSShf 2 Nos .

5,272,236 p%?&ce\tﬁﬁﬂ%%ﬁgg sive tﬂér al env r%ﬂﬁ{en?g'g lﬁtt bl 585 mILRLIPRY Y TEr

COI’TpI’i sed east one car contal ni ng conononer

such as, fsabstenaalmj' ex md&bhyrheqﬁmawguygena&derﬁ Efely aggressiveopol yner, an
et hyl ene ethyl acryl ate (EEAi copol ynmer, an ethyl ene rreth | 25
met hacdy| @pérnpemm}s,éb@meym@ insgRsiyity péﬁ@b%m@al%lemgar@t@lemylvm@ isymer

O ot one EPRILIERIIREY Rtk LA SRR I Bl it Of =
et hyl ene isgbstaR@hNyBhear ethylene polymers as having long chain branching and as
prepared with only nominal levels of conventional stabilizers. However, long
chain branching is generally known to render polyolefin polymers more
25  susceptible to thermal degradation during melt processing. Further, the thermal
insensitivity of substantially linear ethylene polymers is also surprising in view of
the disclosure by Walton et al. in U.S. Patent No. 5,562,958 that such polymers are
more responsive to irradiation.
FIG.1 is a diagram of a steel ball bearing 10 and an apparatus 20 equipped
30 with an electromagnet 21, a graduated vertical tube 22 and a counter balance

assembly 23 that is used for resiliency testing.
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conpr.i sed of ethylene and at | east one carbonyl-containing ! EJne
preferred %&P@gﬂé-'di spersion pol yol efin polynmer conpositi ongggﬁg%}% -
m xture of 30 a substantially linear ethylene polyner and an et hyl ene

acrylic acid copol yner. Generally, the ethylene interpolyner is.
neutralized wi th amoni um however,
- 6- WD 98/ 20197

PCT/ US97/ Pesaription of the Inyentigiy ef erabl y, the ethyl ene interpol yner is

neutralized with staple cations,,which rowi de_an .i.ononmer when th
sol vent (preferabl y?gﬁg%? 3’“??3}1&%9%85 pﬁ‘ﬂ%lh& of the PISP Rt ARYRF LS Fhs

i nclude p i 21 r 1 ; I

ot assi U B T e B R AB sruce The e
are 55 akgPstpuidthodiser fubktriteefor thd fesilieheswshiion fosembadking layer and

Wth regard to solvent dispersed polyolefin polymers for use in the

present i nomyprisena transparentpolymeyisritRer wear ddyersa pelymeristprintdayertaad i s
enployed to . tabjilize a dispersion.,.One .of the advant s of

i Sper oi oA aptionaly Folymés i iR iR SpiRtuErBeBiarg. Whereas

car bonyl - Lea{ ?g%g (. ; ifper are
gener al | yﬁggtfﬂlreeraq%e t@‘%pr@o%?lggéﬁrm ?lgtpglp é%gp{s}.gg)é Mpﬁ%ﬁﬁgwe‘ﬁg ﬂf;or

non- pol ar kpplijrpthe inserthachadust lighgesighaliley, is peifedabl; chisagefibed 401
exanpl e, ammoni ated et hyl ene acrylic acid copol yner di'spersion can be used

as a 10, hegvingabulkidensity of fromuabert G tplasitOP kg/lited abdtyshgengrally| i near
et hyl ene po] yner. Thus, . m di sions of an ethylene acrylic acid
copol yner eé#%ltﬁtg‘iu%#aﬁf‘%qel%}_’rféﬁgy Ph@ﬁ%’t"ﬁ?f‘gne pol ymer are preferably
prepared by separat ?hﬁ éﬁ{h@ é’xrehpggger_ weét! Iﬁg@xr ﬁ'ﬂo@flgers‘,g?_ogr}@ratté’lpalgc?%y%f and

thereafter adm xing t di spersions t ide a sta I ze
di sper sed rgstdtpnteedrdispalffidientlynirahspazent to allow the print designSoiteadibiblenfeddmods
for preparing sol vent di spersed pol yol efin polyner ositions and

A Yy (o10)
pr ef er abl prddhesigh dedppside oh therpiodingb| e apspapentuppsn wean ayeg is made

subst gpti al |. { near_ et hyl en [ e described, by RPate et al,. in US

Pt ontiino tronk ot | SRn toleR AR BT aRIER STt B8/ Rt TESE oRE 16 Db
08/ 463, 16Groédsk&lipdiydtefin polymet99he préfetroa gredt uPpeMWedibdédigfisand J. R
Bet hea, in copending application, appl i cati on nunber 08/630, 187, filed

April 10, bb8ies mélhptdressedrmdyathyleng or palypropyleng layer andRetqmesus N, E.

Lut enske d R R . Pelletier, and in ca di ng app).i cation plication 25

munber 08/ ApETEshethyfaneoighs B 5s wheldB T adarl ismeoest oty RACRAPORET | and

J.R I r i aqueous
l%%??g%ehwpermost 1ayeir 8% aep%?%%fﬁé%&ggmﬁpﬁygﬂ TR pRALLEY ad

di spersi on ene ining“ethyl ene and at | east
one cawbonryuecandizparsed ethylenepolynoeres at leastlondisagstahtiaity hase «ahylena
systens, are known. Such nethods are 30 described, for exangl by Vaughn

e
et al. in Robymer endeswibed pyd7s ebaloin YSdatenidNps. 5,242,236 andi 5,268,288 6r atand by
Rowl and etle:?slt oné réthlfl er|13ea1in grtpoi\)pnsiér c%ggsezd?gf e%ﬂ}glegé g’gg a? lségSt one carbonyl-

containing comonomer such as, for example, an ethylene acrylic acid (EAA)

e

copolymer, an ethylene ethyl acrylate (EEA) copolymer, an ethylene methyl
25 methacrylate (EMMA) copolymer, an efhylene butyl acrylate (EBA) copolymer or
an ethylene methacrylic acid (EMAA) copolymer, or mixture of at least one
substantially linear ethylene polymer and at least one ethylene interpolymer
comprised of ethylene and at least one carbonyl-containing comonomer. One
preferred aqueous dispersion polyolefin polymer composition is a 50/50 mixture of
30 asubstantially linear ethylene polymer and an ethylene acrylic acid copolymer.

Generally, the ethylene interpolymer is neutralized with ammonium, however,
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PC/ US97/ 202"§g 98,2&/}97 The polyneric print |ayer }E)(fgwgcfézgzstshe
print design for the product whi ch may consi st of three dinmensional
effects and i mages derived through the use of chem cal enbossing

t echnol ogymere pratenablyy tlee ¢tby [pnie interpglymerdy newtmplizedowithiselble catiors whieht h
surface design, Simlar to the transparent er wear |ayer, the print 5
| ayer cor‘rpmog’é & %P%\%ﬁtwla%%@rsggﬁngzwg?régﬁﬁ WAEER) hﬁa?enagi‘fﬁdors%hngl t

rocessed fi] ol owever. . t:h rint,.layer
c preferr AP b e DY Bl A o SRR B et iRl

conpri ses process Al so,
the pol ynepotasinintiydrexite sf@yziR€hydroxid@aredeves Hxeld Qeéa{tﬁ{fﬁ F‘érﬁg nt
addi ti versre%r Sui tab}i e nodifiers t}(; i nsure conpl i ar?ce W t s;#s amagl%
retardant alegeiitabie fursusennl tht presemtdgubation.y requi renents. 10

The internedi ate reinforcenent |ayer provides dinensional stability to

the product which caNitBdegarddesebiensdispersadapelyplefin priymenfor e irothal | y

T oo B ETER ate PRl erlerBn Brfer oy Bl HasiSeomeiiey -
| nt er mech ajtgbilize o dificHiBh C ORI theNBYarltigd GIRIMRSIASY {4 cece mterial

or a nonwoven polyneric 15 material. e resilient foam

backi ng | aip¢erpobmserstas etifylenesarid/a ndrbongpesrstathing compabier &f duifReAntser . a
melt processed polyolefin polynmer or a |atex conposition. For the
sol vent? di ¥pelypeeryysifisr arq gensealnnet reguired de providesiable dispershens. at ex
f oam backi r oam can be acconplished nmechani cal | uch as by air
20 eot OB R RaLRe POV S, AFIBY 25 BerrAly et AR Y F2had. by
the use ofexample/drffeiited Benylird fdyMé &éid%ogeiﬁﬁéﬂ &is ﬁ%‘aﬂ b%fus%d%g%m cal
bl owi ng .agent.” For the melt processed pol'yol efim polynmer foam backi ng
| ayer, foasdrfastins for & equdsiug dispersinoefapsiubstaatially linkar ethelent polgheri cal

e foam backing |ayer inparts resilient

bl owi ng agent. . ) ) T
cushi oni ng%% puxed dispepiensotan ethylsag acrdispcidsoralymer apd arsubstagtialind

th ' \ LSk d | i d
e el | Ok bl bt o SRRy Bl 22,7 1 .

i nvent i on, dishersioas of kiee tw & golyayers ahd thereaftef S@iGHg e FHQMIHRAIbAGA
curabl e aqueous | atex conposition onto the backsidée of atop

st r uct ur e. PrAVéds »atabdiggd idigpersedapoly elebio prlgmeninixtirg. by injecting air into
\é\ﬁhpggi i : ghe?( S co rrpo%utitiag{% mé]tcl'{[o%g férhgrgp%?irr?gnsglvse}n% %isl;[epseedm}%lj%Ie_ifg_ptorl];mer
compositions and preferably aqueous dispersion of polyolefin polymers such as
20  substantially linear ethylene polymers are described by Pate et al. in US Patent No.
5,539,021, and in copending application, application number 08/463,160, filed June
5,1996, in the names of B. W. Walther and J. R. Bethea, in copending application,
application number 08/630,187, filed April 10, 1996, in the names of J.E. Pate III, J.
Peters, N. E. Lutenske and R. R. Pelletier, and in copending application, application
25 number 08/702,824, filed August 23, 1996, in the names of B.W. Walther and JR.
Bethea.
Suitable methods for preparing aqueous dispersions of ethylene
interpolymers containing ethylene and at least one carbonyl-containing
comonomer, including mixed base cation systems, are known. Such methods are

30  described, for example, by Vaughn et al. in US Patent Nos. 3,872,039; 3,899,389; and
4,181,566, and by Rowland et al. in US Patent Nos. 5,206,279 and 5,387,635.
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WO 98/ 201 _

PCT/ US97/ %9@%’20197 conveniently renoved at tenperatures RETABGR2Ss | -
140[err] C and the | atex conposition is cured to yield a stable foam
structure. Suitabl e curable | atex conpositions are
aqueous di sper si onsThe polymeranprist loyer providdsstha grint Hasign fédnthedroduct

wat er - sol uhl.e catal ytjc ring agent. The latex 5 conprises a

t her nopl a?ﬁl‘%‘ H@M&P?ﬁ%&f’&"e RS ﬁ&?"tf apd images deyivet thoeugh the use

pol yners) ' [ I rs,.consist qf at |east .one vjnyl
aronatic Oy\mérﬁrr%%lo&rrgrgo%%g %?ﬁ.ﬁ\@ggf%a#geeaﬁlg%gmaﬁrw %‘fré’f‘ﬂﬁ,s“%‘?lﬂﬁrﬁﬁ‘él%or
subst it ut g@nfidil s&f8ee design. Similar to the trars ' wg? %qrrr{ may be
sel ected from styren%e, e[sé r]- .ar omee’t h?/l tﬁlléﬂg%pe?er'r Hpﬁrﬁ‘e@ﬁ Istyrene,
[err], p- eldyper sompeises a pelvent dispersed pylyslsfirepelymearank/pr b el pRocedsed

di net hyl styrene, [err], p-t-butyl styrene, vinylnaphthal ene, nethoxystyrene,

cyanost yr BREolefiepylysner Sneferabindihveressthy paing laytr chinprises y makeproaess ot her
hal ost yr enes n . xt ures .t her eof . . .The vinyl aromatic
mononer nay %@Rtbﬁg’giéﬂ arieﬁhyéﬁ?/e RYY @ésoaﬁl%ﬁplymgnc Eﬁéfr]@)é?’r'éﬂa}’ P§ in

amount s Ofodrh&hAQ eYAtath HAMBROMEdAmt IRl tor%it‘ﬁ@fe%&diﬁg?sst%qngr}elS the
total weight of the thernoplastic resin. In particular, sui tapre | atex
conposi t i oompliance withyfidrserdtammabaptire2ferito aAd otier§egwRfEP RbqlYerfENts eI ght |
nore preferably from about 30 to about 75 percent by dry weight, nost
pref er@bly from abotihe Jgerpediptaeinforcentemt fayier pnovidgs dimyensiorpihstabilitat | east

one Vi nyl 0 e noner. .based on e total | I ght, of the

t her mopl agc? f}}:er}@?xéo&uEm TBlan AR BN of Q-m%te{ﬁx l%nﬁﬁ%&m%]{y present, nay
be sel ect gtefhediabifcdtiositenent layer i$# R Sroclsyl rdryatives

t hereof and m xtures thereof. The l,gjf ocgét?ﬁ? Iﬁ}gﬁéeﬁﬁgﬁlgnnge?qr‘é preferred.
Sui t abl e hanevenwpoeivendestile angierisle Ryefeealsly) shefopaionalip tritefmédiatbout

80 percent .by dr ight, preferably from about 10 to about 55 percent by
dry 25 mé?*@lﬂrfe‘ﬁS?m@agﬁ%Pér%vgﬁ‘@PﬁﬁSéﬁl%ﬁﬁe mterial 5 guonsvisRRbYmey dry
wei ghtys preferably from about 25 to about 45 percent by dry

: erial. . . .
wei ght of at ]ieast one di ene nmononmer and is characterized by a percent

sol ids_of from abouThd Qesilteralbeuth b8Eking layerPOhSisRIFhebARKY dispefgegbout 20 to
about 70 and nost prefer abl¥ from about 30 to about 60, based on the

total wei BRlyclefin palymesy arspsiltaenoressed polyoleffp polymer or a latex coniprusition.
wat er - sol catal vtj.c curin ant b resent |n an anpunt of
from appr gglf %aetsgaﬁyeré.disﬁeése%cg&a%% RS V%fﬁfoﬁg? E@ ng%yﬁé?@&@e F?é@%d on the

;DQC:I_/ Us97/ fzoda 2rr51 5b a&.’@ng%}?&,l i%aming can be accomplished mechanically such as by air

20 injection or whipping or, alternatively, foaming can be accomplished by the use of

-l

microspheres filled with a volatile compound or a chemical blowing agent. For the
melt processed polyolefin polymer foam backing layer, foaming is preferably
accomplished by the use of a chemical blowing agent.

The foam backing layer imparts resilient cushioning properties to the

25  product and can also impart noise and thermal insulation characteristics to the

product as well as provide a barrier against microorganisms.

In one embodiment of the invention, the foam backing layer is
prepared by foam coating a curable aqueous latex composition onto the backside of
a top structure. The foam coating is achieved mechanically by injecting air into wet

- 30 latex composition. After the foaming step, the water of the composition is



wei ght of t ' Lopl asti c resin...‘ Sui tabl e catal ytic curing i 55 _
I ncl ude, bu\?&g%}é&g‘?“ not limted to, tridinethyl am nonet hl)'; ) @E%?Zzgﬁ -

di met hyl am nonet hyl phenol, di cyandi am de, pol yam nes such as, for
exanpl e, ethyl enedi am ne, di ethyl enetri am'one, triethylene tetram ne,
t et r aet hy| edtvepsntymemovedptitemprmterss of gbods B hend the latex composition is The
| at ex conponent, of .the rabl e | atex conposition may further I ncl ude
an emul si fF‘é"}egotP yé‘i}fi@a%?ctgﬁ??ar%ﬁ SBI& surfactants include conventi onal

noni oni ¢ and/ or ani&mni ti o’ggg L.Labl & i oni
surfactants I nc U@I?ﬁ‘é{agﬁ;??ééndg@l e&%iarrfe\?gtllg@‘gbsglg?g{agf%l%henoI S,
such as ocemuifsnslédbmpeisivgpierslandanivatdtisolulile emalicd @urfiy 4penesTHf lakhy | ene
oxi de per nole of the phenol, and | ong chai n "al cohol's,” such as dodecyl

al cohol 5 copemapnisers thesmoplastic homqpadpmer pomtefpodyingt fremboiusks of Sudht abl e
uch as lauryl sulfates,

anionic surfactants,in¢lude al kyl sul fates, ) ! _

and di ver sBONmsIshwherein Sheopolymeroz P@ixr@ﬁgs copsist;pf ¥ igast gne vinylgrematioxy| i c

aci ds, espec| I i T t I noni gni rfactants 15

S of o o USRS o Wlne N SLIRY AL APOEL BN U LR RD!

present in anounts orhém?maroma@@moa&h@trﬁéwbé’se‘ieét@d%&ﬁ&@%@ﬁe, y weight, -
o}

based on the dry wei ght t he copolyner. It has been’found that the
i ncl usi on ofethylstyrenes iof, p-enetbylstuena of, prethyistyrene, o,g-dimethglstirensgplo,pi f e of
t he curabl e coating conposition. Preferred | atex

20
conposil® i oAEmetistyeacqc.oariyyistiwers vinymephthalensymethoxystyresen enul si on
cont ai ni ng_an organo-sol ubl e or_or 0-m. sci bl e catal yst and a
wat er.- sol ua@oéggﬁfl?ﬁcﬁtyi%}' TG %@ﬁ?ﬁo LY ?&Fb@?ﬁfoé?ﬁr@&t a3d ethesr i ses an
i nt er pol ynRpiRfyrahes) 8AG miRRGey iHpyboar omati c mononer and at |east one
y

et hyl eni.cal | unsat urated carbonyl -contai ning nononer. In a preferred

form the interpol ynEhe 2myl ardrhatic cmmpmies esaabel pessentinaiyedffective amount
The et hyl eni &al | y unsaturated ﬁcﬁ‘;\r bonyl - cont ai ni ng nmononer may be a
monocar box#N Eeagsaly inREUWEK g1 fremsrant §rtogbpyt & pesegns by weight, kased cas, for

exanpl agryl | | ' 1. d, ric.acid lc acid,.,.
"t aconi® adietol Pkl of BERERO R dtictin, LR IRC b atlE e e fpositions
The et hyl eabmphisy frons absiitrind JbRLPEN YErceANbR HRY Mebi RN AITRE BF@ér My from
present in amounts of from about 0.5 to about 25 pércent by we t, based
on't he about 30 to about 75 percent by dry weight, most preferablylfrom about 35 to abd¥d
98/ 20197

PCT/ US97/ 262 Brcent by dry weight ofat [aast oe ving!l prpanaticmespmerybased onphe teiahp) v
the ethyl egjerahd of tHO BRI HAIRRic resin, Carbonyl - contai ni ng nononer is present

I n anpbunts of~ from about to about 5 percent by wei ght and, nore
preferably, from aboihe didne mimerhes, wissrcpresertty magi lgtelected frombingadiens, t he
total weight of the thernoplastic resin. 5 The | atex may

conpri se aifoREMRY ABrRYIbenrsnes derinptives thereof pnd aaixtures thereof. The 1,3-
butadiene monomer is preferred.

Suitable latex compositions comprise generally from about 0 to about

80 percent by dry weight, preferably from about 10 to about 55 percent by dry

25  weight, more preferably from about 20 to about 50 percent by dry weight, most
preferably from about 25 to about 45 percent by dry weight of at least one diene
monomer and is characterized by a percent solids of from about 10 to about 80;
more preferably from about 20 to about 70 and most preferably from about 30 to
about 60, based on the total weight of the thermoplastic resin.

30 The water-soluble catalytic curing agent may be present in an amount

of from approximately 0.1 to approximately 15 percent by weight, based on the
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nononeri c ¢onmponent or conponents such as, for exanple, but ed to,
et hyl rretﬁ‘é(g? 0537 . ethyl acrylate, butyl acryl ate, hexyl 5@&&/‘15%’5}}2&

2- et hyl hexyl acryl ate, lauryl nethacrylate, phenyl acrylate,
acrylonitrile, nmethacrylonitrile, et hyl chl oroacryl ate, diethyl .

nal eate, paigtglofcid therneplastic vesiy| Seithide catalytid cuying dgenby inoiudie, but ar¢l | dene
chloride, vinylidene brom de, vinyl nethyl ketone, nethyl i sopr openyl

y
ket one andoviimjteddenyidimethy] apxinpingthyl ehenple diroethyt aminemethy! phenalof
may al so conprise a

styrene/ baf‘ﬁ'éflé}?é’}‘aﬁ'rml?'msﬁuﬁléB%If%ﬁ’FamSle' a%‘fyi(eéi‘ng}/amne
styrene/ butag) RSN YHRIEAC HLARE! LRGNy ford Y ARRIAILopHdEnk A1 €X

15 may a a m xt copolyners m*xt u

styrens/ buﬁaaﬂirene/ acrylic aC| d and

styrene/ but adi ene/ hydr oxyet hyl acryl ate/itaconic acid polynmers in

appr oxi mat el y equal Thertaiex eorhpongsitgh thereyrable 1@@<¢0mp051t10n may further  The

B o e R

sat ur at ed

het er ocyc Pghldmégﬁ&cy&l oun ggé:éaér:]ct’g% ang t?‘%llt?%ghg(rﬁmlﬁ%&%tged The
epoxy resifngua@yhelth lene oﬁﬁie&i‘érﬁfitlfvéﬁﬂf Mh?lp@@hﬁﬁl Medhdslocgfiftrr s of bi sphenol
conpounds, the pol yC|dyI ethers of a novolac resi'n, and the

pol ygllyci dtphykgh@ep sttalaurpg)frym 101 60 mibles of ethydéne oxide pemele ofthe epoxy

resins also b ferred epoxy resins are

t he pol yglp}i‘fpaly pn&l é‘aérf‘ ajspbplsestish as dOdeEﬂr?gffs}WgéO%ﬁH“ﬂ& éq‘%r med as

the react 1?9 @ﬂ%m@%ﬁ@' Slhf%ﬁé’%h%nmrfactant?iréﬂ{&’e”a% Faufatddi Sphenol
at ves t n’pY ed

F or deri The 1eve epoxy resin W Il vary

over a Wwi dech am@mcﬂaaﬁﬁathsngadlﬂmmermlmmr $uchsasahe teﬁtersfofrmlfonated pr oduct

required as well as the types of epoxy resin and carboxylic acid used. The

30 epoxy dl‘éaéfbﬁx‘ém?&éiﬁeﬁfepeéf lyrucepicasie The eshoxplatrssnenispichayfarianther

|ncluqs W?I5|f|er or surfactant such as, for exanple, an anionic
oni®Ee BIFFFIE ant WO 98/ 20197

PCT/ US97/ 20255 The 3IQHENoN AR radl B@g&@@ﬁ@ﬁﬁo@ﬁ@foﬂm@ and an
et hoxyl at ed noni oni ¢ surfactant is nmore preferred such as, for

exanpl e, Gppeoxisjately 0.5 Spércent by weighiti ldedpn the drmughtebfﬂmm ock.

The enul si f rf y, be present .,ampunts of 5 from

about 5 taoésﬁg?erlgqﬁé?’ emfougyt Rtk)éfb*}ﬂ‘ Pt dREls &argmsuffﬁcteﬂ&mépsoxy

resin. fm\‘pP gl RVATTA gpt&rgﬁlr%lg)ég&gneg P Ig)moﬁurfact ant is present in
cen

anmounts o out | east y wei ght

The emmxy resin errull’sefefred@mﬂmmpoehohbedr@trs& a@a ldte@lhtex,anap@brrrl ses
an organo-sol ubl e or organo-m sci ble catal yst. Suitable organo-sol uble 10
or or ganolRfiBemiisiopgoniajring anrrgane-sekbl q)%@rmanmmmxbkﬂ qagalystand as, for

crample. B G AVER Y RRSR O Aesl el blaigeny

exanpl e, ahie¥pOgRwetlof At b BAe vinyl aromatic monomer and at least one ethylenically

unsaturated carbonyl-containing monomer. In a preferred form, the interpolymer

25  further comprises a diene monomer.
The ethylenically unsaturated carbonyl-containing monomer may be
a monocarboxylic acid, dicarboxylic acid or polycarboxylic acid, such as, for
example, acrylic acid, methacrylic acid, fumaric acid, maleic acid, itaconic acid,
derivatives thereof and mixtures thereof.
30 The ethylenically unsaturated carbonyl-containing monomer may be

present in amounts of from about 0.5 to about 25 percent by weight, based on the
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anmoni um chi,gr idgas benzyl trinmethyl ammoni um chloride, methyltr _
anmoni um chl orgisde, tetraet hyl ammoni um brom de, N dodecyl pyﬁigﬁ%ﬁjﬁhqzs&_
chloride and tetraethyl anmoniumiodide. The preferred organo-soluble or

organo- m sci bl e catal ysts are ethyl tri_g'henyl phosphoni um acet at.e,
et hyl t ri pHetyweght of she dharemnlastisiresiphBieferanly . the etjiyleniaadlyyinsatmmatadum
chl ori de. riphenyl hosphoni.um_phosph if not readily

avai | abi o, A HoRHie mopamel PR IBSRRIE Fom thotd i FBPRiheny
phosphoni Wara&aiAt Reipht BnBASRNSFef&raBl), front Bbout ! i

or gano-soILt{JEbl e or o?ﬂggno?m sci bl e cgt?l ys?t mat(;)/u 3et0parbé)§1(§r?tpe|rcr$ g(rf?y Welgh%irmunt
of from almased @nkhe totabwaight Of thepheetbplastic eésti.abl y from about 0.3 to about
2.0 percent, by wei gl'ge based on the wei gh'g_of t he epoxy resin.

Sui t able curabl e | atlde latsxpoay coropeisean additiqrat ethylerdcallycansatptet ed

styrene butadi ene | atex systens for yse as the foam backing |ayer of the
pr gsent zgrmphglgﬁg ic8Wp)z§’P8XH%rs%°FFB%‘b‘?nL{? B‘F&bisamﬂ gample, tiﬁ‘l"?ﬁﬁﬁ%’eﬁi %98 Pat ent

No. 4, 857, i 5 i.cal, Conpany.
Car boky ! ot og VAT tbacrylalt SIS e, AR Bely 88 oG e R e "o
syst ens haceylaee tautiybarveiceplate) phBayl acrylatd) aeybsrttad, ﬂh@&&k@l@fﬁtﬁ@eg Veness
to i npervious polyolefin polynmer |ayers. The | evel of this

adhesi venebylshlasaacrylae, aliethiy hanal eate, gfol pglsiceliroalahteadings thieridef einiyhl s to 30

| nt egfl%:t € Sare e):/@ﬁb ?%2 oride, \}igyl? ene Q'L)gii;[i(e),pvhlglygzztshyl ketone, methyl

12
PCT/ US97/ 2045 1 ket ; j l e |atex conposition
is based on a gg?%oxil 21% %‘&d vinyl e&@%ﬁ%%ﬁf@ﬁi@%%n eo(r%ﬁ%llx W?%ﬁqp?éd W th
expandabl enay aisodphiaciagledont ai ning a chem cal bl ow ng agent or a

vol atil e conpound such as, for exanple, isobutane. However, when

foam ng is acconpl i sihedatey maeceraprise asgpyane/sitadiene/ asphieacd copslymer :
addi ti onal dures. and techni qu may ,he,requi.red . to avoid iLrregular or
obj ect i onaQorPareé)cg' geé{réfgﬂﬁdj%ré@g?ﬁf e?ﬁ%lgﬁ%ﬁée‘ lta %acéﬁﬁPP&éfﬁ'éﬂr' J&‘% Rlur es
and 15 tAGPAIYURSUEBY hi®hdt cobBlyrREAMA £y Ldr@dhl Qi jijo- mol d
f oam ng ?t echni alue. COE Y éﬁ”ﬂp@gﬁtﬁl@ﬁfﬁt}r&é#z‘%h%@iﬁﬁ/ gE’rylle
subst rat e ackyend styireme fHartadiehe/ hypdroxgetblylasylate/ itabsic aeidogol pereed & and

alum numtrihydrate may be added to t{he |atex conposition. However,
for pol yolaeﬁﬂrﬁx tﬁh‘e‘?‘{“?gﬁ’é‘t"ﬁlﬁ Y Wipee maxbepprted to textile

substrate | ayers), f | Yo . i.c_or_pol ri.c filler
such as, for e%}%p eo?(pﬁi&aﬂ%ég{ Si gf%&%@?% ne ??\'ﬂé‘%/&?‘&lb 40 mesh,
that is | qussédsasimbed than onm,zrepasytgeoﬁ%\thg'ehaw, tRE @6 Addir &5&&%&&@9(’6(’
to the latex conposition for inproved 15 resiliency and strength. Oher
pol ymedlds iansasevaded of speaturated aliphativeryticleadipbetic, aromatic babeterasydicl | ers for

pol yet hyl SREABIE S Fah BEp B e B peed, R e Bhey T b ow

neas o oIS SO e ARl MR L1

as, for  ethers ofanovolacresin, and the polyglycidyl ethers of a polyglycol. Mixtures of :
two or more epoxy resins may also be used. _

25 The preferred epoxy resins are the polyglycidyl ethers of bisphenol
compounds and may be formed as the reaction products of epichlorohydrin and
bisphenol A or bisphenol F or derivatives thereof. The level of epoxy resin
employed will vary over a wide range depending upon the properties of the final
product required as well as the types of epoxy resin and carboxylic acid used. The

30  epoxy resin component of the curable latex composition may further include an

emulsifier or surfactant such as, for example, an anionic or nonionic surfactant,
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20 exanpl %Vogg}%)ﬁ%,c anhydride grafted high density polyet hyll,%qﬁ,sg.y%zggc _

anhydri de fted linear |ow density pol yet hyl ene and other exanples
descri bed, for exanple, in US Patent Nos. 4, 966,810; 4,927, 888;
4,762, 860; 5,089, 556; 4,739,017; 4,950, 541, 5, 346, 963, et hyl ene.

i nt er pol yndtlwughusmiasic sttigdtents aze pyeferredeiid anrthoxsdhtederanionic surfettagt ene
nmet hacrylic acid interpolyners, ethy]ene nethyl t hacryl ate_ 25

i nt er pol yn‘éF%?reé’cfﬁ{j:‘-F’@ﬁé”\? A fone@amp /EﬁP%%rsg‘k?'@ﬁrgfﬁéC?\ 18 ERpPPReR DBt hy|

acryl ate . copol yners, and the |ike), polypropylene, polycarbonate,
pol yani de,DW%c{)%%ﬁ’éqci‘ styrene interpolyners (such as ethyl ene
styrene pol yners), qfﬂéyénemeifﬁhg RPSr surfactH HEPbE pkefifirtaimbhi¥loene
propyl ene di ene nononer pol ynmers)’, and epoxy rBS|ns.

A foampr fromtdbo@y tbaboetr) pirechtlhy weightitased onnbe weidtads theoysky resin. i n
the art. Known techni ques and nethods include, for exanple, releasing a
non- Preferaplyo hieemulzifying agent or surfactant is present in amounts of from about
PCT/ US97/ 20255 agul.ati ng gas such as nitrogen, or by causing the
deconposi t #'dReHE pfrbeé’gqu”mgﬁﬁ'i berating material which chemically reacts
wi th an ingredient i ¥ 4iH e A5 i ﬁ%%j ~of a
non- coagul abl e gas azhéaé}%gg]gté%lgr? pro Gg?mﬁr%gﬁfgﬁt%{%qa&k%c m:s)gfsblnti on and
sol vent di epfpfiedt nodrgahekolubiobydrgancaniscibld davalysnBunalsle organd-qaasd by
whi ppi ng techniques, air injections techniques, and/or by use of devices
equi pp&dl whr ¢rgesarmiseibtiscatapstrindude the phosphonyuaisalts, such 59, fentxampdy, and

referred SadlFPpER! PhosEhon SR A S ard SPUEBREN Fervasium Bhes Roact | ve
group of thes b %ﬁt@xﬂa}‘fﬁﬁuﬁénihﬁﬁsalts, s&ﬁ'ars,eﬁ)‘ite&)!&gf@taﬁ{)jlﬁérv&vgl Grhethvi
redi en firers,

additives and in s such as soaps, enul si tting agents,

and sur f achmmaniumeshlatide beezyisenhethon emrhboiugh chioeidemmettydtrioctylr eact i ve to
a limted extent,. ) The frqothed m xture may be poured into
mol ds, spr eREGHuR ¢hleride, tefjaethylgmmaniumdrogade.d¥-dadesy qsidipgies. For the
pur pose, of t.hi.s .S Lfi i 0 t. ' rate’ is i N ANy
mat er i z? sﬁé:lﬁngg aﬁgﬁﬁ%?%ﬁ %fna po 03%‘%?,18%8& ’fl;},le ? g%?:.}rga o?garhoosn qs@%nogqﬂrgg?cﬂer ,

wood, gl asmiglibleRheilys¥ ar@bthyfleripheaiy] PR6kbHehi@m dc@Rats tdthEltiipRerlyd whi ch a
frothed m xture or floam conposition will adhere when applied and cured.
The foam nahosphaadwin phospbateradpoetpyiteiocty! potmeoriuny chipeidei Ethyltriphenylst r at e

.prior to dryi 1d ing. A typical, froth f d f t ti
Foam wi |1 REGEPRENERCA TP Rare; kO ERg o Sl SR TP IR e 0 500
grams per reacteib?to?étﬂ)ﬂi‘trié}réén hes ﬁbﬁilﬁﬂQCé’cEFef\@ftﬁB%%brs ROGOX4gRt el y 400 grans

per liter. Th oam y’ be applied to the su te utilizing a doctor
bl ade. 20 The ofgane-sbhitiedr otgamofmisvibi@yathlystimagbegprdsatiednat a
t enper at ure of approximately 110 to 150&err C.. The drying and curing
may be undamoaréaf framsabout dddo abouhif.0 pereent. sreisnally drom rheut Bf &e Abgut

mer Ut g e B, 0 A BR LA e g B 201 2 O 200ve
invention, the resil$gfbl€tsRbllafek@Bmpositions and, in particular, carboxylated
styrene butadiene latex systems for use as the foam backing layer of the present
25 invention are described, for example, by Helbling in US Patent No. 4,857,566 and
are also available from The Dow Chemical Company. Carboxylated latex systems
are preferred because, surprisingly, such systems have been discovered to show
unexpected levels of adhesiveness to impervious polyolefin polymer layers. The

level of this adhesiveness allows the elimination of additional adhesive materials to

30 integrate cured foamed backings to suitable top layers.
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backing i Sc‘ﬁ@é}?g@q by melt processing and chemically bl ow ng&guggﬁjlqgeefr n_

pol ymer su or exanple, at least one substantially lin ne
pol ymer as described by Lai et al. in US Patent Nos. 5,272,236 and
5,278,272. 5 Sui tabl e nelt processing-foam ng technr gques for
t he pol yol efin poingrseitablectugalde taskx cornpbsitign isthadeel droa qarboriytety,

kneadering, cal endar.i - 14 -
WD 98/ 2018§ Féne butadiens interpolymer filled with expandable rrucrospheres contammg a

PCT/ US97/ 2 fil
wherein pr ?%Eﬁf"al P H?Wlﬂg?géﬁy& Qoogggeteésogqu% 4 E‘glhp \ATeé‘ial rpfrd? ?CI?‘% rson
conpounded HigvkévedpAtEn Godintry @Q@éﬂmﬁhshed by tHeRIsahk eREAFle nﬂér%%ﬁl{rﬁg .

about 1 to about 3.5 wei ght "percent” of a suitable em ca

agent sﬁrchadd;ndrrar peoceidpkes, artrl technitjubs miayde fequirad edlavaidiorgtiger 5 with
or without a sui tgﬁ F Ki cker such as a netal oxide ( ., zi'nc oxide) and
wit hout a P ierHQRame foara suriacrs{e s mpemngﬁaﬁprfead@@@mﬁpmge@mundr ni nat e,

as is II e forau us  .at ex

The fol | owi %Céﬂd@?e crr%{#e %ﬁr%e’pr ot e é‘ﬁﬁ%?%ﬁf’ga’? Ihgwldfegming  shoul d
be used V\hﬁ{thﬂﬁlﬂ@g various equi pnent as either a nelt feeder pre- 10 -
processi ng devite or as stand-al one nelt processing equi pnent. Wen using

kneaders and i nt er naParticudardy forcextils stibstiate layreys)endigaichliag s&akender
pol yol efin pr ocessing tenperatures should be maintained at from about
150[ er i t Galcium carhonate gut élr‘lﬂf}leuﬂ\mgr}’qy‘éieﬁgaﬁbﬁpddndlrtfmgi'leelntaxuder whet her a

Lermer af ur S ERBTER Bovister r RGBT bt 10/ Beraprceditur
190[ err] C. tdMha stbsstiide Ié%r@%ﬂefé?abi S at RIS urFch or oWrEEﬁé ﬁ!&glgTuch ﬁs

t enper atures shoul d be mai ntai ned f from abo 160 t'o "about
Resi dence fwnmr!spiemughhtenam pblsyemsdem pewiten (exgnt@n@shftatisiesitHentso ti ne
is ext ended s in _excess of 45 m nutes, additional

additive mlcr‘glséﬁg?‘ih]ifétt‘? BFPC ﬁgy}e@alr!f—’edo tﬂée ’r?ﬁ"rﬂ%’lpp%mly fﬁ,frmpepf/@d mance

attri bqges nderi ng,
friction rat lgesncg im 1A Stre gh- Othé:%@ ot ?‘6\%‘82%5% Oaghﬂf’fhf

exanpl e, fsuitdbloas flaérsx@r&m@m@mm dsuioﬁs)mclude BROAHe njet ﬁmlwcﬁfoemwmf rom
about 1:1 to about 1:2. The cal ender t enper ature shoul d be mai nt ai ned

at from ab&@psitspolysthydens (MPEEprlireer lovd density pelyetiylleved@LDRE)) ultedohd

b tt de thg |0 t Al

di st ance. 2BeREROEr Y fiy 184 peERBRO ML Srar e o bmaars suhgesbalbper
rolls. lmear ethylene polym@fidhaé Wenals sgtq%@bf cfhck{thﬂeﬁg ﬁﬁlﬂgerrs Sk | 5? %, foams

based on nelt processi ng of substantia ear-e ene pol'yners are

descri 3éd byarRplek metleialanhydride graftd&@htch!msltb\l@oly&tﬁ)ﬂgng Gﬂaleid@wr\yﬂhde
preferred nmel t oce sed, po| yol efi foanms are mcrocellular.
That is, %’glrﬁ‘ %‘rfaf}ea’é’cf@rﬁo )élenﬁami ﬁ&\%@xanmlwsgnbed for example,

in US Patent Nos. 4,966,810; 4,927,888; 4,762,860; 5,089,556; 4,739,017; 4,950,541;
5,346,963, ethylene interpolymers (such as ethylene acrylic acid interpolymers,
ethylene methacrylic acid interpolymers, ethylene methyl methacrylate

25 . interpolymers, ethylene vinyl acetate interpolymers, ethylene ethyl acrylate
copolymers, and the like), polypropylene, polycarbonate, polyamide, polystyrene,
styrene interpolymers (such as ethylene styrene polymers), ethylene propylene
polyrmers (such as ethylene propylene diene monomer polymers), and epoxy
resins.

A foam or froth may be generated by techniques and methods known

in the art. Known techniques and methods include, for example, releasing a non-

-13-



30 from ﬁgf(g&m%l;_,o about 100 m crons, preferably |ess thanr,?:l}%g.ﬁzogss'

m crons, preferably | ess than about 50 microns; a foam density of
from about 25 to about 50 - 15-
WO 98/ 20197 . )

PCT/ US97/ 2@agtlating gas suttbas ittcgetadxohyt caiGing thealzootnpd8ibiokgyfra gasr | ) |
preferably | ess than about 40 Ibs./ftS%g%bout i 641 kg/nferr]); and an
open cel | liksanting material gyhigh ghemicslly seagiowithepongrgdienttin the mixtuse arér apl v

I | b 50 f bl I
R T e .
e pshadaR e capsat poae popine il o Ut

| ayer pr Od@ﬁinedsbvahipp&ﬁ§ gechniqueb cirirgeqions tedh@ytftes, and/ or by use of devices I n
preparing mcrocellular foanms, nelt processing by cast extrusion

gener al | y grupperbyithdnam hessm namingiaids gl sodigintlayryl sulfete) and foagn zes
relative tg 10 blown filmextyrusion. Furthe | .0 i I.m extrysion

Gonor al Ty SeliPade R el olests) Sis b gdel it e Retefirdh aliHiveS cer
size and r Ll I [ | ' and

t he | east cec* ftHléﬂlhzzéx%gaé‘?ﬁgﬁir?%s{t%yepc{xghﬁStﬁ%ﬁe,atc?ﬁ%g%oru&2@%5& rér;éptg 13114’lersérf)t?%cess
for preparidifeadiies areddials. aDtheeladditddsrangidhy redlierit aich asssoapk drhuliflels,or

cal ender equiprent. 15 Al so, the polyolefin polymer foam may
be crossl i wettng ggsines, Bad surfactapise meyealsaibausast evient thomghvthey oy bret hods such
as those descr.i bed Lﬁlﬁug Pgetngnt No. 5,288,762 and by C. P. Park in

" Pol yol ef i /FRERYMO2 YERERSEES Pol yner Foans and Technol ogy, Chapt er

9, Hanser Publ i sher s TeibRR @2 bhay WOHIrdPink IR0 BOLBHAM on 2 flal@apI N by

1
reference. Suitable crosslinking nethods’include adding a crosslinkinhg 20
agent ( e. gor balt, ounyitefd emnex subsirates. thoe the purpast iof this byeaficapionp thet terraxt r usi on
or by Jdrradiati n? t he pol yol efin polyner prior to or after foam ng or
by usi ng afubsttatgdedelined as any matesialisugh 3t peliakefinnpelymaredoth, fahis- | and di e
such as described in Pat en , 61 he di.scl osur.e_of which
s al 5o | negrBTEy L BtRhbare pr il o 4hY TorR bpnonife B R SRR o

oxi dative Gih@gsd irokiedmixdlre or foam composition Will aBREREIhETRESI SRRk cililed.
resilient cushion foam backing is provi ded by mechanically foam ng a

sol v](cant di spelr sed pole&Jﬁoeﬁ}[ lm\allﬁ&ewlmliedﬁ@ﬁFhROIYOIEfierb@ymt gotestile gol yme[) |
is, for exanple, a.substantia inear, e ene. po r a __descri be
by’ Lai et SHUBtTAlE PRSPAR wifingeed Yaribgo AsyGioah frodt Hmeiaomaie capiRiti hods
for prepar ;g Wi ha0t ¥ eRhsifl ﬁP@\%SfSH%e Bf S5R1 A r¥xidt 04b %66 rg?ﬁ‘qs er

pol yol efin 30 polynmer syst’ens are descri bed ‘herel nabove 1n reference to

the transphteenh its pye state and peeterdbhy epproximately 400 grams per liter. The foam
16 may be applied to the substrate utilizing a doctor blade.

Once formed, the foam may be dried and cured at a temperature of
approximately 110 to 150°C. The drying and curing may be undertaken in a forced
air circulation oven. The internal temperature of the oven should be maintained
preferably at or above appréximately 120°C.

In another embodiment of the invention, the resilient cushion foam
backing is provided by melt processing and chemically blowing a polyolefin
polymer such as, for example, at least one substantially linear ethylene polymer as
described by Lai et al. in US Patent Nos. 5,272,236 and 5,278,272.

5 Suitable melt processing-foaming techniques for the polyolefin

polymer include roll milling, Haake torque mixing, kneadering, calendaring,
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W0 98/ 20197

PCT/ US97/ 20‘%?8’2{“‘9’7 ~ After the pol yol efi n pol yﬁglrmg?"qoﬁséx -
conposition is suitably foaned, the foam sheet is then heat or
adhesive lam nated to the top structure or to an optional internediate

| ayer. Howexteusioncassingaand/kotblowndilpofapricefion wivirgmepriaato the melt
conpounded with chem ca ?l OW ng agent and ot hgr Ssuitable additives and
melt 5 pr BEXESBRE,( ﬁdl’oiifﬁ ?thHPII?’V%?ﬂBg%IInPHKEGY ayith aberetrat th &owdl ow t he
deconposi t | 0F h } gal .bl ow ng .agent . g., at
decompost i pesed BEFALHY Seble 1 5 ABORE S o Bh MR AHS i *L
120[err] Q) cﬁé}ﬂicfaﬁplbwaﬁ% gger;nt%hgh as JerBshpR) 86t not Hinﬂted-l:@,' a%g?marﬁg gtye

can then be | am nat ed or exanple, ah optional 1 nternediate
wher ei n5 t hevittoopwithosheetititde kicheesudnds a/mieted i (e, £ 34106 ukiele) and 0
tenperatures at or above the deconposition tenperature the chem cal blow ng
agent . without a foam stabilizgs, sush ast farexarwle sadiumisnlphsisuecinimatepasrient  wear
| ayer and . ol yneri rint |layer .wthout an optional internediate

rei nfor cen@'yﬁlc?lgg/léeﬁuffﬁgggpaqueouﬁﬁ%/tﬁ‘ﬁﬁ%@s'i n the range of from about 50 to
about 800 microns, prﬂfeefbﬂ%yrgaesfc%@&ﬁ?epﬁéeﬁﬁné&xﬁﬁéraﬁﬁ%a&g@g@”0“5 and
conprises at | east one polyoletfin polyner® either as or i e

t r anspar enshoudere wedrwhayesingvatibeas paiipmdrtyeieither »eidl fedder hl i onal
internediate reinforcement |ayer of the top structure has a thickness in
the radfe grocessingeyiee gbes stabdtadonsmelt pOgessing equippreat eWaisnyusifg f r om
about 100 t{o_about 300 .m crons. e,optional .interprdiate | ayer when
at least o ge%%rf aﬁ&&%&%&“éﬁw Sﬂﬁﬁﬁﬁﬂ:gﬁaikﬁ%ﬁuﬁ@fxefssa’@g?bﬁﬁée% so filled
Wi th or ganbeiyilefRPpdiresdity fdrhphfurdfthould beBYirfhifed GPRLA amunt
of a chem gal}wl})l ow ng aélg%t aéld otrher %%di tei vels ' %s%%ﬁ{gbs&atsigyoé:oessi ng
aid (e.g. eboutlBfCtWheatusjnguuinpodadingdeacidey athethdres gvin sarew extriidérasol €) .
The foam cushi ?n backi ng | ayer and the internediate reinforcenent 25 |ayer

as wel | asaSHB!e FIRY BRIt R Eplelin roresying tepineraturesshoulsh Be medntained
' ' ' | d.wth h b
| nt er el atd?frﬁg% all%dr’]u@l%o{oca%?ﬁ%&%y%%éﬁs%rgnﬁfg%géﬁ %W%QJC%}E(?I% 80t er by

sui tabl'e | am na techni ques. ] . r and the
i nt er medi apeode%iﬁ%%rﬁpéﬁl&ﬁrels a&ild be maf@#inea alt Pl ABE@J 60P tHaBbutobfout the
use of an internedi ate material such as, for exanpl e, a non-woven

gl ass f| eeBesidgnes fimies should beguaiintainedat dinmpirsionand sthebe testdend timenist he
structure. The ,transparent u r wear layer, print |l ayer and_ internedi ate
rei nf or cer’rﬁ%‘lttenflﬁflé?agﬁ%?geexiaﬁﬁgﬁrlﬁteéﬁesﬁyf% %@é{uné‘ﬁ‘?f/ Bﬁg%ﬁoé‘égﬂg@nl"ém nati on

-17- tabili? ARoR 4P B equired to maintai
PCT/ US97/ 2(53515151Z © %?ecﬁer%uarfesoggal\?eilf‘ pé)éy ’B?r ?\rf% aeréclevagr fbélr%esriat I on

techni gue such as by Fapphelt ptpeassing by 2-4 roll calendering, friction ratios similar to

r,

PVC should be employed such as, for example, friction ratios from about 1:1 to
about 1:3, preferably from about 1:1 to about 1:2. The calender temperature should
be maintained at from about 150° to about 170°C and the last calender roll should
be set to provide the lowest processing temperature. Also, a minimum distance

25  should be set between the last calender roll and stripper rolls.

Additional details for preparing resilient foams based on meit

processing of substantially linear ethylene polymers are described by Park et al. in
US Patent No. 5,288,762. However, preferred melt processed polyolefin polymer
foams are microcellular. That is, the foam is characterized as having cell sizes of

30 fromabout 5 to about 100 microns, preferably less than about 70 microns, more

preferably less than about 50 microns; a foam density of from about 25 to about 50

-15-



liqui.d coating of an aqueous dispersion of an ethylene acrylj e I N
copol'yn’er,“g /20197pol yet hyl ene i m de adhesive or an uret hanghg/g%%g:a\z/sg and
evaporating the sol vent (e.g., water). Another suitable |am nation
technique is the use of double sided 5 adhesive tape such as, for exanple,
Scot ch Br s/ fPdpeoutld0aeabbabdd Kg/ond) 3pteferablgdegothatiabout 40 1bs./ ft3 (about

The transparent upper wear |ayer itself can be prepared using several

di f f er ent 6%} ba(er); and aannencsticontens eheMpbapal Isde pbaat WP pesgrntcat ing an

i £l m of Lol ef i g, pol . by fabricatir
b1 axi ol |y PEFEEEAHE aapelp B Eretshiiara Pt i BRSE st altier bty e BPnnpi o
orient ed %?%%gﬁr QRN B8 7@?9:&%‘. Pialdritd xtn@t?c Hrocess&f ﬁ’ﬁ%éélﬁﬁ&leﬂ)grﬁ?eet or film

to the op I nternedi ate reinforcenen ayer or t nt |ayer.

An al t er nabinyeisivgt fiddastroeleydbstahiially inenathylgna psinatan tiesped e the at

pol yol efin polynmer directly onto the optional internediate reinforcenment

| ayer or least ope foam baylgngiawrmbg@duefﬁwyba@kmm prydubeasweliena. 15

The pol yneric rintt | ayer can be manufactured from any nelt processi ng
t echni que OB PEM kﬂ%f erably the print layer is prepared using a

cal endaring process i I ne L
" reinforcenent Ihgggeréaqﬁ%s%‘?{ %&%&E%’q@gﬁ%é&g%ﬁgﬁ {Eteag{%g%s?réprgr ted to
the print geayeilyafroefddstiower foam déﬁﬁiéhaérﬁﬁslighttyhﬁrgéelﬂfc@lﬂ BRes Bdl&rive to

reinforcenment |ayer but before it is |amnated to the 20 upper transparent
wear 118y eblown éilmy extitusion. heunthernbloarrefilm gppusionggnetallygequisesie higher

| am nated to the . polyneric. print lLayer,. the neric pript |ayer conprises
2 " e et aRSibG meinebRyG s A Biking seBrelly sspvies Bha hoa
appl i ed i : l j i: fd.elen b osition

t enper at ursgnaél%k‘{%e@%ﬁé&%ﬂ(%ﬁ‘%g E%II %gme ﬁ%&fﬁa}ggﬁﬁ é%%:/%&f Eiaétep%ﬁhgfn&gg\gﬁgnbossi ng
of the priprbedsayer pepating. mizbocelilae poitdlefin polynher fpamsts dasl gilloan be

reversed printed on the wear |ayer which is then heat |am nated onto a
snoot h, ur‘i?i?é\ﬂéfe‘ﬁ)lﬁllmeﬂtayer; that is, the print layer in this case
essentj.al ly provides,.a karound for th rin sian.rather.than actually
cont ai fr?i ng the desi Qﬂs?’qgglpg fyollj&m pgly met ok mgy ge?ﬁ%&%bql@}égg‘fvlhﬁt 501 ymer for
use as t henfceadBiiRaakdribt] By Qiri6@ mBEcIR s8bh a8 thbsk )REcrived iU PhRheNRO! Y er
havi ng a hi gh cononomer content wherein the crystallinity of the

pol yner ( &s288pHuaneldoyh (L. Tk MavininX ool efiifi Foamt i an b r Foams and

- 18 - WO

bCT Uso7/ sshaology, Chapier Peasser Brblisherm Ny Yerk (1998) Mhielbisincomorieducs

such as in, élhrlg» ref@enf S5Mtie %osslimk??%fr{gt 5dd iﬁ?]ﬁld@%@d?l?%é 51'0%%1(%l ingQ Of

| ess than about “40 percent, prefera qual to or ss than about 30
percento, rageat (¥ef dicabiyl pegordde)tto the pbsdefirhpolyaderyiric2@o petrasioh,orby  and
nost preferably equal to or |ess than about 15 percent. Suitable polyolefin

5 pol ynerigradigtingrdeqalyeletin pobimerareostiocty adter Seaming bl pSing pRE&FUdeny| ene
POLITET S e S SRR R L kRSB SO B AT T
;rengg It Lv gﬂg)e zr,1z%5ﬁ9661 AQAPARRRRYF of WhRAGHEEo ihdtRpbratddNéRREDY PAf¥FERLS, toWhi Ch

effectuate thermal oxidative crosslinking.

5 In another embodiment, the resilient cushion foam backing is

provided by mechanically foaming a solvent dispersed polyolefin polymer wherein

the polyolefin polymer is, for example, a substantially linear ethylene polymer as

described by Lai et al. in US Patent Nos. 5,272,236 and 5,278,272. Suitable methods

for preparing the solvent dispersed, preferably aqueous dispersed, polyolefin

30 polymer systems are described hereinabove in reference to the transparent upper

wear layer.
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desi gnati or'{,V ' FMER resins by Mtsui Chemical Corporation ghg dpdgssst he _
| 0 desi gnat‘?ggﬁgﬁbf EXACT and EXCEED resins by Exxon Chem ca%rporatsi on),
het er ogeneously branched |inear ethylene polynmer (such as those sold under

t he desi gnation of ATTANE and DOAEX by The Dow Chemi cal Conpany- and
under t he desi ghéel e poly iefExowbrReroUntercoBapdsitien Boupabhyt foarjedand
et hyl ene/ p

of 15 V1 SPRTERp Bk SHECPARCE 2 nB b (AGR e top STucture or toan
Parti cul ar Ly 3 f for i . 1 | ayer and
foam | ayer$%?&§q§2%%%§g%%?é ?égé;gnﬁt{%%@g%/gﬁ ééﬁg‘?/ gll'#i%g Pglyﬁreﬁlé"aﬁ&gt |°8’P|§e

pol ymer s denpoundddwith dheRtieM SlowRlg agekt BHE o8 RaBRSARI| EYaeltni que
rheol ogi cal properties as described by Lai et. al in US Patent Nos.
5,272, 286 pragesed{@n@optiondly crosslinked) at tempiiretures belowethe decorgssition’ as
used herein refers tg rgcessi }? or wor ki ng a pol yner conposition at
t enper at ur EERITRYEE 8 Bucalblowing agens é¢-g¢ at extrusipn sempeunding or roll

e m xer TG bt Rtk s ek ARG LRI 20T K 80t e AR i Bciiachahger ™
et hyl ene pohikBfpakSshéeeearPthenitl 15%&@&%&@%&%%% %Phansﬁk‘?%gr%%@at@ a

| i near ethylene interpolynmer in wh nomer 1's ran

di stri but elyer, twierein the vompaot street isnmbsequentigrfdamed byvb@iosife pubst anti al |y

all of the polyner nol ecul es have the sane ethylene to conononer nol ar
rati o. 1rheterperatures aroraboxp the deqasnpositier tesopeusiretthachemical blowing

char acteri%geeqltby a relatively high short chain branching distribution index
(sceor) 3 or conposition distribution branching index (CDBI). That is,

t he interpol yner hasThe totp ﬁé%@'coﬁﬁi@ﬁhgﬁf 5M595r9ﬁ9\}“\%5§ga;3’58?§§t 50

percent, preferably greater than or equ
PCT/ US97/ 2palFneric print layerabishout7dn ppticealintermediape edinforbiryieqlegéeliastian or

s S AR
SCBDI s dgfd i I r lecules 5. .havin
o188 3oL AR D SE g e 18 ATHo T el o

CONDNONEr &DOY @rthe mdspaféhffﬁpﬁérswéaﬂ@y@@éﬂ geprit 1hf& JFUWREThHE iogEib'thUt ion
in the interpolyner to the nononer distribution expected for a

Ber noul | i a¥termedigtegeinfonseiment layse oStRIDp strugturerae rpbickmess inghe bangessfdi | y
calculated. fromd alned fromtechni ques kn in the art, such
as, for exféﬁfﬂ %BOW%§?F$@P8PB‘?®T&m?'i N a@iyuﬂr}ir}f)‘ﬂ“ﬁ%&?f f@ﬂfé’tq t68Bbr evi at ed
herein as miibhs.) TRE ofESEdlIiRREmeHRte la\}//gf vﬁ'?zi%rmggast B¥e Wellppx‘ga%g%lssl j our nal

of Pol ymer Science, Polv. Phvs. Ed. 441 or in US

- Pat ent 204, 79@8yORfin polyimer is usdd Gaylglsofilled WRith @rgdni€orpobaréridfilers and and
Distribution in LLDPE Prodyct Perfo n&gﬁce, " SPE Regional Technical
Conf er ence™a ONERT 2rEnall RGHNE a3 ehemichl Blowing apent andothgpadditives 19

(1985).  suchasa processing aid (e.g. calcium stearate) and a foam deactivator (e.g., a
triazole).
The foam cushion backing layer and the intermediate reinforcement

25 layer as well as the transparent uppet wear layer, print layer and the intermediate
reinforcement layer are integrated with each other by suitable lamination
techniques. The foam cushion back layer and the intermediate reinforcement layer
can be integrated with or without the use of an intermediate material such as, for
example, a non-woven glass fleece material to add additional dimensional stability

30 to the structure. The transparent upper wear layer, print layer and intermediate

reinforcement layer can be integrated by heat and/ or pressure lamination
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15 However, the preferred TREF techni que does not include ETTH%EU?“% nt| t| es
in = SUEPPEAYT Ul at i ons. Mor e preferably, the nononer di -
t he i nterpol yner and SCBDI are determ ned using [err] C NMR anal yS| s in
accordance wi th techni ques described in US Patent 5,292,845 and by J.

C. Randaltbchilqif@yas well as brahabesivEnaiinalby Sechnied® stRP-as 3 Lrpplying 20

In addi tion to referring to a honogeneous (or narrow) short br anchi ng

distri buthcpnd cbhgng of an aqreenyetisprrsion df raretiydend aaghic agdhppelymer, a
i nt er pol yrrer al so neans the interpol es not have long_ chajn
br anchi ngeelyethylengdmide ad ]f‘%"(e?W\éWég véﬂﬁéw w&gom%%@ﬁe@em | ong

chain br nchl n iR }Rﬁ i onal
sense of gtrﬁl qf}r?%tgaz}sm ﬁqgev\gvergn%g?& %1&1% sﬁooétaﬁ) Uesﬁlg ‘%r anched
| i nears etemﬂe%ﬂ)% tQﬁé YORH as, f3&aftle /RGN Erena ’IQEe 415 avAllBFSHbM Hyanched
polyethylene which is known to those skilled in the art to have

nunmer ous Cofratian.n branches. Hompbgeneously branched ethyl ene pol ymers can
be made using pol ynerizati on processes ie g., those described by Elston in
usP 3, 645, 992)Tlmremﬁpﬁrwuweawmr ayieritselhFaroby premmci UBnNGHEYRTAY

di stri but h hi t '
or ocess,  #RerbH meducand ARRERER K ho el e R bt B B BRAN SR Sl
poloyrrer S, cAIPYHRY @F a@d&fcﬁ@ﬁﬁ ?St}lrﬁé' M ByStdbricating a biaxially oriented cast or blown

PCT/ UB97/ 2132 9b sheet (such a@h&meaaxk\p@mmtaﬂ ipoty progy exgpand laeminadhg €ay por at i on
have used so-cal |l ed sing te catalyst systems to nmake pol yners
havi ng a Bﬁﬁ@kl’réﬁat%?hﬁ&éﬁé@% t%fh%ﬁ‘%ﬁftal intermedipgiueifAESIRANY [ayeaRE RS | i near

t hyl h
pr oceasesP sy RyeaF ARSI ERBR T A ShaaR sonune asfbitht BB 2" Ehen
et al. in bl %lefﬁaﬁol H&r diredidy oﬁ%tl*fé%?ﬁi’dnﬁ?uﬁer@ﬁdi% relfr\f&rc@@@hataveﬁor

usi ng et aI I ocene cata ysts. The term "het er bgeneously
br anched pnnéhnyeeambeb&qpehwrevaporanngehb solventherei n in the conventi onal
sense in reference a |inear ethylene interpo

_corrparl%l]ti vely low s POlé’H'éﬁrW i Ta% }ﬁ?rrf@nches‘{‘?‘iﬁ)‘b%%/%ﬁgfi frﬁﬁé%t‘]}?;'l/fiﬁit? ias the 10
ot o bgenBuserap fechBidt Byl BRteRMY nditAn PEARCR e B Ll ol y

| ess cdlbAadargio ptocdss aal tentis heated larrunatefi to the intekigledlabg exinforcdryent
branched et hyl ene pol yners are well known anon practitioners of the

li near polayst. h{ﬂ%lhfebherciemg:maév%@féf@wm#yammdoéhmrléhléyssa terolt {fner s are

d | Na |
phace. pol uPRsECRe i GRBed BERTOROTMHR D0 i Beton? 08 By Py ipene
descr bpedypher transpar@x’fmﬁav&y FQ@Q?&&? ntthtraé{spafeﬁt Up?er \Béir labler isthelt 6, 698.

These conventional® Zi egler- ~ type linear polyethylenes aré not
honogeneolshinakedatocthe polytoerioprintlayenihie polygneric princlhgémcampmsdsiang and have

i | K h
B e e HIEE] pld%ing agent dntpounded inks & Pofyol&Hiy Belyfer and heat applied

during the lamination is sufficiently above the decomposition temperature of the
chemical blowing agent such that chemical embossing of the print layer occurs.

25  Alternatively, the print ciesign can be reversed printed on the wear layer which is -
then heat laminated onto a smooth, unicolor print layer; that is, the print layer in
this case essentially provides a background for the print design rather than actually
containing the design itself.

The polyolefin polymer for use as the foam backing layer can be an

30 ethylene a-olefin interpolymer having a high comonomer content wherein the

crystallinitv of the polymer (as measured by known X ray diffraction techniques or
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20 the tér\m “linear." Al'so, heterogeneously branched ethyl gpeRel208% s da
not show Wo”’é’(ﬁ{}'subst antial anorphismat |ower densities since they -

i nherently posses a substantial high density (crystalline) polyner
fraction. At densities |less than 0.90 g/ cc, these material s-are nore
di fficul t diffeferéipbscanhirgrabminogeydbos)) yedbinagussesdch as in wsihgl fonexgroplener and
are also nore difficult to pel]etize than their_ higher densi

25
count er pafeskindglmaydPS¢ gnisreqaaht; qr less thaeAbPEL AL BEFGENY PERIERRD yﬁq‘éatl 9 PEne
POl Ter  tsssRRhBbS: B SerfGUeHad ¥dMlky) 85K 809 08VE Pl S0 Perd 1N CY

to clunp their nsi counter par

The term " aliMbeNSeREIRY el 0¥ 19ERORBLOUASES HERENS) @ulqéalma HS(BIZE)FefihO
VA

pol ymer having at® | east “et’hyl ene and propyl ene’ i nt er pol yner d therein.

Such 3@ ipyipieed iakidenalylens polymérgsach as hybstartiatiyrlireat ethydeneppaipyriessie and
vi ce versa and include other nononers such as, for exanple, at |east
one di ene (rhich atecsptd under the designation of AFFINITY and ENGAGE resins by Thep -

VO 98/ 20197 o .
PCT/ US97/ 28ews hemical Company apd ypggitdpewy Elastomers, respectively), 1y a1y,

the honpggneaq Qﬂﬁ% | YRAE B IAEPSIyRY i d h
heterogeneous#@é%ﬁ)grg] he ﬁ%ﬁﬁy@%e%c?l”yne? Xrergt(‘ﬁﬁcg%?gqlol% Cinﬁt ¢

i nt er pol y redsSomatioer & TAEMER resink bglMftsui Clseraical Eesjoratien &hé unkHeftley r |
[err]-olefin {e.qg., propylene, 5 1-butene, 1l-pentene, 4-nmethyl-1-pentene,

1- hexere, designagions af XAl ang EXCGHRD resins by Exxombhymiqat Corpeiaion).one

- -olefin.is.,l-h __Nbst f ey ab th t hyl ene/
Lor ] of erheieraaearuy Fermened L nayiroe T8 meh Greh & e 0% woi e 1
[err]-olefj agnation cﬁ’sﬁ?ﬂ\gﬂ %@Dcﬁ&’m&bmﬁth@b%w Chéin&lal Cob®drly Slehhder

copol ynmer and®nost especially an et’hyl ene/ 1-hexene copol'yner. 10

The term "ghehidsiiatiohlof FLEXEVIERtHyyUsitn GadbjdeCorparatise)ariter ei n refers

t o honogeneously branched ethy|lene/ [err]-olefin. interpolyners that have a
nar r ow ethylesier PERI BN PRI (846 Qﬁfgp%sojﬁdméﬁﬁ SLERAIoHREi n

branch shor - | nches attri butable to honbgeneous
conono ra?}%fpgﬁgw gﬁ’.‘én Chemécﬁaggogg ‘fag\lgf‘&} linear [err]-olefin polyners is
have 0.01 to 3 long M}ﬁkmawyag}@fdrﬂ&p?g@aefwa rs Rk eke i gk opharaniidl |y .

| inear polynmers for use in the invention have from 0.01 long chain
br anch/ 100fbacatdyensf the fdrebendnegrdicm ayesnbstantialdy bnedreikylens golymers dyee

preferably fromO0.05 10 chai.n branch/, 1000 carbons to.1 | ong chaln
br anches/ ~ heHOIRRLON8H énerl? extrusion processability ﬁ_rtﬁﬁ‘ém&ﬂﬁ Fﬁe%?&ﬁ%mqrﬁgeﬂées &8t i ned

herein as gesibel tyAACR in 86 PataRings. 5072086 BAAS, 27800y e whi ch the Tength

cannot be drstingui using [err] C nuclear magneti c resonance
spectrescopy. The | oTie tdoai 'ndit provessing’ dxeused Heveip raferstioptocessing bhe sane
| ength as the |ength of the polynmer backbone to which it is attached.
Long chai nwierkingreeRolymer sBmRSsEion ajrteripsratares elewnted abeire 16 meking PoIRbi n

branches inan ES&HE&-’, @%’1&&&%‘3&8 BalE, Biaﬂﬁg{)}? kst ‘mixer, Brabender mixer,
or Buss mixer. '
The term "homogeneously branched linear ethylene polymer" is used
25 in the conventional sense in reference to a linear ethylene interbolymer in which
the comonomer is randomly distributed within a given polymer molecule and
wherein substantially all of the polymer molecules have the same ethylene to
comonomer molar ratio. The terms refer to an ethylene interpolymer that is
characterized by a relatively high short chain branching distribution index (SCBDI)
30  or composition: distribution branching index (CDBI). That is, the interpolymer has
a SCBDI greater than or equal to about 50 percent, preferably greater than or equal
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25 o .The presence of |ong chain branching can be _determned in
et hyl ene wo s ﬁ%’pol ynmers by ‘using [err]C nucl ear magneti c FCAd AR (NVRY
spectroscopy and is quantified using the nethod descri bed by Randal |
(Rev. Macronol. Chem Phys., C29, V. 2&3, p. 285-297). . )
As a pr act tccatourdf percent unoenirefezably Greatet tan oragiumat tcCabicR 90 Pee@nBand
spect roscopy gr%gpot determ ne the Iength of a Ion? chai n branch in excess

c

of six pref v essentially lacks a measurable high density (crystaltine) polymer WO
98/20197 ;. pion
PCT/ US97/ 2G38%™ carbon atons. However, there are other known

techni ques useful f [ paia) chain branches
i n et hyl ene pol yner ?Cllﬁg{:ﬁj{jé? ﬁr}g@g? H;ﬁvevﬁfg?ﬁfg f&ﬁ?ﬂ?&gﬁ{o&t@@?mog?%?syner S.

Two such nkivings @rergeherpentona iitin SO peitin® Of tifedian toedwbigd Wi th a | ow
angle laser light scattering detector (GPG LALLS) and gel 5 perneation
chr onat ogr @PRYNBEHFEHEN and zepaesentsraeAmpirisarseftire meonaetredistribuHeRGA

DV). Th .0f 1 t ni ques far 1.ong chain branch_ detection and the

umjerl yien;%@&’P@%ﬁi@%‘éﬁ%%%MgHgﬂFgﬂp?‘ﬁe‘g 3 Berapylliane. See, for

(1645) *an AR, TheSCHOforhPGERSHimet it be radliD Seuldd opd dudhon.

John. W | eybtéirafsomNerhnigids kidbwr kPfb)arBRuct 83-fddéxample, temperature A
m ca

WIllemdeG oot and P, Steve Chum both of The Dow Che Conpany, at
t he CQcibberisingrhgionGactionation (alrbreviatetbhencin a0 TREF" pandsscribad, for

Chem stry and ct 0, oci e FACSS). in St. Lquyis,_ Mssouri,

pr esent ed ec‘f(aatr%;?l@,eby D@@ﬁﬁﬁ%t’ R OgY- dt ¥ehrPqud4or
quanti fyi ngoBieoPiE8S Paterits, 708,081 RSBy ah. m ' %ﬂl‘ﬁ Lkl Y | 1 near
et hyl ene iﬁt eirgggl ynmers. |In particul aﬁ%%mﬁggggognnocf u%ng$%lﬁﬁgy¥%at t he
| evel of |amdDisteibntibnamEhBFH FrodubisParfdringdricy," SPE Rdgitied Teehhivhiene

honopol yne&ﬁéﬁqrr’rgl es_measured using the Zi mmn Stcckmayer equati on

s y
correl at ed Rer Quaker Fqupse Halton, obgroan &hie, Kciakerds 2 mmd 07449 {98Ay [err] C
NVR 2 um found that the presence of

. d
oct eneq)%oels{owever’r%? p(r:%fgﬁ‘éé Hﬁ% tﬁ‘?g‘@% ﬁ§$ﬁ ROV BFILAE PoF8E ABADIS D hy | ene

sanpl es i nSGBDUt4letladiBhs. More ??&ex‘éﬁm th@fRneaikraiaepitioh & thde nol ecul ar
wei ght increase attributable to ccteéene short chain branches by know ng

the nol e péterpeiymoer ankSCBDI hre detephinedBysing 2C NbeiRoanabysis irngrebiviance
contribution,to ,ml ecul ar weight .increas tiribuytable to 1- 25 octene
short chai K SAEHaues ‘ilfes@lg% ghhﬁ éf"ﬁ%%sf?g%@é apfay JchcRerdathin Bev. used

to quanti fMaEF&anmkn{?fPhbzg’.”Q:z@%. BoRkapches in substantially |inear
et hyl ene/ octene copol ynefs.

20 In addition to referring to a homogeneous (or narrow) short
branching distribution, the term "homogeneously branched linear ethylene
interpolymer” also means the interpolymer does not have long chain branching.
That is, the ethylene interpolymer has an absence of long chain branching and a
linear polymer backbone in the conventional sense of the term “linear.” However,

25 he term "homogeneously branched linear ethylene _polymer" does not refer to high
pressure branched polyethylene which is known to those skilled in the art to have
numerous long chain branches. Homogeneously branched ethylene polymers can
be made using polymerization processes (e.g., those described by Elston in USP
3,645,992) which provide a uniform (narrow) short branching distribution (i.e.,

30 homogeneously branched). In his polymerization process, Elston uses soluble

vanadium catalyst systems to make such polymers, however others such as Mitsui
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deGr oot angy&bhgm@l so showed that a plot of Log(l[err], Meltyd §’E A5
function of Log(GPC Wi ght Average Ml ecul ar Wi ght) as determ ne By GPC-

30 DVillustrates that the long chain branching aspects (but not the
extent of |ong branchin ?E of substantially linear ethylene polyners
aré conpaidmacalCenpgratign h’ﬂ% xxon Chemical Corporation have used so-called single
-23 -
PCT/ US97/ 56“2E%talys\{pyaemﬁq%&%}‘reepd}ﬂﬁ“&m Davipg Asiadar Bwnegﬁ%qqu; Sﬁr@lcyeﬁhyl ene
(LDPE) andyshse&iislvp | duced

% SR a?t b whéd Ghear ethylen% §8 xﬁéﬁ%aﬁ 3 }43%%%,”@

usi ng Ziegler-type c ysts su as’ t 8 or di nary

honogeneoshurepbaysphasusidcasedasding harmach, \tﬂ’aaﬂidﬂx”hnd vanadlﬁﬁ{féﬁtﬁfy% >
The substanti all {E’Vl'l near et hyl ene polyners used in the present

i nvent Son Sﬁﬂéﬁ'é quet &l iadd.SoPatc bigp /930299 Hescribea mathodenf pdeparaeidni n US
Pat ent F?%é’% and n US patent 5,278, 272.
Subst ant i é’ls}”;gIF‘ie CeR% F@FP 88 pol ymers differ significantly fromthe

cl ass of polyners c geneo branche | i near

et hyl ene pol ynmers dg‘g\éﬁl egH&Fk}réeggg‘)r{w%lgmrbcy u‘rshﬁf ’?‘éué%% 992

in that hereifiiRSfeddrivankibnhl 08¢ irtidireRRCtP] 1M@£'re?h n@ﬂ&e%‘f g | i near
néa

pol ymer backbone in t he conventi onal sense of e term r.
Subst ant i &laving a mpamthgehe}mv plodry nhais branc}uagsl@stﬂbﬁﬁeﬂi irdegniTHae anthey from
nal ly. as het er ogeneously branched

L1 ach tPondf s OYHEr haa Py BRYSBOPERN AP ety Eeching 4l$ﬁl’lé’rd{£i@nyrrers (for
por yot hyl hee AR R ALY Ghe PLRRRES S LM Bpicalindgss ne

t echni quefhanabdhtsa@l}g@-e&tby Anderson et al. in US Patent 4,076,698, in that
substantially linear et hyl ene interpolynmers are hoaneneoust branched

i nter ]E)ol ymelr S. f Subs tigtetogengously brariched ethatiénd pmigngmi mlrmlvsll RhSWn(thnfﬁéﬁ%l

si gni fi cant rom radical injtiated highly
branched KF %‘t ﬁ?@‘eqlﬂﬁaﬂEﬂ&emlﬁ%%te%t?f@&%%‘?% ranched gthgylesiehy| ene
i nt er pgl ylﬁé[\%néﬂcal?e i&?g%rﬁ/en{%fé'ﬁggl‘e?%aﬂa' é%l@t%rg sfr.%rﬁ)é%ur gas

e
copol yners and ethy en% VI nyl "acet at e ners,

subst ant i ghlaye polymerizatian ;ﬁbb@dsmcboéc;tdﬁ{amdﬂﬂn@&ﬁ c&tﬁ%ts%%ldéé&hséﬁ fgegr ees
of long chain ?renchln and. are made using singlé site catalyst
R

systenms r &XHEPY RE\Rdrson ghirle Bt Upe PakiNfe 4:056,658t a"hysics)rwyatlm Ziegler-

Si ngl f I

ventadi ont P4 PAETHAE by el AR Hom ot Sofi) b Sthed Ao pL eV st It by

Cani ch i nchain brhﬁclﬁﬁg%m‘l Kav@261ir8 poly i &eubehe h{‘tﬂé P@E?&%az gx%@ #38) or
ri

constrai ned geometry catal ysts (for exanple, esc t evens
et al .20j nthestepay ‘dineas.” 08508 beteregemebusly branched ethylene polymers do not show

any substantial amorphism at lower densities since they inherently posses a
substantial high density (crystalline) polymer fraction. At densities less than 0.90
g/ cc, these materials are more difficult to prepare than homogeneously branched
ethylene polymer and are also more difficul.t to pelletize than their higher density
25 counterparts. At such lower densities, heterogeneously branched ethylene polymer
pellets are generally more tacky and have a greater tendency to clump together
than their higher density counterparts. |
The term "ethylene/ propylene interpolymer" as used herein refers to
polymer having at least ethylene and propylene interpolymerized therein. Such
30  interpolymer may have a higher ethylene content than propylene and vice versa |

and include other monomers such as, for example, at least one diene or at least
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30 wused to prepare substantiall | i near ethyl ene polymers, so Ior{ as'the
’ (898/%9 'Y y poly

catal ysts ¥ 7 used consistent with the methods descri b&GTUSTE2E5¢ ent~

5,272,236 and in US Patent 24-
WD 98/ 20197 _ )

PCT/ US97/ 28R&b5a-olefin. 5,278,272. Such polynerization nmethods are also -
described in PCT/US 92/08812 (filed Cctober 15, 1992). However, the

su_bft glnti al | yt | i _neagfyptd@y/fﬁhe mﬁtw -tQU§;yé7ranch_edllilmeef ethybdne pﬂi?mebynﬁsi ng
sui tabl e cpnstraine onetry catalysts, especially constrai ne

geomet ry ch S%?%%Qggli&’rsgg?‘&ﬁ\?é gthviege Rﬁblj‘%la&?@?h}émq/a—omfm . 545,403, 5
pat - o, nitrpdiits Wiyelhe o Bictc' g T onp Guh Hiokntery. mbviriesa. 410
U.S. Pat. A 7 . 4-methvil1S 32.1394; Pat. No.

5 294, 374;1'\%.1%512%161??1'@3’\@?, 45mft§1§'l}111§§e 8he, 1MexeRe, X Getdits an‘gf},‘%} lélbq% gngocat al yst s

for use hegrefenablpche gelelstionar@-Qpb-blefintie d-HeRend. Aost pref@¥BRPR POl yneric
or oligoneric alum noxanes, especially nmethyl alum noxane of 10 nodified

met hyl al ethylerefe-qlefininterdpolyrogmisl eopodgmeesiethplede and WS FE4, enblefin,

5,041, 584, US Patent 4, 544 7_%?, 'S_Patenf 5, 015, 749, and/or US Pat ent '
5, 041, 585)esRecially an ghyyllened Giq orolefin,eorplymne ansomosiospasially ang, i on formi ng

conpounds. i talysts are inert, non-coordinating, boron
corrpounds.elcﬁ%%g/f ﬁ&ene CopEh?’%?efhe pol ynmeri zati on conditions for

manuf agt uring the sopgtamy i's%ﬂblsbénliﬁlly|Iiﬂ3§@éth2|ie’?ﬁé';ﬁi?fﬁx1§9{%r{g[ea ht‘é§e€ig rbfdrd e

present invention are preferably those usef e conti nuous

sol ut.i on polhpmogenavusy bpareted ethydendyauglefiniatapplyineat tioi Hake hhtrrow
present inyention js not limted thereto. Continuous slurry and gas phase

pol yner iz PEFH3HbbRashag disfripusgnsad cosgaindeng flred branches apwelleashostst s

and i I QN.: Lt r | oyed. To. pol yneri ze the

substanti g?‘]_la W{aﬁéﬁs %lb%g%ﬂ§%%?l§&uo&e§ ﬁ&?cno _%%OIPFﬁfﬁﬁ?fI}éﬁ?h?fhe single site
and const rﬁib@&dﬁi@ﬂ?!ﬁﬂbéﬂa-@@é@i Y&lytners is haRML010REA B Ichhf! biaAlh PROYSed. but
for substantially linear ethylené polyners the pol ymeri zati on process

shoul disbe capesrst duteferred subsiantalbe tinedn polysners foramse & thel iewention hawofryner s
are indee ormed, That i.s t all polynerization conditions inherently
make the. ubloREehain Gransiaal0 amtons Ko L IORg s bravan 100serbres, Sare

catal ysts [ Sim i ent ,of a.polynerization
P ocess. sy PrRter By trod H0sSE ATl i HeRn BT R E R R nor - o
cont i nuousbrpndesg$000satised, as opposed to a batch process.

The substantially linear ethylene polynmer for use in the present
invention is characléngzbaindganehingds defined hereir{ag)a chain bezigth bf etlensttti o,

I2[5e[ 14! ecragllor[s,eglgéveSWE%h the length cannot be distinguished using 13C nuclear
magnetic resonance spectroscopy. The long chain branch can be as long as about
the same length as the length of the polymer backbone to which it is attached.
Long chain branches are obviously of greater length than of short chain branches
resulting from comonomer incorporétion.

25 The presence of long chain branching can be determined in ethylene
homopolymers by using 13C nuclear magnetic resonance (NMR) spectroscopy and

is quantified using the method described by Randall (Rev. Macromol. Chem. Phys.,
C29, V. 2&3, p. 285-297).

As a practical matter, current 13C nuclear magnetic resonance

30  spectroscopy cannot determine the length of a long chain branch in excess of six



VIO 98/ 2019%, 1 o0, - - BCT/USYT20255 -
PCT/ US97/ 2%’%?’20197 (b) a nol ecul ar wei ght distribution, -
Merr]/Merr], as determ ned by gel per neati on chromat ogr aphy and
defined by the equation: (Merr]/ Merr]) [err]

(I [err]/ | [cerbdr) atoms, GBowever, there are otherknowsn teglsigues usefwfor deimkmgy'néuch

that the critical shear rate at onset of ., 5 surface nelt, fracture for the
subst ant i 4Nf PreseReapt longrhaRbTanristen eft)!éylsreep ‘gperggncluding,g gﬁﬂe/ &t eat er

than the Cc{c%ér{e(;x?iterﬁgﬁ'giﬁergaga/o%c}\ et?lgagtgfeg%?lﬁ%%?;g 'o%orﬁ{tﬁaai%@ for a

l'i near ethyléne po erern the su _ I near e e pol yner
and the coupldd@th LoWAgse I4et KPR scaatRhf FRetdchst (SPRLAVTSAAE geP'
conmononers, the linear et hyl éne pol yner has an I[err] and

M err] /sM ggerineatibhichrdmatogeaptentoupfled hethsaibferantiaiviscomeler détoetar (EPGy! ene
pol ynmer and wherein the respective critical shear rates of the

subst ant i &PVY Theasg ofdhrsa lerknigyes fadong ghaindrandedeteation ardithepol yer are
nmeasured at_the.sa nelt tepperature usin . 0as ext rusi rheonet er,

Cay " 2 ingedfiand Miscaiee nab € BB Rl oo D ikt BRe 7 BXb et ween
30 and 158ke G Affisthekmayer, WE)]. Ciitnt PhiS, E1A301 FIRAIFBAE Ruflig 1A | buti on
i ndex greafer than about 50 percent. e

subst ant i aWodetri Metliods dhtdtneep Ghyretarizidion, Johnt Wikeyidagend, INww dogk

honngeneousl%ﬁbranched I nterpol yners and essentially | ack a neasurable
"high 10 (188hqn y83414cti on as neasured by the TREF technique (i.é., have

a narrow short 20 chaia, di st butio d_a-~hi gh, SCBD, L.ndex) . ~The.
substantially Ii neaﬂ.mrgﬁgaroot an;%?%g‘r’e Sgﬁg}'%&%{;&h‘?@?&cgm%ﬁl a

pol ynmer fragiipaRy Wtithe DEGEHr 20194 RingsteRtd§ the FedbRDnidihayriegual to 2
met hyl s/ 1000 carbons. The "high density polyner fraction” can al so be

descri bed Ghemistol amkSpdatastomnSediety (EAGSS) eeStoLobisaMissougi, pessentedatata
about 2 nethyl s/ 1000 carhgons 5 ' ) The substantially |jnear
et hyl ene | FRIBPRETaRAS 1at E%P%Qéfz ISR ustljpduigge for quAHEURE th PEeRnce of

i nterpgal yngr . | ' : o) 1L - rl. [&err] s in
andi o © * BB e g ubtaRliplt BRbartif b e rpaiphlels, SRAREEEL O, of
of C3-C20 g&GARk adl WHum found & the kel of loyigRhainttraaches th@ubshfitially
"interpolyner” is used herein to indicate a copolymer, or a

t er pol ynerlinear etiydens hemopnlsiracr sampleameagiigdoising theohiomorhsecksapy
E)(Z)IGy[Ter 'z egqtyglt}o?l c%&x@falltg %vélf) WETt%ktge Eerlreel of fo%rgpc%la%/nngrrahches measured using 13C
NMR.

20 Further, deGroot and Chum found that the presence of octene does

not change the hydrodynamic volume of the polyethylene samples in solution and,
as such, one can account for the molecular weight increase attributable to cctene
short chain branches by knowing the mole percent octene in the sample. By
deconvoluting the contribution to molecular weight increase attributable to 1-

25 octene short chain branches, deGroot and Chum showed that GPC-DV may be
used to quantify the level of long chain branches in substantially linear
ethylene/octene copolymers.

deGroot and Chum also showed that a plot of Log(l2, Melt Index) as a

function of Log(GPC Weight Average Molecular Weight) as determined by GPC-
30 DV illustrates that the long chain branching aspects (but not the extent of long

branching) of substantially linear ethylene polymers are comparable to that of high
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MO 98/ 2019 e
PCT/ US97/ 28&%%8/20197 Sui t abl e unsaturated conSiontrd?Pdeiul -
for polynerizing with et hyl ene include, for exanple, ethylenically
unsat ur at ed nononers, conjugated or non- conj ugat ed di enes, pol yenes,

etc. Exanpiressusé, }ﬁ%h:lljr bt@ﬂ&lﬁdrteﬁﬁddﬁsﬁzl{ﬂﬁv@ﬁvlene {LDPE] &4d ilue[c@éarrly @isﬁﬁétns as
propyl ene, isobutyle 1- but ene exene, 4-nethyl-1-pentene,

hept ene, fraseesindene pelymere pradutedarsing dieglarrppe catalysersekhas etﬂamon'o n o Mer s

i ncl ude ro ne, byt ene, 1-hexene, 4-nethyl-1- pentene and

1- oct ene, SHHHT“%@["@T@dF?fY OmO@fBEWSa‘FaIt%YB‘iSéPQ? péhaintywRendsianadiine
nonomers iy ﬁkﬂg’% ;Styrene, halo- or alkyl- substituted styrenes,
tetrafl uoroe en vi nyl benzocycl obut ane, 1, 4- hexadi ene,

1, 7- octsadi ene, and %@'Sﬁb&tkﬂﬁﬂﬁvhﬁeaﬁ‘eth ¥h¢ PERANED Bse L HLIHRIRY and
cycl ooctene. 10 Det er m}ﬁat [ gn@gﬁtcl thee cri tll gﬁ Eé?he rate

and criti daverstorearest unigse class of compyardisthavaneeghtthéer defingdeindss Wsielnt as ot her
r heol ogy ties s heo i cal processi ng i ndex" (Pl), is
per f or ned%%f’én&dg P?tﬁg’f%%%#f@grret er (GER). The - ~gas extrusion
rheometer is descril rof f cio in

Pol ymer Engi neer i ng glstg}été%ﬁy @%aq'%’fl})ﬁeﬂ%p%inerﬁ da!gefcflﬂgﬁa%ﬁpy }éﬂﬁ"ihﬁ

" Rheonet efcask Of pbymé¥alcbARverffloall slmﬂ Van
Nost r and Iselsnho d@m (ClQ82) on y%omﬁﬁ’a Oé&i@%sﬁly@;gg}?ﬁgﬁ%%}(are

per f orifed ethylane polyenas tsdlescrdfedafimswcaﬂﬁibi ebryrﬂlﬁ,onah US Patent 3,645992, i gasur es
bet ween abo t. 230 tﬁ abou; 5500 f)SI g (about 1.7 to about 37.9 MPa)
usi ng abo§# atagnel}g ngar gkt @plymers donqh haive adinesr Hﬁlvé‘?ﬁrrh@ﬁkbomgl e of

- about, 180 thE b difioMPaANLE fd wrch AL € UL EARROINER ShdRSE LLRECET el 0

the PI aren I'n Kpoise
GER at an abqndiflen bi 1f1can$15}€fﬁd’m$lﬁé gags S pAPRdts Rndven ¥ordfir@ionhiigiuge/ cnierr] .
The substantially I I near ethyl ene pol ymer for use in the' invention are

et hyl ene |h¢¢@959mgm@hsbmvh tradmomahztelgéer polyrmeang:bhnéaraebbylbné) 01 kpoi se
to aboyt 50

subst ant i é’f‘i‘fygﬁc’lﬁy RSP &:9? %ﬁrglﬁ%yﬂgf% cﬂgﬁe&v}#nﬁfﬁ%eaé lgsy qeé‘§’§"t han or

| 25 ledy
(o1 ther a Py S8t B AR Btk ‘%“eqn%??ezéd”?‘%f%’?“(}? R PR T

honogeneouli$cjosed by Andershadt ahireUﬁdhymrzl £:%:) @Ssmrthl@edlﬂétanlﬁbﬁwiﬁehf\ US
Pat ent 3, 645,992) having an | r] and Merr]/Merr], each V\Athl nten
per cent ofethyiene iniexpalymars aye ﬁ&ﬁené‘?‘llﬁly branched mtermlmsm Viubstangiglly

:Agflppar einesp @@1 leﬁer;%"l?m\é?sr 255 dﬁpeg%[gqﬁfma%tﬁlaﬁ'omat}xe cﬁlsé) ﬂnov%m%g %eE 0

20  radical initiated highly branched high pressure low density ethylene homopolymer
and ethylene interpolymers such as, for example, ethylene-acrylic acid (EAA)
copolymers and ethylene-vinyl acetate (EVA) copolymers, in that substantially
linear ethylene polymers do not have equivalent degrees of long chain branching
and are made using single site catalyst systems rather than free-radical peroxide

25 catalysts systems.

Single site polymerization catalyst, (for example, the monocyclo-
pentadieny! transition metal olefin polymerization catalysts described by Canich in
US Patent 5,026,798 or by Canich in US Patent 5,055,438) or constrained geometry
catalysts (for example, as described by Stevens et al. in US Patent 5,064,802) can be

30  used to prepare substantially linear ethylene polymers, so long as the catalysts are

used consistent with the methods described in US Patent 5,272,236 and in US Patent

- -
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PCT/ US97/ 20255 i-dentify the melt fracture phénomena and quantify
the critical shear rate and critical shear stress of ethylene
pol ymers. According to Ramanmurthy in the Journal of Rnheol ogy, 30(2),

337-357, 198B,27dnSueh polianerizaticermethogls ate alsodeseribachin REEAUSER/ 08812
A B R e TR LR
Sur face t RV f4 ow condi t.i ons

and r angg‘sEé lfe%efr @tg a{# %&% ?%%%gs? g ﬂgﬁresc%g%%?g@ Hfééf)%{egﬁgés(as?aly 85t FPRBIE severe
formof  constrainedlppbhietry dde4195t8 as dsscilwed ﬁﬂiUB%}élgk}/EEa&Q)x{ H&eiAheye-sd5161 bed

GER, the onset of surface nelt fracture ( ) is characterized at the
begi nnisng fied [Jekyidndo¥k U.sdateNeb,132538k & SitPaniNo b, 06E802 U St ridughness  of

e L B 3y PR s IR LB s S 1
[ near ot b, A BsBoblie; s b, R basi PRoutpa0\pecRBtegr ater (han

et hyl ene i Nt er BRIMBRIcobAMiYAS B2 IO heAlih ndl TEreldf? fidndi
Merr]/Merr]. 15 < % G oss mellt frggﬁgggﬁgciog}igﬁlg g’r‘lg%ready

ext rusi on éxaovplegrdymeriner aligomeric ahamiyesanes, dspetidllyf methyl eduhatoxane or

(alternati ng roég_g ng snooth, helical, etc.) to _random di stortions.

For colfer@pdifte %&W BiURUnEX 3R KRS XAER e) apdgscribed inBiSdtagentand

abr asi on I 88, f, fast d mp mal, i f nt .

The ori ti oa ot BB Rt 40763 O3 PR BUIE 88 ) s Beral S0eEPSHe

subst ant i albly a@fhert, co@patiBlelibRRE0IIIHEH R ¥ RS nMS B SR I gon, that

is those havi n? a dens?ty | ess thaﬂ?\é)altbout 01. gl glrsébc,r{a?'s %?%g%gr t han
¥s

about 4 x cboptarvsts atpnmert.ordrecodrdirkitingg botdrcaimpoundshear rate at the onset
of surface nmelt fracture )?POSNF%.and tcﬂe ongg_t of gross nelt fracture
(OGVF) will be used MERAYMEHERPYFPRGHORN I JRanfacatfTEEE Stbsightalks
and copfi [ at Pref ar abl pn the
present’ 28 ek caferk pAIpeRldd I8 A8 pieh MO0 bibielly PBR il "oe

char act er iingHe byntiriuous solutiyr polgaeridaeian proteds, dlgidieh thBapplitaidi bftheal
shear stress. Substantially linear et hyFene pol ymer s

al so consiResSYTt invegiti is not limited) thegato.ceaptineaes shurerinl gamphasee _
characteri . .Sl tin ak. . The single nelting peak is
det ermi ne ugllnlr%ézgm?ﬁ ??‘lecﬁé%%? ig%ﬁr‘rgissggﬁﬁfs%g’ EAvadeditheropsT Catalys zed with

i ndi um angdlghenizZech ¥aidkond AR dRPINEd] MEYoIESeRD i i npl e

si zes, a CE‘ljrﬁsntQ heat" to agout 140%%??] C V\ﬁjl cﬁélies ﬁgltledé'}%ﬁnatggg?&farpﬁ nut es,
a 20  polymers useful in the invention, the single site and <@8istrained geometryWat£3{4t20197

PCT/ US97/ 20255 . coql do at _about 1Q[err]/ min. to about -30[err]C
which is HBFRFRREd %B%&C@O‘?ﬁ eE?fféﬂéugstanﬂalllﬁéhﬂemﬁtbyleas@Qlyrmex[Séher] C/ min.

Oyt TAILRE I SERAEDY e T 0GBy B AReRE 1
polymers are indeed formed. That is, not all polymerization conditions inherently
make the substantially linear ethylene polymers, even when the same catalysts are
25  used. For example, in one embodiment of a polymerization process useful in
making substantially linear ethylene polymers, a continuous process is used, as
opposed to a batch process. |
The substanﬁally linear ethylene polymer for use in the present

invention is characterized as having

30 (@) ameltflow faﬁo, Iio/1,25.63,

-25.



Tot al ; heat Lon of the polymer is calculated fromthe gr ,n‘ e[ the
curve. 5 ‘969&%%}) For substantially |inear ethyl ene%cﬁ?%;?% zgl?rers -

having a density of about 0.875 g/cc to about 0.91 g/cc, the single
mel ti ng peak nmay show, dependi ng on equi pnent sensitivity, .a .
"shoul der" or a(¥>7huMO&ﬁtIuiahIevéightahiehiﬁu@mhﬂ;e/l\/fi@iasdeternmww »elt es | ess
t han about 12 percent, typically, |ess than about 9 percent, an nor e
typi cal |y persseationrchatmatogdaphy amhtlefified hy theotqiatimat of fusion of the
polynmer. 10 Such an_artifact is observable for other honbgeneously
branched pol yners sdé/ﬂ»l}akdn)shlo/éﬁ,qé’lée@esi ns and is discerned on the basis
of the slope o he single nelti eak aryi ngls enotoni cal ly through

f n 1
the nelting redfbn o SaFrtasion rﬁheg!&%u%‘ﬁhé}ﬁaté%? CPHeq! shear ragpatarsefwh hi n

about | JANa]l - r more.typicalkhy within
about %% ggrlﬁagegftl MF ﬁg@t{r‘r}éﬁﬂwﬁg‘%@f’% R%%Fllytzlf%&% ieklﬁlggér:‘g?ltyw& lsb%@ﬁ?&?he heat of
fusion 15 pétét greambkiear! hebitREl HeBf Fat6 ANtHAOEEPS R RLY n@iﬁéé&' ry
specific integration of its associ at ed area under the heat oW Vs.

t enper at urlénesuretteylene polymer, wherein the subbtentiatly éimehnethyksingptol pinet andtie ons

of ethylene [err]-olefi PQPOI yners age det erm ned by gel 'perneation

chr onat ogﬁé‘b‘;ﬁf e(@%ﬁ‘e BRYRSFLOBIISE4 0@ SHNE FOmOonomeg o 6pmenPmeth thnkinesgr aphi ¢
unit equip i ' tial\ g ehrach er_and 20 .three colums of

ni xed por oés)tlﬁ{SJ {?We#é’?’é‘ g# fd%rsnegsﬁgrég%swﬂ Ihfl’ég}l%ggl%%{ DifsEnt of thé E‘élf)sg?’btl%lryi es and
are co : 1 r | : . el Olerr nd 106A.
The somgbﬂ?ag%%%%%ggﬁ} g‘r?lgbs‘gﬁg%hﬁghe?r r%‘%c\%%e %ﬁhgé)losbf' QTO'% gespJértﬁ%nt by

wei ght sutstintiallorineaf ethyterearityeer ane thy kRairethylefe polvaklapn. The flow
rate is about 1.0 mlliliters/mnute, unit operating tenperature is

about 140[ Bepjured 34 theymmerekittrmperatue pEng pgasewartsivoGhedroetet, t er s.

The nol ecul ar hght_determnati.on with respect to e pol yner _
backbone is de éed %ﬁ)néfs%i%eﬁﬁ?g%aﬂﬁn&ﬁfﬁ?%?’gpéEd’i“‘s’ft}r%/gbﬁﬁaiktﬁ‘?fween

pol ystyrengg and 158t@ngday ds (from Pol ymer Laboratories) in conjunction with

their elution volunes. The equi val ent pol yet hyl ene nol ecul ar wei ghts
are det®ernined (8y usi stpr8chainpparahingdstriirtiorHodek pieatorthbhabent 30 f or
pol yet hyl ene and pol ystyrene (as described by Wllians and Ward in

Jour nal ~ of PB6F¥mer Sci ence Pol yner Letters,

- 29- WO . . . .. .

PCT/ US97/ 20255 H %‘%%?“z‘é‘?uﬁ lingar ethyleng polymers used ip fis inyension age

equat i on: homogeneously branched interpolymersMpdl a6edritidllI§N 8k a thehsurable "high

(Mool ystyrene)[err].. In this equation, a = 0.4316 and b = 1.0. Wi ght
aver age nolsiflyafragienps mepsureddy the TREH technigud (iey, have ausuadwshorier

accordbig hQ.ih BRe'iBLESHARS 2 HEHERD MEL Ire dbelanbialth Brtd dhelend ) ) Ler Tl

polymer generally do not contain a polymer fraction with a degree of branching
less than or equal to 2 methyls/1000 carbons. The "high density polymer fraction"
can also be described as a polymer fraction with a degree of branching less than
about 2 methyls /1000 carbons.

25 The substantially linear ethylene interpolymers for use in the present
invention are interpolymers of ethylene with at least one C3-Cyq a-olefin and/or
C4-Cyg diolefin. Copolymers of ethylene and an a-olefin of Cs-Cyg carbon atoms
are especially preferred. The term "interpolymer" is used herein to indicate a
copolymer, or a terpolymer, or the like, where, at least one other comonomer is

30  polymerized with ethylene to make the interpolymer.
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where w er sdie weight fraction of the nolecules with n@cq%ggqﬁm\ggl ght _
Merr] el uﬂon%sijy fromthe GPC colum in fraction i and ] 1 when -

calculating Merr] and j = -1 when calculating Merr].

For the hompgeneously branched ethylene interpolymers used in the 10-
present invention, ShialNe ansqmmtedr‘pmcmomeefs asefol forl pdgmeniaingawvatht 3, nore
preferably |ess écgan about 2. aﬂ eci aI |y from about 1. 3

about 2. Seﬂﬁﬂefl*ﬁ)%h’é?p iexpmple, et ShicalTy yaavatatad rprdsBeRs. comugaied o

Substantially | 1§u(';gga‘%‘éd Al &Q,?y&%g YIB! fix g%@léé%?‘é’ﬂcﬁ SodiBns %%&Exchﬁ{éh 5-

processabifity, NAFT oW NDlecul ar  Wel

di stri but j.gn ggkpggg%#%gvleﬁ% Sk, Mvﬁ{ehlz,_ {ALid m&ngf@a&téﬁf t han

about 3. SCZQr or e referanly | ess

han St e SRS DAl e DTSR ey SRS ELRET A
of subst agﬁ{;@&ﬂexe l1.BERhe qtﬁ&&@e4mt§gmﬁeag@§tthﬁ&£eueﬂe ea%aenbt@k}f 5

i ndependent t he nol ecul ar tion, Merr]

Accor di nglegpedidiy preféreed.eOtledrisyitable rhenoﬁnersZﬂchmiesftynenp,dI\am:em dlkyl-use in
the present invention is a substantially |inear ethylene poT ymer.

The densi tsybgiftutesestyeanes tétraﬂuwey%éﬁn%a@n}%agm% dortane: didegrediene,  with

ASTM D- 79 h h
Soout " Drsbagtedf 4t Rk ERETE ) BYARBLARNL S BEREL A PR30
g/ cc, gore preferabipsterdfinafié®BF 241 mrgéﬁcanmrﬁmwh&r%%@s%cc and

nost preferably, from 0.880 to about . When used as or i1n the _
f oam | ayermregdrs tpneflefracdread wakas démuhyokwgytphepemes spch yordbologal yrrer i S
| ess than or equal to about 0.915 cc, especially Iess t han_or

to about (PrOCFHE inggerPhsBPes rme winga &35 SEFrueRTragpeter AkERDr The Iayer

the prefe”g%x{%gx g%@ﬁ#&é’dggcn%gg Gl*/(ygﬂxﬁf g? gfg)@t}%an andL 9" eahdh i han or

equal to & eSpeci y gre or €équ 0 “about
\9\0938/9/2 gggl’;nlvmer EngmeermgLSaence Vol. 17, No. 11, p. 770 (1977), and in "Rh3Bmeters for
PCT/ USS7/ 2dghsn Plastics" by John Dealy, publithed byl VesuNastrawd thrm@ﬂd pol (15982¥ om

polymers is i ndicated uysing a nelt enent
accor di ng RR)%Z%\'? @Qﬁ%ﬂg‘mﬁtﬁﬁﬁ Pﬁﬁormeg ﬁ@g‘f’BPFﬁa&/"’f O?é‘% Bpﬁ@g@?l y known
as " 0ondi tifaebn pralBrallBRVEALNNADSD kS EbDY : S fs sig (4861t 1.7 to abbit Ty er sel y
proportiona 5 Phe nol ecul ar wei ght of the pol hus, the higher 5
the nol ecVRn) manglabout 4e. OVEA/\mIm tiivenetet 120t N0ER, dia ktithoary Bntrivece arlgh¢ oHnshi p

I S not l'i near. mel (ilex for th pol yol efin pol ynmers usef ul
herein is aonEL8]° >FOF,tb¢ﬁ;ubstant1 ly linear eth ene polymers described herein, the PI

20  is the apparent viscosity (in kpoise) of a material measured by GER at an apparent

shear stress of about 2.15 x 106 dyne/cm?2. The substantially linear ethylene
polymer for use in the invention are ethylene interpolymers having a PI in the
range of about 0.01 kpoise to about 50 kpoise, preferably about 15 kpoise or less.
The substantially linear ethylene polymers used herein have a P! less than or equal
25 toabout70 percént of the PI of a linear ethylene interpolymer (either a
conventional Ziegler polymerized interpolymer or a linear homogeneously
branched interpolymer as described by Elston in US Patent 3,645,992) having an I,
and M,,/M,, each within ten percent of the substantially linear ethylene
interpolymer. |

30 An apparent shear stress versus apparent shear rate plot is used to
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about 0. OLygd 4 gkn. to about 200 g/10 mn., preferably fropgpg 1
g/ 75 mn. v t‘g;about 10 g/10 mn., especially from aboutrp. 37’1‘%5%1n

to about 20 g/ 10 mn., and nost especially fromabout 1 g/10 mn. to
about 10 g/ 10 min. However, 10 generally lower a lower nelt index wll be
pr ef er r ed identify tee mepdrachersr pHeapearerarmhd quantify itind critigabsheelratd atei t 0 t he
foam | ayer. nmeasur enents useful in characterizing

N ah
t he rol ecGritFalsbeahiress of ethyleg\gﬁg:tlgq%\@rsaxixgpqrqiiﬁggp Rearmamurthy iin the ourpater s
d h i ' terminat | ith hi gh
noi ght o " S REGBE WO SRS, 1088 Sove 3 collfin e hu g TR Hig oiksves
190[ er r | Cest@Quligte(iRENRIIHes Wbe ﬁaﬁgﬂe}m&s&ﬁé&]iﬂ‘&s @B%ﬁhyg@ WA 1, gﬁ[ 1)

The ratio of a higher weight “nel X determnation t oWer wel

det er nb natiacture ankgross msltdracaire. fl ow rati o, and for neasured I[err] and
the I[err] nelt. I ndex values the nelt flowratio is conveniently
desi gnat ed as | [ er r Prrfpes mplt frastureipscurs undep ppparenilyisteadyi fimacorditiphene

Prow rati Sng e gertn B EebRt ot oberuias AERE TP dhe FIotg SoYre formpe
hi gher thesua&mMIﬂngeeqxll,[awe&erfﬂiﬁaa SinGhe bBSVATRER RO GO LD ngeﬁi%gh' ng in

t he pol yner. T err]/I]err] rdtio o e substantia ear

et hyl ene potfpeemeltifsachurel(@SMF)s eharkeRsized at the RpoMiing of Bithesnesdabl y at
| east about 9. . Addi tives such ‘as antioxidants (e.qg.,

hi nderl8d gHesadt mdich hesmriase ponghnegaabibeaxiqudate caroenly bgaietedte by 40076)
phosphite e LI gaf 0s.,16 and P err a trademark of Sandoz
Cheni cal , %ﬁ“%ﬁ“ﬁé’r y encélrt}gﬁf %ﬁf‘r {ﬁqe\ﬂﬁﬁg]or}sgl Béﬁ”rréﬂf&ﬁmfl&gﬁ%mée for the

bi pheny| pabghnimllelk lend Rt : ' {Tg,lﬁgg i

hydr oxi de an a?%?ﬁeﬁ!ﬁ}}m 1t1 ri ﬁ%’?ﬂ xrihglgs% %\E}lﬁ%bab&%%@eﬁ% ,enc or?egrgjtﬁsp,i

fillers (é&hgcritiGheigarmaie)at thednset of stifacd mkk fratureldfa leat etlylided in the
pol yol efin polynmers, to the ei%ent t hat thteﬁ/ do 30 not interfere with the
abuse, tr %f%ﬁ}éﬁ‘@?h&’mﬁﬁ?ﬁ’ﬁ yehe same fand Moo/ My

-31 - 201, : Pl

PCT/ US37/ 20255 \AOG?&SA{B%H% E%‘SHFS ocqusab upsteady piruggrdow ernditiprsanfint s

and st abi lrigisSn @etal RO regllar (auemgaﬁ%éﬁéwm UeBofs hlﬁ&lt&c.gwo ppm wi | |
generally be required to successfully | t process the preferred

pol yol ef i mepdtmeisterticred Fon comenerriet acreptabilétytanchmaximum wear layer .
Fabri cat ed Igéers1 uch as for | am nation operations may also contain 5

addi ti ves *t'8" @8I QR PRE HeErE _Cﬁéﬁfeﬁ el Be pHnENanif et absangt i on
e 2t TR AN s Ul ks DB PO PR,
and secondiaeyr dthyleyie antetpolymers used in the invention, that is those having a density

less than about 0.91 g/ cc, is greater than about 4 x 106 dynes/cm?2. The critical

shear rate at the onset of surface melt fracture (OSMF) and the onset of gross melt

fracture (OGMF) will be used herein based on the changes of surface roughness

and configurations of the extrudates extruded by a GER. Preferably, in the present

25  invention, the substantially linear ethylene polymer will be characterized by its
critical shear rate, rather than its critical shear stress.
Substantially linear ethylene polymers also consist of a single
polymer component material and are characterized by a single DSC melting peak.
The single melting peak is determined using a differential scanning calorimeter

30  standardized with indium and deionized water. The method involves about 5-7

mg sample sizes, a "first heat" to about 140°C which is held for about 4 minutes, a
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.am-des, silywaaggs@eatings, etc. Still other additives, such ggyRidgHBREATY .
anmoni um conmpounds al one or in combination with ethylene acrylic acid
( EAA) copol yrrers 10 or ot her functional polymers, comrercial anti-stat
additives HOSTAS avai | abl e from Hoechst Cel anese, | RGASTAT
avai | abl e %%rﬁverrbat @W%/rram to aboutvey Gwdiignisiheld fcumblo@t& rming tes, and

hydr ophobi | r f ¢, can al.so be added to
t he pol on ﬁ Jtd};! %Ia}r%l%p (?f%e?éﬁré%rs@oo?f%%\ ﬁ%c §‘6r}'fe§f:e dﬂngle vol ume
resistivit e HdIdS taken from the "second heaﬂf“| At VB f%e rﬁ% nfx%t e osts,

conmpounded into the polyolefin polyner reduce

enhance f| Eatabhkattof fasidnfof thepolyateris eeﬂtthllated fabH thefaréPunder the @AM dust i ng
during conpounding. Suitable oils include, for exanple, paraffinic and
hydr ogehat ed oils (eFef substanmlky ar ety lenerintersolyners h@amgardzemrtd of

2 50 20 aﬁ%ﬂ@ﬁ%f’ bRt O3/ Shndkr FGIe B iRk oY DOV RES NG | y
added wi t hBHTemllpmeﬂtr}%Hglﬁ'vﬂ? JEIR bp&g@@gy Bhlihd Youd WS QXA €,

bl eed- out I NnCrease as e VISC and/ or
the cryst atdrishittites ddss then @sdtadRelerderitolypitally, less tlﬁﬁ‘h‘b%@%@?ercent d

The pol yol efin polymer used in the invention can be a ble 2a§ m xture
of at Ieasm%ﬁé}’méﬂﬂw)le& thanmho}dhérpemt af thectm$d] heatoftfubion qfchy pelyméer ei n

t he bl t t t hod, | udi d
bl enai 1 St aHitRek S ohsmpals ior Sier BAmosgpeS b htanyh ﬁ@hof”»fm‘iészgch o
m xer or bgx®og AGidhd is dxsc@H{eWT&{ tchetB Estgfgﬁe gtoﬁ?%ﬁfnaﬁ é‘ﬂ%@ é-Pelx };aeaL(l ngI e

Banbury m xer, a Haake m xer,

or twn cha\yueg(h’fdlﬂ)%mtﬂw ﬂﬁbﬂghdléﬂleltﬁﬁﬂﬁfgw}dbME%ﬁfaﬁg%ucﬁ% &tigade- arm
ext ruder enpl oyed di rectgé/odown stream of a interpolynerization

process). occurs within abgu Cotygpically within about 27°C, and more typ1cally within
PCT/ US97/ 20D

| b
formed in-3T™ 3?\9I G oshe msiting poing 85@1%‘“@?1 qE‘B i iﬁ?g ?alﬁi? hee
react 0is ORRFBLRBISRIUEMIA YN bl s§1§‘éﬂa?e3¥| gétérﬂuned bg?}éﬁﬁémefnteggﬁf)gfyb?g@l ¢

an interpolynerization of ethylene and t desired usi ng
a const r ai assdcigtasharten yundat die/lsdat flowats. Itempbramm: amaetor and a 5

constrai ned geonetry_cat al or a Zi e lLer-type catalyst in at |east one
ot her _reactor. @Pé%b‘ﬁaafr‘ve‘ght Q} ibutigns ¢fsthyiene enlefom pplyseers are s
di scl osed j t | 94/ 01 The
presently ¢ g?r%%x G EQJI Igé;%nreAﬁgél &é@n(b“ Y aters Pl high

pr oduct anﬁnﬂ@rbﬁdefcﬁforﬂé@lg@épmg uhh%q]%%cﬁ%rﬁh@cﬂ@f&éﬂday réf?asc%zhgfeq a .? the

10 foll ow ng exanples, but ‘are not Tinited to the exanples
honogeMeoutiree eplamstscef mixedtporesity. | The talemmnseré yhppliedio} Polgtserused in the

dascr bod APCREHS AT 58 cORERSsy TPARTAIIG: DoRs 558 AN S0LHE BaI0A.
The solvent is 1,2 4-trichlorobenzene, from which about 0.3 percent by weight
solutions of the samples are prepared for injection. The flow rate is about 1.0
milliliters/minute, unit operating temperature is about 140°C and the injection size
25  is about 100 microliters.

The molecular weight determination with respect to the polymer
backbone is deduced by using narrow molecular weight distribution polystyrene
standards (from Polymer Laboratories) in conjunction with their elution volumes.
The equivalent polyethylene molecular weights are determined by using

30  appropriate Mark-Houwink coefficients for polyethylene and polystyrene (as

described by Williams and Ward in Journal of Polvmer Science, Polymer Letters,
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PCT/ UsS97/ 20W383/20157 ~ EXAMPLES In an evaPGAYSSH208 _ -
prepare a foam backing using a polyolefin pol ymer (Exanple 1A), a
substantially |inear ethylene/l-octene copol yner having a density of

about 0. 962,196/ t@@&(ﬁgﬁgr) @%@Mﬁﬁg@ﬁ}oaggg%gg%lgo[ err]C/ 3.0 kg I[err] nelt

5 index of abou )
desi gnation of AFFINITY FWLEEQtAShd®lat+ (

g/10 mn a o) w Chemi cal Conpany under the

n a 30 nmco-rotating,

Wg?@l e
30:1 L/D Werner-Pflieder tw n screw extrud %B@ﬁ‘ég}g parts per hundred

(pph) of

5

10

15

20

25

30

In this equation, a = 0.4316 and b = 1.0. Weight average molecular weight, My, is
calculated in the usual manner according to the following formula: M}' = (Z wi(My));;

where wi is the weight fraction of the ﬁolecules with molecular weight M; eluting
from the GPC column in fraction i and j = 1 when calculating Mw and j = -1 when
calculating Mn.

For the homogeneously branched ethylene interpolymers used in the
present invention, the Mw/ M, is preferably less than about 3, more preferably less
than about 2.5, and especially from about 1.5 to about 2.5 and most especially from
about 1.8 to about 2.3.

Substantially linear ethylene polymers are known to have excellent
processability, despite haifing a relatively narrow molecular weight distribution
(that is, the M,/ Mp, ratio is typically less than about 3.5, preferably less than about
2.5, and more preferably less than about 2). Surprisingly, unlike homogeneously
and heterogeneously branched linear ethylene polymers, the melt flow ratio (I;0/12)
of substantially linear ethylehe polymers can be varied essentially independently of
the molecular weight distribution, Mw/Mp. Accordingly, the preferred ethylene a-
olefin polymer for use in the present invention is a substantially linear ethylene
polymer.

The density of the polyolefin polymer (as measured in accordance
with ASTM D-792) for use in the present invention is generally greater than about
0.850 g/ cc, especially from about 0.860 g/cc to about 0.930 g/cc, more preferably,
from about 0.880 g/ cc to about 0.920 g/ cc and most preferably, from 0.880 to about
0.910. When used as or in the foam layer, the preferred polymer density of the
polyolefin polymer is less than or equal to about 0.915 g/ cc, especially less than or
equal to about 0.9 g/cc. When used as or in the upper wear layer and print layer,
the preferred polymer density of the polyolefin polymer is greater than or equal to
ab01-1t 0.91 g/ cc, especially greater than or equal to about 0.92 g/cc.
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[1). The. A
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di e. | n 20ineas Thevaeltindexdor theepalpalefinipolyhersmsshddteréibingpheraliBfronad a

t hi ckness qf abqut Q..58. nm f Qam densi f about 631 g/l ., an

aver age fo%?ﬂ%gﬁﬁ g;.ji)]?emlﬂ' t%BB?I‘E”L@E#@FB%' pre%%akgﬁér% AuLHPLE/ dhmuacover y
of origin ' . a 9l C \ or dance

W th Eruggo AE10g708hins eeblcilly BBEERN B SPARMEE S, apout A PR

eval uat i onand rast espechélydrordabshong /18 hiinproadrss ¢d gfpa-miha%xogvel%,x anpl es 1A
and 1B as wel|l as Exanples 1C_ 11. Simlarly, Table 2 shows the

cor r esPondBeneraiy lowrroreyermgeld indexfwill lreprefereed for the tgpéGraadlafabhed 3
shows their .r@%&ect ilverger orfmange data (i.e., percent I ndent ati on
recovery, PBPLEXET HARHSIOOREOET AT ty and bendi ng resi stance).
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PCT/ USO7/ 20255 er measurements useful in characterizing the moleculalrameghf of

Exanpl e  subsbdritially lindResittylene inRegblynhdre anHl, homopsl{ @R involveGnBRindex
Foam Foam Cell Size, @ Cell_ Size Processin

I
Densi ty, gfetermingtipnsyyigh higher weightssuch adgr comeacn examplend BT D-1238,
Thi ck NgsSS, %Bﬂdmo%rﬁﬁggé%% }(g @?x?x%ﬂy knowrﬁﬁs "Cqu{HiggR [11\}" and also kprc?xe(p@ﬁ d10)- 1A

the

pph e
8" (203 MMhe ratidofPRigher weight mat Shdex determinati 439
0. 99 e IéaS o} ig iaxé z/vleé% m ex C?a %rgmgﬁtelé?(go a lower wlé%%u e

determination is known as a melt flow ratio, and for measured I;g and the I, melt-
index values the melt flow ratio is conveniently designated as I;o/1. For the
substantially linear ethylene polymers used to prepare the films of the present

20  invention, the melt flow ratio indicates the degree of long chain branching, i.e., the
higher the I;0/1; melt flow ratio, the more long chain branching in the polymer.
The I1o/1, ratio of the substantially linear ethylene polymers is preferably at least
about 7, and especially at least about 9.
_ Additives such as antioxidants (e.g., hindered phenolics (such as

25 Irganox® 1010 or Irganox® 1076), phosphites (e.g., Irgafos® 168), and PEPQ™ (a
trademark of Sandoz Chemical, the primary ingredient of which is believed to be a
biphenylphosphonite) as well FR additives (e.g., antimony, magnesium hydroxide
and aluminum trihydroxide (ATH)), pigments, colorants, fillers (e.g., CaCQs), and
the like can also be included in the polyolefin polymers, to the extent that they do

20 notinterfere with the abuse, transparency or foam properties required by
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3.0 365

Bl own Fi | falc calcxum carbonate, and clay, as weIl as przmﬁgy @34 %ondgqynf@ttv agd

1"(25 mm) 620

1.09 amideg; gﬁrcgne coatings eic. SR Bther addﬁv%sxf_dhl ar%quaternary arrun(?_r}lﬁlén
Table 2 o mpor undEéRJﬁE'cﬁ in E6RGirE o W1tﬁ>éftlw=l§'ﬁé acryfi& B&HQPAA&EB@B%

Foam ng ssur e
Li ne 'Iierrp,or oﬂnez'sfaucte:;nal polym&e,rqm,mmercmlrdnﬁ sta'ban:himves (e.g., HOSTASTAT

[12r r ]. c 2ble %P prghst (!e?aneie %Aé’ll‘\g’? ﬂ@llable rop bg@ Geigy a%rdr 541
16 ATME}_lgaéiaﬂablf fr7q5r8 ICI) b @sdrophoblc fillers sucﬁxja:?’l@ example, 61c Al

5.2

g %S 1) aisg be added to the polﬁ}le&m I;olvmer for ﬂk@%)urpc%e gplgn)eetmg sui@dce and 1,970

5.2 vohgBe resistivity, sxmdards 116 2,100 176 10
gié 1) 2 100 A(I%%m)mus oilscgn be c:(L)rEnpounded51hEo the polyol%gr? polymer t]c')’ (7?2 1)

(11;103) reduce{gg&t'ﬁlation cosisge@hance flexibility%a filler acgéptggi@ty and/ é:GQ)( 9. 0)

(9.0) reduce ddsBing during &r@pounding. Ba@able oils it 71666, for exarhpl, paraffi@ic050

143 16 11.0 14. 1 1H 5.2
193 agfillggirogenatg_é gils (e).g., SUNPAR availapggfron% Sun @il Company and (7. 6)
11 MEDINOL avaiible from Wiltté")oﬁthou h riiPhthenic and arornatic oils may aldo>®

10 & )

20  be used. In general, the amount of oil that can be successfully added without
incurring signs of incompatibility such as, for example, bleed-out, will increase as
the viscosity of the oil decreases and/ or the crystallinity of the polyolefin polymer
decreases.

The polyolefin polymer used in the invention can be a blend or

25  mixture of at least one polyolefin poluymer and at least one other polymer wherein
the blend or mixture is formed by any convenient method, including dry blending
the individual polymers and subsequently melt mixing in a mixer or by mixing the
polymers together directly in a mixer (e.g., a Banbury mixer, a Haake mixer, a -
Brabender internal mixer, or a single or twin screw extruder including a

30 compounding extruder and a side-arm extruder employed directly down stream of

a interpolymerization process).
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PCT/ US97/ 20255 Tabl e 3

Exanpl e D nensional Stability, Bend Resistance, nN .
Recovery % charfgpeh blends or mixtures carn aiso be formed iafsitriig nﬂﬂhpl‘d:) CD
VD Thi ckness

Test Pr mc@;gntem@mﬁﬁgga&xgp@ynh theregstovsgaperated sequentlally in series or et hod
ié/ 90 90p§rallel. Forézxample, arnd%érpolyxtﬁtgbilahon of fﬁgvlene and the gesn-ed ajlpga- 1C120
73. g oQﬁ% using a c@nﬁrained. %@&netry cata%]s? in at least one reactlc__zr and a8 0. iD 1(7)7 él
5.7 s 12@15tra1necﬂ§ébmetry catalyst or a Zlegler-*ypeldétalyst i 4t feast one othed 0.0
298 239 90.0 0.0 0.0 239
239 reactor An exemplary a-pitu mt@:po@ymenzatlcm process is @liglosed it PQT 120

11 (rai 0. ;{ﬁ g 119 In

anot her e%'fe&&ﬁ%’ cation 24/f1032%«i ng” ( Exanpl e 1J) was prepar ed usi ng an

aqueous | atex compopid LRendcfalthed BYakitalek PRl Mor Y LRAWVEE BYertly
product and method for preparing the same are more fully described in the
10, following examples, but are not limited to the examples shown. The
homogeneously branched substantially linear ethylene polymers used in the

following examples were prepared according to procedures and techniques

* described in the Examples of U.S. Patent 5,272,236 and 5,278,272.
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5 weight of a carboxylated styrene butadiene |atex, suppli
Chemcal WO9BZipany under the designation of XZ 92160, Vﬂgg%{égsg \Mth

about 4.6 parts by dry wei ght of sodium sul phosuccinimate (as a froth
stabilizer), about 8 parts by dry wei ght of paraffin (as a. )
det acki f i GXAMPESp prevent foamcell wall tack), about 100 parts by

dry wei ght of a high density polyethyl ene powder having about a 40 mesh 10
(I ess than about 150 m craons) as a rei nf?rm ng filler for n%&oved o
resiliency and In an peslyation i Brepssee ferm drelingysinga pelyglefinof an epoxy

by we gt PRNRH Erors ARy s e ey R o S B B it ses
(cps) usi @wews stso&% 6(?2 gwc%dla% Asp Mal%zl @bdition 1904 dafdgggﬁrrﬁen

avai |l abl e from l'1ed ds Ltd. The fornulafed aqueous r'si on

was nechanhdet ofjationd 88y} 10shingaral sold by Gtiei Dew AtenvitgAT@ripardgichdéd tha t o
reduce the f oam densi t\F/ gread onto the backside of a suitable top .
layer strui,esmhan@fﬂfé%NlTY W 4e30s0as meltrrompounsiedarn a¥emmcora@tiagr | C f or

aval uat | orOt- oGS BEr A R AR e W EEias i 3 Rpecs per bpndees Bk ex
Conposi ti Qg Rmfé%@ msiédlg%vbgﬁa{m BBlviftf ok sBBHEed BY Reefipr POXY! ! od

styrene butadiene latex as us anpl e about
4 parts bynebritatieiadQorpbrationi dhestmides uaeicohn@ted tadadhsféplipatscby dry

wei ght _of Expancel m crospheres contai ni | sobut ane as supplied by Nobel
| ndust¥i eswanrithched 4p 8 sonsentianal geanpwnp w%@clg masdheracwr;ﬂqte@ietnsa § WX
gg} ggagy Cast sheet die which produced a foamn sheet. The resultant foam sheef had a WO
PCT/ US97/ 2Q%RRess of about 1 mm and a foam density of about 439 grams/ liter (g/1). The
average foam cell size was about 55 microns and the foam was characterized as
having about 87% recovery of original thickness upon indentation in accordance
15 with EN433. This polyolefin polymer foam backing was subsequently heat
laminated to a suitable top layer structure prepared as described below.
* Another evaluation essentially repeating Example 1A abbve except
the melt compounded composition of the polyolefin polymer and the bIoWing
agent was transferred to a 1 inch blow film unit instead of to a cast sheet die. In
20 this evaluation, the resulting foam sheet (Example 1B) had a thickness of about 0.58
mm, a foam density of about 631 g/1, an average foam cell size of about 41 microns
and an indentation recovery of original thickness of about 91 percent as measured
in accordance with EN433.
For other melt processed foam backing evaluations, Table 1 belﬁw
25  shows melt processed foam backing Examples 1A and 1B as well as Examples 1C-
11. Similarly, Table 2 shows the corresponding melt processing data for Examples

1C-1G and Table 3 shows their respective performance data (i.e., percent

indentation recovery, percent dimensional stability and bending resistance).
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In another_evaliationlio determnation the perfgroance  attributes of a
car boxyl at ed® | aﬁcﬁg&*‘mo‘é"\“% idn oh a tedilie \sUbgtr&fe | af® and®pol y&61%fin
pol ymer was i nvestlegaied. Thg foll ogwi ng ngteri alls were| enpl oyed and
formul at e0— 8 | 1625 mhQWed1 Nabbes (4 awd 5 DedeOW. 631 oBBT erial S| ermgk oyed
Epoxy Resin RT(QEBpwifma5- 9A gxperimental pgueou$ epoxy resin
di Sper si oR—fEef—ms ' The B
pe LT YT ST 50 30 Nane 779 107 3 POYes
Chem cal Conpan)tastsheetCat al yst _ 1 et hyl
tri phenyl__phospho®eumiacid acetate latlex - X7 9216
a copol yner 'f 3?“@@?’96%@®rene?”65 wt®® byt afitene &d 02 &9 17-86
. as at . " dicum )
w. %acrylic afi ci,ie rom The DOow Chem cal COdmaJay | pper max 888/ 2
a paraffin wWax poaibeet9n bEONGOVEON. V.” 30 [Enpsngn BKB | 076 18 5-37
sodi um sul phosugdiotismat e, from Al brj ght anqﬁgﬂﬂson _
(UK) . HERE—Fommm 055 25 30 None HzohrbBegsstry—Rotyethwtene
e.g., from The [xwsksgm ca
Conpany Bl PQO®ie alCaCOerr] filler
from Oya '© Vigggg F[e?@? Hv- 36 30 None 1472 1 af88%%cyI Pt | m7é®%ener
fromAllied Col| ol LTD Enul sipn L an
ant i oxi dant tdi speesron f 08 GredP Lpkex? .| Y¥Pscial e# Hy- 302 203 14-365
a polyacryl ate [¥i'Ek®ners from Allied Col | G"4¥9Lt d.
1 T (25 mm) 0.87 5.0 3.0 None 620 1.0 365 68-500
Blown Film
Line
Table 2
Example | Feed Rate,| Extrude- Extruder | Transfer Die Foaming | Cast Roll
kg/hr Meit Tamp, | Pressure, | Line Temp, | Pressure, Temp, |Inlet Temp,
°C psi (MPa) °c psi (Mpa) C °c
1A 52 178 1,500 116 1,950 141 16
(10.3) (13.4)
1B 52 199 1,750 143 - 147 10
(12.1)
1C 5.2 159 1,700 167 1970 139 10
(11.7) (13.6)
D 52 165 1,750 716 2,100 176 10
(12.1) (14.5)
iE 52 165 1,750 116 2,100 176 10
(12.1) {14.5)
iF 52 219 1,300 160 1,300 209 10
(8.0) (9.0)
G 32 189 1,800 132 2,050 143 16
{(11.0) (14.1)
T 52 193 1,100 138 - 135 10
(7.6)
1l 52 191 1,400 135 = 135 10
(9.7)
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Tabl e 4 Formul ation (1) for
Pol yol efi n Pol ymer Substrate Layer
Conponent Dry parts Table3 Wt parts
Latex XZ 92160 100 196
H 1 1 At [
CE:an}[JLIF;/g? L' Anti oxi dE ample Rec:fv oy Dimen;:t;r;, ta}:glty, Ben:la'Resistanceér.rNS 2.6
Epoxy Resin 9A of Original J18 co MD ch7. 8
im Thickness 3.1

anlerngx M§g8/ 2 Test PrEN 433 PrEN 433 12/90 8.0 502483 13. 3.

mp Method 12/30 ' A ' A
HDPE 1A 87.1 00 71° 00 179, | 130, %
Sol i ds 18 90.7 0.0 0.0 JooL o Tho /0 pH
[err]8 c 734 08 08 Vigcopttg—{Brookfield, RVT
4 @ _ ) 677000 CP%3 0.7 120 120
20 rpn) adjusted using M sqal®X -10.8 57 120 120
HV- 30 iF 975 0.0 " 0.0 298 239
Table 5 16 90.0 0.0 0.0 239  Forwul ation (11) for
Textile Substrate Lavpr%1 836 0.0 0.0 120 120
Conponent In's ymﬂar 5. 90 Wt '?’1%}” g 119 -
Latex XZ 92160 100 196

' "L" Anti oxi dant

Ean}tj;f;,g{] L In another evaluation, a fOB@'X lygckmg (Example 1})2w§ prepared

Eﬁgﬂ’n Eei/lK lgsug an aqueous latex composition. In thhc,. eyaluation, about l%é :p%rts by dry
| nper mex  888ight of a carboxylated styrene butadiene fatex, supplied by Th3.[Fow Chernical
Company under the designation of XZ 92160, was admixed with about 4.6 parts by
dry weight of sodium sulphosuccinimate (as a froth stabilizer), about 8 parts by dry
weight of paraffin (as a detackifier to help prevent foam cell wall tack), about 100
parts by dry weight of a high density polyethylene powder having about a.40 mesh
10 (less than about 150 microns) as a reinforcing filler for improved resiliency and
strength, and about 8 parts by dry weight of an epoxy éuring resin. The formulated
aqueous dispersion was about 75% solids by weight and its viscosity was adjusted
to about 3,000 centipoises (cps) using Viscalex HV-30 which is a polyacrylate
thickeners available from Allied Colloids Ltd. The formulated aqueous dispersion
15 - was mechanically foamed using air injection and vigorous agitation to reduce the
foam density, spread onto the backside of a suitable top layer structure and then
dried in an air forced oven at 140°C for about 20 minutes to allow complete curing.
In another evaluation to prepared a foam backing (Example 1K)
based on a latex composition, about 100 parts by dfy weight of the same
20  carboxylated styrene butadiene latex as used for Example 1] was admixed with
about 4 parts by dry weight of sodium sulphosuccinimate, about 20 parts by dry .

weight of Expancel microspheres containing isobutane as supplied by Nobel

Industries Sweden, about 50 parts by dry weight of a high density polyethylene
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W th a dershfsolls b%E\Qei%h@Qﬁdﬁ M?srcos&ha,agraamtéé&% %}ftgf apppom i Precoal ed

tufted car pet kness o ely 3.5
nm The f 6HsoaleasHVGM Thik éstnauldteciintsk composition was doctored onto e babRille
120[err]Cin a forced air circulation oven.

Af t er &oolof aguitabledon dlan)tarcsmuntglratandzbem placed R forceddovenatd 40t éor

f oam was 55; ceg of f the carpe h the performance attributes were

measur ed. about 20 minutes wherein the 1sopgéane lJowing pgentoracieleased andcausede wit h
_Eyg?)i% for fbﬁgﬁ{g d B {og&%\é%axku%v%?%ﬁtsly cured.

PCT/ US97/ 20255 In another evaluation t@é@@fﬂ%ﬁﬂh@@e@&ﬁﬁﬁ@éa{tﬂﬁ Rehgent
el ongation and in accordance with DN 53571 ?or tensile
strengt h. a carboxylated latex composition on a textile subsRexsé layenayd pabyolefirer m ned
using a dr OI?Y ped- bal | - reboun To deternine the

thod. | )
POLYTERERS b@quHsaqegaﬂﬁ%gﬁi%@g matggalisyesreraploy et snddornulated

percent.
a st eel b% shB%%Hh"I%bY@%”an%'fBa%% froma height of 45.7 cmwas neasured. In
the . resiTrency test, specimens are provided at the sane
di rensions as is used for foam density determ nations.
The test apparatus (shown in FIG 1) consisted of an
el ectr onadﬂeﬁmgmmg the ball bearing above the test specinen. The
di ameter qf . P,
poxy Resin RTC 7-15445-9A experimental aqueous epoxy resin dispersion from
The Dow Chemical Company
Catalyst ethyl triphenyl phosphonium acid acetate
Latex - XZ 92160 a copolymer of 32 wt. % styrene, 65 wt. butadiene and 3
wt. % acrylic acid from The Dow Chemical Company
Imperiiax 888/2 a paraffin wax emulsion fromGovi N.V.
Empimen MKB sodium sulphosuccinimate, from Albright and Wilson
(UK)
HDPE High Density Polyethylene e.g., from The Dow Chemical
Company
BL 200 a CaCOs filler from Omya
Viscalex™ HV-30 an acrylic thickener from Allied Colloids LTD
Emulsion L an antioxidant dispersion from Great Lakes
Viscalex HV-30 a polyacrylate thickeners from Allied Colloids Ltd.
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the ball s 1.588 centineters and its wei ght was The
bal | ~ %8 8’9919\96 bearing was released into a verti cz]fcc ear pFastl C
tube graduated in percent. The pl astic tube was laid to
rest on the specimen to be tested at a force of 100 10 grans

wherein the required force was adj ustT@dblaé necessary using a count er

bal ance Formulationg§dobPyglyailéfinPodymer Substxstd Dagei i cal support of
t he apparatus. To read the percent rebound, the-top of
the ball bearing on TEpotmd—wWas TTOtEd—THUS, T 1T IS~ tESt™Zer o

percent rebound (resili ence% was taken for_a hmg,;: f 1.588 cm and 100

per cent BPORRBE (resi | i RAEDF G WSt or a hei ght of
45.7 cm Two val ues were neasured and reported for each
test specinen. The f|lragx XZ&P14e¢ (| ower) s 1 hed readi nd%rom

the first drop and tEndsgdhintiesidantg was obtlédi ned by ¥ oppi ng the ball at
t he Catgwte spot _until the nméaXd num valage (equilibrium was
reached whi ch requi r e&poby Rddin 9A 8 drops. 1The perfornmance
results are shown bel Buypinm MEb| e 6. 46 3.1

Tabl e 6 : Impermax 888/2 Pr.opemtol es | = 13.3

Formul ation | HDPE Fornulation Il 50 sdni t's

pol yol ef i n Pol yrer Solids lextile ~68% Foam dry density

0. 400 pl). 243 g. cni er]

Tensil e strength Viscosity (Brookfield, RvT 4@ (. 094" ~6,000 cps 0. 063

N.nmmi err] El ongati on 20 rpm)adjusted using Viscalex 170

185 - HV-30 % Gauge retention

unaged/ aged 101/ 98 103/92.8

% _ | ndentation recoygfijes 97

90

> Z'Eormulatmn (I1) for Textﬂ[e%sua?QEXyers

The results in Tabl e_Bq_nchai_e_.t-haf bot-h-t-he-carboxylated.f oam backed

pol yol efin pol ymer substrat pr oduct nd the car boxyl at ed f oam backed
- 30- VO 98/ 20197 Eomp: By Wet partd

PCT/ US97/ 20255 — 60 r exceed
per f or mance st andar dsE?u ol dt het er ogené‘ s fi oor]i g mar ket segnent.
n

In an evaluation to pgepare a pr| ayer E>6%rple 1L),using a
pol yol efin pol yner, EB& Rl oy Parts by wei ght” of @ sufp

nen

gtantially

| i near/ 1- oct ene Empimin MKB 4.6 131

Impermax 888/2 8 133

Calcium Carbonate 180 180

Solids ~72%

pH ~8

Viscosity (Brookfield, RVT 4 @ ~ 6,000 cps

20 rpm)

The ingredients were mixed with agitation in sequence as listed
above. The mixture was passed through a continuous foamer and yielded a froth
with a density of 350 grams/liter. The froth was doctored onto a precoated tufted
carpet at a thickness of approximately 3.5 mm. The foam was then dried and cured
at about 120°C in a forced air circulation oven. |

After cooling and conditioning at 23°C/50% RH for 24 hours, the
foam was sliced off the carpet and the performance attributes were measured.

Testing was performed in accordance with EN433 for indentation recovery, in
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copol yner nggﬂg-,densi ty of about 0.87 g/cc and an ASTM 1238hjs8¥%kdasérel t _
i ndex of about 1 g/ 10 m nutes and supplied by The Dow Chem cal Conpany

under the 5 designation of ENGAGE DSH 8501. 00 was dry mi xed with about 2.5
parts by . V\gl ht p{léﬁ&%tg AZ2, an azodi car bonam de chemni cal -bl ow ng
agent suppf§ea ‘H?Fe wit 4 iReEFeri@longaionradin aceprganeaswith N ght  of
zi nc oxi de i ) nmelt processed at about 120[err]C (i.e.,
bel ow t he Se‘ﬁr@%gr@grﬁ&? §l'erature of the ~ blowi ng agent) for about 5
T Ut es - accor dancRedifieddyvad Gl §AHRUrbBbEL Bal SebSIIREIM LN Was
allowed to cool to roomtenperature. The shéet subsequently f oamed
usi ng a cofiveetermine thespercant @biliehcyl 60therfdam backirgs) the Hegadf eébabalibf 20

nm m nute wherein foam a{gb@started af ter about 850 seconds and maxi num f oam
expansi on dAteehbdl Bearingithen dippped fromse heighy 9§ 45.7 cm was measured. In the n

Bl OB A B B er ™
wasaam xed i Phe EARGERR, VIR 1ol iRt ChATR FFEIC e ofel on °

azodi car boelanirdmaghenwiidh held thobbalvbedrimgaiisvesthippbdt efediienOTRé dFhestbeat

Conpany and about 1 part bg dry wei ght of zinc oxide. The copol yner
was suppl i te pall beasingowash %émnm@erwn%éﬁwmgmewasm gessng riBiné ball of XU

58000. 52 and was_prepared .into _an. agueous, . . .dispersiqn using the

cont 1 nuous REL O Aa e ep bl f  icBlHRR Bleptic tstrsdhditefan percent s 021
and i n copgpdif GusPRhL [ [Wag=1 o \

08/ 630, 187? and 08/ 7%5%%5&@?18%?@%5 ‘?‘Iélingg *ﬁ%??%ﬁrti‘% ?tﬁé%g?ey&n@{rbod?%%%rra&‘%n
was t hérreinghe eequirdd/fonre Was adjmetbdissi redestrphsdf 268hatdridaldree about 12

hours. The resulting 25 filmwas characterized as having a nodul us of
about 7.3 MSSMIAY siUped Qava fixed wertical suppert of thelapprraive uto teagDdRpeTtantdr i ed

filmwas copvenient!|y f i ntroducin it to.,an air . forced oven
set at abog 0%[ g}er%@ cﬁ%ﬂ? g@@é?%ﬁ‘“%?ﬂﬁ&é%‘ﬂ‘d was roted. ThUS, in thig tgstzero

eval uat i _OnFé&eﬁf %@ﬁﬁd&(résnmypmmamf a MR ht!oRY 888 LEHPL® percentN : 2
substantially |inear ethylenel/l-octene copol r having a density of about
-40 - reboundV{Eesgig¢rry) 9/as taken for a height of 45.7 cm. Two values were measured
PCT/ US97/ 202(?5 0. 903 g/ c¢ _and an ASTM D- 1238, Condi tion

190[ er r | & 39 §eRQyte fqrepchinst SperdRenofl hg sk value (lower)gvag the rasdizgdremd
suppl i ed by, T ] ayeF=Ty) . desi.gnat i,on of
AFFINITY PI® %@o%%&ﬁe@‘{@ﬁ?‘g@esseﬁgg‘ﬁ%:‘;bttém%‘-g‘ri&y droppirg et e g0c
for about ddfinebpol stilithe atddigien faluedBGRHbENM)hQE eachEEWhRSWeL L8] SLRE!
was 5 <characterized as having an abrasion resistance in accordance with
DI N-53516 8Fops. The pgrformapcenasults areshoven balownin Tabde6or dance with

ASTM D1003- 61 of about 68 percent, a visual scratch resistance in
accordance with |1 SO 4586.2 of about 0.1, and a scratch wi dth of about
150 mcrons. This nelt processed trans-{lﬁ%léﬁt upper wear | ayer was
separ at el T g ¥ e

Tt T s ST T g et or—adiresre—tartnatet
doubl e adhesi ve tgape t.o Exanpl & 1L.and anpl e M, pripnt, | ayets and_each
| ami nate was heat% P%’%‘ S pressurie I§ 'élf‘EEq"nPo Ex'e\#“ afign XB, 1J afpitsik
H y o POY I Oymer

f oam . olef1 . Textile
lgoam dry gensﬂ:y . 0.400 0.243 g.com3

_Tensile strength 0.094 0.063 N.mm-2
Elongation 170 185 %
Gauge retention unaged/aged 101/98 103/92.8 %
Indentation recovery 97 90 %
Resiliency 27 22 %

The results in Table 6 indicate that both the carboxylated foam backed
polyolefin polymer substrate layer product and the carboxylated foam backed
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Simlarly, a biaxial oriented pol ypropylene film (Exanple 1

I-ami nat ed WQ’ﬁPP’(?F | ayer Exanple 1L. 15 I n a’ﬁ%ﬁ’ﬁ 720255
eval uation, a polyol efin polymer covering |ayer (Exanple 1P) for
Exanpl e 1N transparent upper wear |ayer was prepared by coating an
aqueous diSRRE SiiNRratdRyEPProdlREnREHE e TR0 rARce MhElrd8as: @lgout 40
per cent solids by dry weight and utilized amoni um hydroxi de, was
based on hateeoggdeeueﬂoormgawyéhaegamrw (EAA) copol yrrer cont ai ni ng about 20
wei ght percent acryl iC aC| d and 20 was sup M chel man. The

di spersi on was cast Inven gvalpation WRISRASR P @afyer EX&%ﬁr ) 8§8E %t a wet

t hi ckness o cr and, t:hen dri.e n oven
et at  ab8aYSIe epber ORGSR et B A palnfaln e rnstpne
transpar egbpolymer HaRfHg HE&Hsi a:)f%lboﬁ@@s¢%€7&@sﬁ3rah4@5*rmzﬁwrﬂat ﬁ]cﬁe&ro%tch

wi dt h m&*asul;J &I usi ng aig tylus [ oad~of 0.5N in accordance wth

| SO- 4586- abopil ggtantind#s ahd ainpplnedl&ﬁ'mﬁ Dm@@acﬂmmpimendMam on nean
- weight loss after 500 revolutions with a wheel , Ioaded with al

ki | ogr &m vepignatiomal ENGAFED S}ééé%w%wsaéy mlxgd xtithoabout 2.5 patis byri nut e i n
d 51 t 6. .hLhn o
e hor e Syl o bR 221 35 20a B natnifle Mamical blowing ggent supp&ﬁeéﬁvar st or

conprisin
1300 I[er?]a%?réfj\e ?%%)%,C& ?%g gtr? e{tsﬁy‘ggghg??% r?%&gdc% ?‘%ﬁ( copo yrrer
and a . meupsdcasdedaltlajpotit mat (ed. ydlewethe Heosingpsitionpahperiturenfithg a

density of about 0.901 1
WO 98/ 201 &owing agent) for about 5 minutes in accordance to IS0 1163/2 and formed mto a

PCT/ US9Q7/ 202 err nel t bout /1

it OB menegopich ves s Wl ge B oot tertBeranisR The Shed Rt sutSe i yci o1t
usi ng pot 3§ kANl e%drﬂz% NG erOdRY 8PAbARAI90° and a%a%%ﬁﬁé'sgéb& SPJBBLHQ@S The
resul tant aqueous pot assi m i ononmer di spersion was ast onto Exanple
I N t r anspaneitminppewhessn fdanyiep sedrial afedr 4Houe 86@ secontls ahd ntadRflind foath cr ons
and then dried in an air forced oven set about 70 C for about 15 m nutes.
The resul EXRANEBN syas@chieynd peprARoufgpdl sfeands ayer was characterized as a

339 wheel , | oadod . AR R Bl Blon 28 fofinl dhriplvEr BTN " G

21 gr am ofatﬂmm(npmg Byl_'df‘v welght@%ﬁraqﬁasﬁs mqparse&m fﬁi‘&ta‘?ﬁmll‘?ﬂn@ﬁ@ﬂl‘— 5.0
ny. he' excel | ent scratch and abrasi on resi Stance

obt ai ned ackeriexiopgly mer at@boewm]gencalymdbdosfeirymelghw'es silovixecbwitht hyl ene
acrylic acid pol yner, _havj rel el Cld ontent and
a subst antaibﬁflfg t?\;k@’a‘flrve‘f’ﬁ‘ﬁﬁ‘g%cﬁg Maiﬂﬁé ‘Yﬁé‘?f?‘ﬁﬁ %/1 ‘gﬁﬁ h| gh

1- octene gg.,ﬁg% hﬁ%lgl ] very
surpri si ngf.? Th é@ggﬁgtg]ﬂvgﬁ%@ Al ?ﬁé’m} yur et htan Atdg[)ﬂcgglg'?%\)ﬂ ﬁby ﬁo‘w about 14
15 ngy Tabeeighbofzinobxidei Jhe cbpslymmdeas $upeplivality TheDoaoOhermicahs. These

results are surprising in that_skilled artisans would ordinarily
expect20pol YINRARY upgf.yﬂ;\grdgswngﬁon of XU 58000.52 and was prepared into an aqueous

dispersion using the continuous method and procedure described in US Patent No.

hegt

5,539,021 and in copending applications, application numbers 08/463,160;
08/630,187; and 08/702,824. The formulated polyolefin polymer dispersion was
then cast onto Mylar film and dried at about 68°C for about 12 hours. The resulting
25 film was characterized as having a modulus of about 7.3 MPa and a percent strain
at break of about 1,300%. The dried film was conveniently foamed by introducing
it to an air forced oven set at about 210°C for several minutes.
In an evaluation to prepare a transparent upper wear layer (Example

1N), a substantially linear ethylene/1-octene copolymer having a density of about
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| ow densi t |% pdfs70r high comonomer |evels to exhibit excessiy gg%&Jg%]
| osses in S‘%abrsasi on testing and certain | ess abrasion resi sﬁ!ince that

pol yur et hane topcoat. I n anot her eval uation several
di fferent '8(5'@%0' efin polyner 20 conpositions were investigated as.solid

nelt proce ghed smbrB ATM 54238 Cendition 19080y Bdbdig 12 umbbimdmff alra]exyter in
th ' tion. Table ./ owi d t . escriptiqn t he vari ous

pol yrer - corBeliiDTbnes aad Sreplied B ShEin Chegpier! Ggapany under the

-42 - d§s5i§nation oMRFRAIASAPY. 1880 was melt processed on a two-roll mill at 160-

PCT/ US97/ 20

Table 7 190°C foPabyeat Bl minites yd&thieve HSh@hspdlent sheePOTNdRisulting sheet w4
Scrat ch Scrat ch Abr asi on, % Haze Conposi tion

Har dness charbBetesizeq as havivigdul alsasion resistaiéalinhgccordance WigUBIN-53516 ofm er r ]

at 1 nm ) . %/ ccC Mpa
m crons  about15 mmi.a hags ddgmm in accprdanrgapith ASTM-D1003-61 of apemib8638

| SO 4586- Egskng&é%ﬁ&ﬁ scratd?! M‘séga%]cg n gcco’%‘%x’%@e%%ﬁé—%SﬁZ of abgyt 31, and

2

145 a scrabelPwidth of about P8 microns. This melt Blocessed trar%g)a@%w é‘?;’%i' Wer

70% bw Resin B Exanpl e 2B 65 .

574.9 layer W4 separately heafiarl pressure lamifi@ed or adhesive lamin@®&d with ~ 60% bw
Resin A + 40% bw Resin B Exanpl e 2C 49. 3
0.913 10 doublegrhgsive tape to Exgsnple 1L and Exgmple 1M print layexgand each 84

laminate was heated and pressure laminated to Example 1A, 1B, 1] and 1K foam
backing layers. _

Similarly, a biaxial oriented polypropylene film (Example 10) was
heat laminated to print layer Example 1L.

15 ' In another evaluation, a polyolefin polymer covering layer (Example
1P) for Example 1N transparent upper wear layer was prepared by coating an
aqueous dispersion thereon. The aqueous dispersion, which was about 40 percent
solids by dry weight and utilized ammonium hydroxide, was based on an ethylene
acrylic acid (EAA) copolymer containing about 20 weight pércent acrylic acid and

20  was supplied by Michelman. The dispersion was cast onto the transparent upper
wear layer at a wet thickness of about 400 microns and then dried in an air forced
oven set at about 140°C for about 4 minutes. The resulting covered transparent
upper wear layer was characterized as having a scratch width measured using a
stylus load of 0.5N in accordance with ISO-4586-2, paragraph 14 of about 118

25 microns and a Taber abrasion mean weight loss after 500 revolutions with a S39
wheel, loaded with a 1 kilogram weight and the grit feeder set to 21 gram of
grit/ minute in accordance with ASTM F510-93, of about 6.1 mg.

In another covering layer (Example 1Q) evaluation, an aqueous
dispersion comprising a 1/1 ratio of about 20 weight percent acrylic acid, about

30 1300 I melt index at 190°C ethylene acrylic acid (EAA) copolymer and a

substantially linear ethylene/1-octene copolymer having a density of about 0.901
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30% bw Resin C + 70% bw Resin B Exampl e

, 2D
47. 6" wopsgon7 - 127.2 126 0.1 FRCT/USH720255g -
76 60% bw Resin A + 40% bw Resin B Exanpl e 2E

47.6 0.916 66. 9 142 0.2 33

3% 3 g?Q:./%lH&’aRQﬂrﬁlt@qdex of about 16@9%} Wnﬁ%%‘a‘? 150°C was Er@&’i‘@&%?o(}?':

76' }ﬁ%énb‘sbmbyl dB We1ght usmg pdt@%tlnw HyelrbxidB and conveﬁx@m}l e 2G

49. 6 0.916 0.1 44

84 dispersian Rediniques+ The resultant aqumw m§$5ﬁ113 ionomer dispersiprewas|

1.6

71 ceﬁfo;erﬁwjﬁﬁéme ]‘Tansparent “PESB/WGW fayer t gwet 8“3*1163% 8%‘?‘3‘*2@8

58

14 5 m&r%o%yq% len ndr].:e%zlpt o air f_:ogced ?\;&Qg.lﬁ_et about 70° C R)rsabou}dS minuted62

0.902 The reBBting covered tra'lx@ arent upper wefr ﬂayer was charac9e51zed asahaving 68

100% Resin B Exanpl e 6 938 157
123 a Tabed aBrasion mean we&@t loss after 500 revolﬁﬁons w1th a 539 Wb@@l’o Redeah C
Exanpl e 2J 150

0 3 with adlglogram welght and ghe grit feedPr set N@Tbm iof] ggt/ minutein  Resin A

APPRYL PP, 0 ﬁg% e Sd‘.‘?gl i ed by Atochem Resi n
= AFFI Nlaf%g)%%g% Wéﬂ‘sh‘%s anti a 0f?énear hyl ene/ 1- oct ene copol yner (1 12
'V”- at {90C and 0. 903 Ha/ e@c@elﬂz‘ﬁ%{srb% and abrasion resistan@\6btaiteBEIitRiky The Dow
Chem cal Conpany. 5 Resin C = PRI MCOR 1410, an ethylene acrylic acid
copol yner covrtiag |héiwgs hmdtoredi'speﬂsipwof ethyrlerie arr&hct acid edpblymeardaxing [ err]
melt index of, apo /10, m nut es nd Su | emcal
Corpany. - refatively Hgagicyf ackbryriecancde setoaalbinden e UadRA py
copol yner ( r]
mol | ndex EEp 3ty BgHEn FHfieR cHhierR T4 Ufye qgfaﬁ"?‘&?g??%ﬁ%ﬁﬂ%%
Cheni cal GasFpanyprising. That ls,Re@dnveEnénsﬁlﬁﬂLWeﬂ?ﬁ% toptoatvWilllshoer aiutagryl i c
acid i onomer neutralized with a zinc netal salt and sup%l i ed by 10
Dupont 15Chengckaberabygsiop, weight loss under the same test conditions. These results are
surprising in that skilled artisans would ordinarily expect polyolefin polymers with
low :1ensities and/or high comonomer levels to exhibit excessive weight losses in
abrasion testing and certain less abrasion resistance that a polyurethane topcoat.
In another evaluation several different polyolefin polymer
20 compositions were investigated as solid melt processed polymers for use as a

transparent upper wear layer in the present invention. Table 7 provides the

description of the various polymer compositions and their respective properties:
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-43 - wo og MEoSLAI M | 1. A nuitilaver wﬁé# e%?@%ﬁe—to_

e
cushlon foa oof or wall covering conprising a top |ayer,

| ayer i ncl udes: (a) a transparent upper wear |ayer
conprised of at |east one ' melt processed pol yol efin pal yner
or at |east one soivent dispersed Table 7 pol yol efi n pol yner or

bot h. Polyolefm Polymer Shore D (W%W
pri nt | aYErl Composition Hardness C@Jﬁw S%dgfls at Vf’x&ﬁlSt 0ﬂ§,,,p0| g l\-r n pﬁmr
and inter poseor bel ow glec tfs tr arepas ent upper wear | ayer,

(c) an opf"F'(?fh’a‘}d rrel P‘Nﬁ?&@cessed poﬂ%P@fl ﬁﬁoﬁéﬂ&ynﬁo-‘*@frztewwﬂa@ ASTM- D1000*”1

i nt er redat-e d ow—t-he—p =

wher ei n thg\;mﬁ,(,,@ngggarent apper 'vvear I ayer andI? he pr %1 averSa have a 8

conbi ned 7% bv Reless of from 50 to 800 microns and the optional
I nt er medi aﬁtae\pllea?yer has @& thiwkness ¥49 fromB to 502 m croms, and waerein
the top Ia?‘%{" %‘“‘r"gﬁt egrated with a f oamed backing Il ayer conprised of a

| at ex conpQsl Ekon a meld, procggsed jpppl yol ghin conposi tion,of at |egast
one pol yol m‘%lbnnpalcyrrer or a sol vent d| sper sed pol yol ef i n composition of

at | east oré* pokesiot ef i n 7po| yner, . a wherein the at | east one
pol vol ef i T338F Shrer, of af” east°96?’ne I aﬂ?‘@r sel é€ted frdmthe *group oféthe

m A +
t ranspar ent pdppPelissvear | ayer, the print layer, the optional internediate
Example 2E 47.6 0.916 66.9 142 0.2 33 92
30% bw Resin D +
70% bw Resin B
Example 2F 433 0.932 54.4 136 0.2 80 76
60% bw Resin D +
40% bw Resin B
Example 2G 49.6 0.916 116.4 144 0.1 44 84
30% bw Resin E +
70% bw Resin B
Example 2} 51.6 0.931 168.4 143 0.1 635 71
60% bw Resin E +
40% bw Resin B

Example 21 58 0.9501 220.4 100 0.5 162 44
100% Resin E

Example 2H 44 0.902 ND 150 0.1 15 68
100% Resin B

Example 2] 51.6 0.938 157 123 0.2 49 36
100% Resin C

Example 2] 43 ND 27 150 03 650 438
100% Resin D

Resin A = APPRYL PP3050NMI, polypropylene resin supplied by Atochem

Resin B = AFFINITY 1880, a substantially linear ethylene/1-octene copolymer (1 I2 M1 at 190°C and 0.903 g/cc density)
and supplied by The Dow Chemical Company.

5 Resin C = PRIMCOR 1410, an ethylene acrylic acid copolymer containing about 9.5% by wt. acrylic acid and having an I

melt index of about 1.5 g/10 minutes and supplied by The Dow Chemical Company.

Resin D = PRIMACOR 5990, an ethylene acrylic acid copolymer containing about 20% by wt. acrylic acid and having an I
melt index of about 1,300 g/10 minutes at 190°C and supplied by The Dow Chemical Company.

Resin E = SURLYN 1702, an ethylene methacrylic acid ionomer neutralized with a zinc metal salt and supplied by

10 Dupont Chemical Company.
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rei nforce when present, and the foam backing | aygi. ‘
BT s
)

subst anti al r ethyl ene acterized as haV|ng
| ong chain branch/ 1000 ﬂlﬂ“{v@ ﬂllﬂnm (i
flowratio, I[err]/I[err] [ (i)
nmol ecul ar W& GhAIM:st ri buti on, I\/[err]/l\/[err] as determ ned

by gel perneation chronat ograghy and defined by the

equati on: (Merr]/Merr]) [err]
(I[err]/1[err]) - 1.63 extr.usi on

fheol ogy Such t hat tlhe c r‘A‘ fnuég%aygﬁreg}hent f:ushlon %am)ﬂoor 3 940 ¢ covering at
onset of SéHxﬁ%ﬁﬁn l&Egﬁéf&twhgréﬁfhéﬂgglﬁ}‘él%é‘l@xﬁbé’e' l'y

| i near ethylehe p Is at |east oercent geater than

the cridical shear rate da)the traxsphret uppef aeer laykt cdmprited of at least one
for a linear ethylene polyner, wherein the substantially

| i near ethyl ene pol yReit ‘P@SW%P(PIVﬁ@é}F‘}&WPéﬁéabIGP%ﬁ@I& solvent dispersed

conori se the same co cono r

l i near ethyl ene pol Y&%§§E£ qf%ﬁnﬁq%[err]lw[err] and density

W Lhin ten percent of t heppubshaBlyetk kispekdds AERVESRSsed printlaver
& resoecti ve

a nelt

a
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critical shear ratescofprised of atldast enlé)pblamlefﬁul ]%qiyfnelaaﬁd igfelydsedefal y ner
and the |inear et hyl ene polymer are neasured at
the sai® nelt the franSParentuPPerwearlab’éhﬁé ature using a gas extrusion
r heonet er, ( | e di ffe entd al ,scannin
calorinmetry, DSC, nelti ng(c) an opt)onaiimellt ocessed po Yob%f p%l W R tg% and

150[err]C. and intermediate reinforc¥hent RySh@iérpobed BelBWﬂEg:‘rﬂﬁ layer,
di stribution index greater than bout 50

percent, owheaeihm}mgansqmrehg/u}bpermémdayérramirﬂletphmtéa}&r[hawmeonﬁjnmdact erized
as having g nol ecul ar weight distribut %n | ess Ehan SC‘E\nd as t chai n
br anchi ng @Pglfrr%ef ?raﬁn 5%8@8@ Ogisapng ébm%? efRLipnet Interme ete;%@f%,r

€ %L]%!#sggffro %?(fE ?Jrox% %&\@x&her\é’nﬁh@ thH%rH%ﬂltéﬁXﬁ{? x!v

|ht egra?ed W ex conpositi
covering ofodshéd Backingheetomphised aﬁwﬂﬂe* ed:ﬁposmon, a melt processed

rrultl | ayer

polyolefin composition of at least one polyolefin polymer, or a solvent dispersed

polyolefin composition of at least one polyolefin polymer.

20 2. The multilayer covering of Claim 1, wherein the top layer is

integrated with a foamed latex composition.

3. The multilayer covering of Claim 2, wherein the foamed latex
composition comprises a carboxylated polymer.
25 '
4. The multilayer covering of Claim 3, wherein the carboxylated

polymer is a styrenic polymer.

5. The multilayer covering of Claim 4, wherein the styrenic polymer is a

30 styrene butadiene copolymer.
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conmpasi-t i oamR{drSes al mﬂ, tigd ol yner. . 4 perrushigoass
mul tilayer covering of /@ I ﬁ t he carboxyl at ed polymer is a
L5.m s

styreni c pol yner. mul tilayer covering of O aim4,
wherein the styrenic polyner is a styrene but adi ene copol yner.
6. The nultilaver covering of Claim1l, wherein the top l|ayer is

i nt ted wit f d |.at it f oangd t di d
composi t1 on" anf ¢ he BEFULHATET CARTEE SRR I IR 04BS (9P BiERScal bl ow ng
ggent The u%g{glt%t%r C(f)verl ng{égéféy&qg?s?nn%]?b%gr)%flgﬁg Eeggﬂ%fgr%rggabi oW ng

agent is aspghiosRioacRihdSeRBfdBEM\@Ngbdsiitors RIEOAt Henis MG agent

8. The nul'tilayer covering of Claim?2. wherein the foaned | ate

conposht i on niisraspberesicokdning talvcdatile gompauesi or. both.

-45 - 9. The nultilayer covering of Claim2, wherein the
foamed | atex conposition is fornmulated with at | east one organic or

| ic filler. . - i f imo,
Pherorn the at 1 easthemalpiaRecovdliy Bihim® MperBihe Apdicalbwing
The mul ti lgueris aey@chfbramigt ahdtde vaEar@é&n¢&%&§s is@@hnone pol vol efin

pol ymer of "the transparent upper wear layer is a substantially |inear

et hyl ene pol yner characterized as having (a) a nelt flowratio,
[[err]/1[err] %err],E.GB, i ) . i
10 . The multilayer covering of Claim 2, wherein the foamed latex

composition is crosslinked with an epoxy resin.

9. The multilayer covering of Claim 2, wherein the foamed latex
composition is formulated with at least one organic or polymeric filler.
15
10.  The multilayer covering of Claim 9, wherein the at least one filler is

high density polyethylene.

11.  The multilayer covering of Claim 1, wherein the at least one
20  polyolefin polymer of the transparent upper wear layer is a substantially linear
ethylene polymer characterized as having
(@)  amelt flow ratio, I15/I5 2 5.63,
(b)  amolecular weight distribution, M,,/M,,, as determined by gel
permeation chromatography and defined by the equation:
25 My /Mp) < (I10/1p) - 4.63,
(c)  a gas extrusion rheology such that the critical shear rate at onset of
surface melt fracture for the substantially linear ethylene polymer is at least 50
percent greater than the critical shear rate at the onset of surface melt fracture for a
linear ethylene polymer, wherein the substantially linear ethylene polymer and the

30 linear ethylene polymer comprise the same comonomer or comonomers, the linear
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~(b) ., a nWhgf97V\Bl ‘I Merr]/ Merr], as detgusemesssby gel
pernmeati on chromat og H ”'ﬁ ﬂ’ m’ by the equati on: -
(Merr]/Merr]) [err] (I cerc (c) a gas
extrusi on rheol og)f such that the crltlcal shear rate at onset of: surface
mel t fracttiivienedqolymer Bagan bonapd My/ MaigBhindenRperseat pbthpfabstantially | east 50
percent greater than the critic I shear rate at the onset of surface nelt
fracture cparepthvlpp@@gl(yr%qrwqdew gfﬁe‘ieSPW’ﬁ‘éIFépﬁc% eq FdespRthal |y | i near

comnoner “or B sk Stnv#éa”f&% ot RS 4R [or) anc
Merr]/ Miablredl dt ThésdrR mRe tefiPeruré nﬁnglabg;ah s@Rirh8idnheor frkt%}lear ethyl ene

pol ymer and wherein the respective critic ear rates o

substagtial Iy {d)neas siegleydifarerpial yeapnimgchlotimetiynBSC, atetyhe pealpbdtyen are
nmeasured at the same nelt tenperature using a gas extrusion rheoneter,
(d) a sirtpnsd HoP OF€ernrcht i al scanni ng calorinetry, DSC, nelting peak betvveen

-30 d 150 .a. t hi di,stri buti
i ndeingr eat [erer %an %Ellb‘iﬁt chn braﬁ%ﬁ%@ﬂf&né?%mc e?rl(ﬁr’]fﬁ EEB%EI%‘?Q%’“BLP n(r:Iheg on

| i near et ?g{.c@ @opol ymer characterized as having a nol ecul ar wei ght
di stri but ess than 3 and a short chain branching distribution I ndex

equal to arhogtli@tneﬁuﬂ?&mﬁ&eﬁémeﬂéthylene polymer characterized as having
46 - The multilayer covering of Claiml1l. wherein the

horrogéﬁeoé@@lef-‘lﬁiﬁaW@kgiﬁ dl$fﬁbéfloét1¢ﬁ§ltb@fé3 pofl rabert chajrybramehingdisaihugionzed as
havi ng a w%n%ufgﬁ‘ér(raérl%g;teﬁhansgﬁgglgcg%%cal onmmetry, DSC, nelting peak

bet ween - The multilaver covering of Claim
1, wherein the honogeneously branched |inear ethylene polynmer is further
characterized as having a single differential scanning calorinetry, DSC,
mel ti ng peak bé2weelihe dGultlagel 6@fering . Claim 11, wherein the homogeneously

branched linear ethylene polymer is further characterized as having a single

15  differential scanning calorimetry, DSC, melting peak between -30 and 150°C.

13.  The multilayer covering of Claim 1, wherein the at least one
polyolefin polymer of the group of the transparent upper wear layer, the print
layer, the optional intermediate reinforcement layer and the foam backing layer is a

20 substantially linear ethylene polymer characterized as having

(a)  amelt flow ratio, I1o/1; = 5.63,

(b)  amolecular weight distribution, M,/ M, as determined by gel

permeation chromatography and defined by the equation:
Myw/Mp) < (I10/1p) - 4.63,

25 (c)  agas extrusion rheology such that the critical shear rate at onset of
surface melt fracture for the substantially linear ethylene polymer is at least 50
percent greater than the critical shear rate at the onset of surface melt fracture for a
linear ethylene polymer, wherein the substantially linear ethylene polymer and the
linear ethylene polymer comprise the same comonomer or comonomers, the linear

30  ethylene polymer has an I and M,/ M, within ten percent of the substantially
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14. The rruw(;J,@@h cover| n wherein the transparﬁqtmggp,@(yss wear.
| ayer conprises at Iea “ﬁawm’e or ethylenc and at |east one -
carbonyl - cont ai ni ng co The nul tilaver covering of
Claim 14, wherein the at Ieast one |nt erp ymer of ethyl ene and- at 1 east
one car bokggar &yl %%Pﬁ’d%r?éﬁ’o‘h‘@?feﬂ% threspeqtivylcaiticalesbegt ratesat thecopol yner .

16. Th erein the tr ns arent upper
wear | asegrﬁqsténﬁlr%\eﬁggr geo}’eé—‘%%,eap W%& agétq‘%\ﬂ ﬁ’&:‘&nﬁ PeRER
17 . Thges8%eliaf thodarkd ﬁielr@té [pefeﬁh?é Usﬁ'lg% g%ars%'ﬁﬁﬂ ﬂf}hebﬁggéf wear | ayer

conprises a mxture of a solvent disperse terpo yner hyl ene and at
| east one [(Eh)r] .qd eingle-diffesintiabtemthniggaioniietandse, ﬁﬁﬁt&/zﬁﬂpeéi& Baeveegd

substantially |inear et hyl ene pol yner characferized as ‘havi ng

(a) @ mwtanﬁllé@Qréﬂ% [[err]/[err] [err] 5. 63 (bl) a
nol ecul ar wei g d| St.ri on, errl,/ det erm ned by ge

per meanon chr ofrat odt Eﬂéﬁ’l I\‘/1I hlﬁ’\;/‘[‘g ,ggpter than 50 percent or

ext
critical shedeculatweightd®€bulidn less than 3 and a short chain branching distribution

f L|\1/[7e rr 11" M Rbfoleh&dsty E}Jn%{-n%% ’ilh[?gxr ég%%lene oﬁﬁher char 13%6%}1 B RAVIRE A ¢t he

index equal to or greater than 50 peicent.

10
4. Themultilaver covering of Claim 13, wherein the homogeneouslv
branched linear ethylene polymer is further characterized as having a single
differential scanning calorimetry, DSC, melting peak between -30 and 150°C.
15 15.  The multilayer covering of Claim 1, wherein the transparent upper

wear layer comprises at least one interpolymer of ethylene and at least one

carbonyl-containing comonomer.

16.  The muitilaver covering of Claim 15, wherein the at least one
20  interpolymer of ethylene and at least one carbonyl-containing comonomer is an

ethylene acrylic acid copolymer.

17. The multilayer covering of Claim 1, wherein the transparent upper

wear layer is prepared using a mixed cation aqueous dispersion.

25
18.  The covering of Claim 1, wherein the transparent upper wear layer
comprises a mixture of a solvent dispersed interpolymer of ethylene and at least
one o,f-unsaturated comonomer and a solvent dispersed substantially linear
ethylene polymer characterized as having
30 (@)  amelt flow ratio, I;p/I 2 5.63,
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surface nelt fracture for¢at ™"l iheat ethylene pol yner, vvherel n the
substantially |inear ethylene p mer and the | i near et hyl ene pol.yner
conprise the s@re comMORSHEAT V(ﬁlgbﬁ%ﬁéﬁm/ MhéMy aedeterminedihygadne pol yner
has an I[err] and Merr]/Merr] wthin ten percent of the substantially

| i near ethyl ene polgﬂmeaﬁﬁﬂ chrrenatograply anddelined by & equationshear rates of
t he substantially Ii r v, mer and the |linear ethylene
AR |

pol ynmer are measur ed tenperature using a gas extrusion

DS, el 1 ng plSkk HegREErosich by duich REFRg Pic ARy e rPoseh F 1Y
(e> g & Sasmcec[h@m PraPhAB Y tAY sz&BﬁﬂxQW hﬂéhr'é&ﬂ\j\ﬁé P%Sixﬁé rib Q@l’éas:t%oper cent
5 ere e

mul tilayer covering of Cl"aim| print layer is
f oarred. percent greater than the critical shear rate at the onset of surface melt fracture for a

- 48-
linear ethylene polymer, wherem the substantially linear ethylene polymer and the
linear ethylene polymer comprise the same comonomer or comonomers, the linear

ethylene polymer has an [; and M,/ M, within ten percent of the substantially

16  linear ethvlene polymer and wherein the respective critical shear rates of the
substantially linear ethylene polymer and the linear ethylene polymer are
measured at the same melt temperature using a gas extrusion rheometer,

(d)  asingle differential scanning calorimetry, DSC, melting peak between
-30 and 150°C, and |

15 ()  ashort chain branching distribution index greater than 50 percent.

19. A method of making a multilayer flooring or wall covering

comprising

20 (a)  providing a top layer by
i. solvent dispersing or melt processing at least one
polyolefin polymer to form a transparent upper wear
layer;
ii. solvent dispersing or melt processing at least one
25 polyolefin polymer to form a print layer with a back
surface and interposing the formed print layer below
the transparent upper wear layer with the print layer
back surface exposed;
iii.  optionally, melt processing at least one polyolefin
30 _ polymer or providing a textile material to form an

intermediate reinforcement layer with a back surface,
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. and interposing the optional intermediate reinforcement

layer below the print layer with the optional

intermediate reinforcement layer back surface exposed;

(b)  foaming a latex composition, a melt processed polyolefin

composition containing at least one polyolefin polymer, or a

solvent dispersed polyolefin composition containing at least

one polyolefin polymer, and

(c) integrating the top layer at the print layer back surface or at

the optional intermediate reinforcement layer back surface to

the composition of step (b) during the foaming or after the

foamed composition is cured.

The multilayer covering of Claim 1, wherein the print layer is foamed.
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