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The teachl R R9s of US 3,058, 944; 3, 336,268; and 3,530,108 i ncl ude

The invention includes a process of prepanng a coupled polymer comprising heating an admixture containing (1) at least one
interpolymer of an alpha—olefin and vinyl aromatic monomer and (2) a coupling amount of at least one poly(sulfonyl azide) to at leas:
the decomposition temperature of the poly(sulfonyl azide) for a period sufficient for decomposition of at least 80 weight percent of the
poly(sulfonyl azide) and sufficient to result in a coupled polymer The polymer preferably comprises ethylene, and a vinyl aromatic
monomer, preferably styrene. The amount of poly(sulfonyl azide) is preferably from 0.01 to 1 weight percent of the mterpolymer and the
reaction preferably takes place at a temperature greater than 150 °C, more preferably 185 °C, The process optionally and in one preferred
embodiment additionally comprises steps (b) fabricating an article from the coupled polymer and (c) cross-linking the fabricated coupled
polymer. The invention additionally includes any composition produced by a process of the invention and any article made from the
composition, preferably articles formed from a melt of the composition, more preferably by blow molding, blowing a film, foammg, T
profile extruding, most preferably to form a coating for wire or cable, a tube, a gasket, a seal, roofing, or fiber. The article is opuonally
calendared. Addmonally, the invention includes the use of compositions of the invention as starting materials for forming processes in
which the composmon is melted and especially in blow molding, blowing a film, foaming, or profile extruding, most prcferably to form &
coating for wire or cable, a tube, a gasket, a seal, roofing, or fiber.
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the reaction of certain poly(sul fonyl azide) conpounds with isot '
pol ypr opy [WR&%9428t her pol yol efins by nittene insertion int OPE&Q%%/I&B
bonds. The product reported in US 3,058,944 is crosslinked. The pr oduct
reported in US 3,530,108 is foanmed and cured wi th cycl oal kane-
di (sul fonyl azide) of a given fornmula.-In US 3, 336,268 the resul ti n% 5
reaction produRHEOLEFE NODIETEATIONGOR JINTERPIFMERD AT ARPEA-OHEEHR AND VINSE| yner
chains are "bridged" wth.sulfonamgevhticeesomerye di scl osed process
i ncludes a mxing step such as mlling or m xing of the sul f onyl azi de
and polyner in solution or dispersion then a heating step where the
tenperature i s sufdfiisCifgtntiondeatpese cbheplity of qdloratias| deoxrelOO0[ err] C
to 25[err] dependjng.on_the.azi dec esitiaQn . temperature). The
starti ngspoli?%ﬁ)gfﬁag‘&g ‘f)%ufp?rlnré? c%gpof ée)lrgc% g? med 2 mseﬁ%%l{e@'s'&%acsargg?ml ecul ar
wei ght of athydeasén XCSEDGENABL ends taught in US 3, 336, 268 have up to
25 percent ethyle r S r PR W o e
3, 631, 182 t aught ﬁeugﬁggy%%quﬁéﬁ FEBE rhegioay ?‘%?lféygiéis‘ﬁ‘?n %%Egse%hg@e th
pol yol ef i ns.melti VERFoStisy eaf Papelymer3as| persrpingghby tdyaamic mgsbanjicagyl f onyl

azi de and azg'(ﬁi@tpég&tpef.cmw% Oné as! gmength incrbBSIORL BSti CS
mat eri al (PP (‘pol ypropyl ene), PS (pol ystyrene), PVC (pol y(vi nyl

chlori déP) &dntatRingFeedeoRi theeruBh¥asEpsl (FPebbtit diecosity pmdured @y a2 20
EI:_mél g{) gyiStS&ﬁ_ate?@Of}iomgﬁa@/{seeamam?_'@;att;aat o D61 Prlefc @fca%aﬂ(% more r1rerrb8ro<7)1;S
: , i.ncl ude rheol ogy, nodj fication using fromO. to 0.
wei ght per ce’%ﬁSlﬁ’éﬂf(es GPf %?ﬂﬂtgéﬂ%%'rﬁ? r?&ﬁf’ﬁ):lﬁf)'n%{)é'\og]ﬁ%? p&Y'“erpSFy%‘?“hyl ene

and its bl ensheairt bompliltyoso ithygt eive viscosity measu€efpeavdianghddrSof Ratlenid/sec
Appl i cation Lal 8 4 0 4 t . August
27 1997 di & %ggﬁt#gugggg %‘f"gpé"’?‘%? ées f}ﬂ% gétpf)lct)l 5% §§1£?o%’§%%%a§?‘gdel§g%sn'd

ot her rd&ctive mabPehicdeiing arpofzfquartly rheplgynpedifiind|udinggninsedepuiviener s

of vinyl ar offumi ScFRROIRISIVARE AldrNBadicals QrftirkPSd for instance Jdingoul d be
desirabl e to have _pol yners rheol ogy nodj fi'ed rat her 30 t han_ crossl i nked

(that is haWSTO¥EesS Fhhie PEFSerrdyRtions TAYPR frmistriespinvaiving
extracti on speei tadiddly ghyerdbhbh 2£68)evadddaténageatistas, also deghdd pRE yNer s
of al pha-ol efins. . and vi.n ar.omat i.c_nononers woul d e>géir L

shear thi nnirﬁogleggn%%rwéaagvé t F°F ﬁ%lasla 'bnolpf? resrsng?ntainin%oupPé%rylr;%/@?%reqen
practi cetof sush hsveniltystywenelr pdlmabbyler®, ppolveshybine copolymers etc.
The reaction of polypropylene with peroxides and pentaerythritol
triacrylate is reported by Wang et al., in Journal of Applied Polymer
Sciencé, Vol. 61, 1395-1404 (1996). They teach that branching of
isotactic polypropylene can be realized by free radical grafting of
és di-. and tri-vinyl compounds onto polypropylene. However, this
approach does not work well in actual practice as the higher rate of
chain scission tends to dominate-the limited amount of chain coupling
ﬁhat takes place. This occurs because chain scission is an intra-
molecular process following first order kinetics, while coupling
30 chains is an inter-molecular process with kinetics that are minimally
second order. Chain scission results in lower molecular weight and
higher melt flow rate than would be observed were the branching not
accompanied by scission. Because scission is not uniform, molecular
weight distribution increases as lower molecular weight polymer chains
35 referred to in the art as “tails” are formed.
The teachings of US 3,058,944; 3,336,268; and 3,530,108 include

the reaction of certain poly(sulfonyl azide) compounds with isotactic
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35 the invention would result in nore consistent coupling than nethods of
coupl ing i WOIA0AY free radicals, that is use of the sane re§&TM9§’162‘3

- 2- amounts and conditions would result in consistent
anounts of ‘coupling or consistent (reproducible) property- changes,
especi ally consi stent anmounts of gel formation. Preferably, rocess

woul d be | espokypispexiene or gthegirdypiefingnpy H&tﬁF%%éﬁ‘éér‘b‘Pnok?ﬁbﬁ han

woul d a couphbhiu .Of Te bhs&kag)feﬁ&cileﬁl i:xatrjsoa 098y 0k ¥ i 110 cegantinked] chngener at e
free radicals. | yners coupl Eoe'“?‘/?\?‘reactlon wi.th couplin
h

agent s accorH’F"i’fh“"'Forepm:te‘tih‘é1 H?a%'ﬁ38e1%8f s eAtT SHEBYVERT BT  Kav e
at | east onedOfsulfonyl hzesee)deﬁl aadslvenpmmanal egnavsl nBeé 2eBbkye havalting
desirabl e conbl%slt i ons ese,hroneri The invention

of "
i ncl udes & pf 8% é’no‘froﬂugf)%ralrﬁg ec%upl e°d brlgged pc’ll"mersrrpb'ia'%all risg heat i ng
an adm xt ur epshyezi chaiigps( d3e a\‘briw wirh sulfonamée pudlylm offhandizkpdsed
ol efin and vj ro ( a t174 of at
| east one pokp%seugf %Udagr%qﬁgt?%g g’? g?e%%cth ﬁemll%_lg&g’q cllg%g%l #2%111 ©
t enper at ur e ehlidnrlpaidg su fredyren indeglutden opEipprrsion thesuﬁfl‘llf@itém for

deconposi tioge&f wakrl adnt t&&ae‘ﬁ’a{:\gﬂl iBes et iffr kBeaecompod®lehesul fonyl
azide) and sufficient to result in a coupled pol yner. : The pol yner

preferably. eohfamyviazidst H¥PEReto 225° sdleppnyingapnrtdie gzide deqapwpesition
pr ef er abl y SR:¥IE;?€]:%turJ)he %Hé)lé@ar@{ngp% {ri’&}é p@i‘yngiﬁ*) f!::s t%g c1d3f %Iier abl y

from0.01 to 1 weight percent of the Interpolymer and reaction
preferably taK@%eSGI a%% aaf“°hectuéﬁﬁe"f%ﬂgmie°§raéa%%ar5tt Ré%r 0PQO[ dtiepds taught jppre

preferably 186 {653k]$ss Haoe RiPEESSS %Eea&aleltuymd bfbﬁlign@rcﬂfaﬁférﬁ‘éi
enbodi ment additignal | ri ses ste an_art
from the coupl ed HBFEI?%P%E% Earert 858?}11%) nba‘{ 8a?fed‘zé6%pﬁ°é“ﬂa"2‘5
pol ymer . 15 Théor muestl inkiagopdliyohafing . | i tedieSt atep emm5|13m18 taught the
use of sulfonyl azide and azidoformate compounds to crosslink of
thermoplastics material (PP (polypropylene), PS (polystyrene),PVC
(pbi&(vinyl chloride)) and their blends with rubbers (polyiscbutene,
" EPM, "etc.).
20 “* similarly, the teachings of Canadian patent 797,917 (family
member of NL 6,503,188) include rheology modification using from 0.001
to 0.075 weight percent poly(sulfonyl azide) to modify homopolymer
polyethylene and its blend with polyisobutylene.
Copending U.S. Patent Applications Serial Numbers 08/921641 and
25 .08/921642 both filed August 27, 1997 disclose the use of peroxides,
poly(sulfonyl azides) and other reactive materials to crosslink
polymers including interpolymers of vinyl aromatic monomers and alpha-
. olefins.
It would be desirable to have polymers rheology modified rather
30 than crosslinked (that is having less than 2 percent gel as determined
by xylene extraction specifically by ASTM 2765). Advantageously,
interpolymers of alpha-olefins and vinyl aromatic monomers would
" exhibit higher shear thinning compared with the same pdlymers not
coupled by the practice of the invention. Preferably, a process of
35 the invention would result in more consistent coupling than methods of

coupling involving free radicals, that is use of the same reactants,



obt ai nabl e by a process of the invention and any article made_fromthe
conposi ti oWOP¥HKMRY ably articles formed froma nelt of the PCT/USO8/16713
conposition, nore preferably by blow nolding, blowing a film foam ng,

or profile extruding, nost preferably to forma coating for wire or 30
cable, a tube, a gasket, a seal, roofing, or fiber. The article is
optional |y caimends @dd C%MP%&'PPW neRult e APIIFEERE 1 ATQERt S 196 ERWPling

of conposi ti %Sc&isfs%nt NMRBELAI B3 e P lptb Feﬂ% FRARdsA| 8sfediial OF fBnglstent
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pr e}‘ er abl ]}/ t ad eff@c.&.sceﬁém RBefl Pfeddht® ¥ ofpd¥rerhén twohed 28 cgaskitig, of
sSea roor.I ng,

Practice 8f t‘ﬁ’€°?‘?%ﬁ'9iibﬁ“ia§18'bp’l’\v8%’rrt9 gy "PhE FEPFasT j free radi %ﬁzﬂfﬁer

whi ch has at | east one CH bond that can react with azide particularly

i nterpolyners of v rQ I - i

i nt er pol yners enpl%)é}é'&ers <{%ghgre ent 1 ﬁ\?gn |t%n9§‘%cﬁlﬂgeagcén%gs%§f§%% & y
random i nt er pdiey peacr igreplrtde blyvq@@hymdwzmmyegnelxomave at gppsgt [operdf ol efin
mononers wi th A8 Cl@O&ﬁxsﬁgﬁfe YL &eQMBAd ©rUPAOIRY ShdAC esiranll SRSkl o gred

aliphatic or hati ¢ vinylidene nononers;, and - optionally wth
ot her pollymar‘?fz&bﬁ%e é’trﬁy?@"ﬁe@al |y unsaturated 10 nononer(s).

Suitable [err]-ol efhd 1mmslhﬂ(itldﬁgeafﬁbc@é@@?'ﬁveﬂa@iﬁd -20k6ip1d polymer
nmononers containing from?2 to 20, referabl%’/ from2 to 12, nore

preferably freAfPoisiPyheatich 28 X wre CoPTE P 88 cH nBRotAASE Pl ude
et hyl ene, pr omteepslyniett 8near alghdetbyin lanpevingeardr@x et achones] ahl (2) a

W th Cos [ert]PrE (IR sl 1R SrerrRetaatanr s3hedl sLAY dFaRa e
15 decomposition temperature of the poly(sulfcnyl azide) for a period
sufficient for dgcompos;tlon of at least 80 weight percent of the
poly(sulfonyl azide) and sufficient to result in a coupled polymer.
The polymer preferably. comprises ethylene,_and a vinyl aromatic
monomer, preferably styrene. The émount of poly(sulfonyl azide) is

20 preferably from 0.01 to 1 weight percent of the interpolymer and the
reaction preferably takes place at a temperature greater than 150°C,

more preferably 185 °C. The process optionally and in one preferred
embodiment additionally comprises steps (b) fabricating an article
from the coupled polymer and (c¢) crosslinking the fabricated coupled
25 polymer. The invention additionally includes any composition
obtainable by a process of the invention and any article made from the
: compqsition, preferably articles formed from a melt of the
'coﬁposition, more preferablY'by blow molding, blowing a £ilm, foaming,
- or profile extruding, most preferably to form a coating for wire or
30 éable, a tube, a gasket, a seal, roofing, or fiber. The article is
_gpﬁionally calendared. Additionally, the invention includes the use
uﬁ.qf ;ompositions of the invention as starting materials for forming
 :Q;oceéses in which the compdsition is melted and especially in blow
molding, blowing a f£film, foaming, or profile extruding, most
35 preferably to form a coating for wire or cable, a tube, a gasket, a

seal, roofing, or fiber.



noi ety. Suitabl e vinyl aromatic nononers which can_be e IO}/ed to
prepare tMOPHIMRhol yners enpl oyed in the bl ends include, fofCHYS

t hose represented by the follow ng formul a:

Ar [err] wherein RL is selected fromthe group of ‘radicals

consi sting of hydrogen and al kyl radicals containing from1l to 4 carbon
at ons, preferably hydrogen or nethyl; each R2 is independently selected

from25 the gr O%agtué@(yfc@llxé 16005 Sl 0g éyplha{siﬁ%gea adeddsbraqdiccal s

containing from1 to 4 carbon atons, preferah %IP drogen or nethyl: Ar
is a pheny) RelwReF shighgiengt J@""SEFP%SSFR‘{T% R Fﬁnf?e@ﬁfl‘“tt& 321de

substituent spﬁeh&sataqdyf IO bEB@ES UPE Gﬁﬂﬁl Sirbfige 1f mbabrﬁerscanelaabkad
and Cl-4-hal oal kyl; and, n has. a val ue

0 to referably. fr
zero to 8, MIEEL eFEFa’o‘Fer‘éJr‘G“ers @%V :]-Enym\“ ﬁ?/lprﬁfs?rgtlpge’?ﬁr?f}rrb??ug]e
i ncl ude st yrsaibetamiaylyt:aindenejnteepsiymers pephyed vy, polhiretyzigt ynene,
chl orostyrene, including all isoners of these cor ounds Particularly

sui tabl e sucKTRONGIREED TRICHEES SEYRIRE QRIT6WET ™S RyPRatic monomers  one
-4- or more HihdBAddD@eDpldthat b lﬂyedoﬁejpnaeid weayiimeheoﬂonoméﬂi eahed

th I kyl- (CL - C4
g?noner;henﬁdt%ﬂ qg’uﬁé ren?%’a pc?geﬂn?/%l[za\??ééreo i rillrcganegm‘%{?gﬁ aX: or exarrpIZE

ort ho-, uoet amonomed(sgar a- net hyl styrene, the ring hal ogenat ed styrenes 5
para-vinyl tol uene or Enexture§ thereof. A referred vi nyl

monomer is styreng® «-olefiy mPRamers, dRCiy rd%dg r(fxﬁi“?]p%g%?rﬁ&m

cycl oal i phatmahomefglldodeaming fra@orpoel s préfleraSlyregant Addi 12 0more

pol yner i Zab'?eﬁ D1 ¥k W L8 MR rnon JTBRETE BEe QRS BRI Blode? st e 1uae

formula: [er
ethylene, propylene, butene-1, 4-methyl-l-pentene, hexene-1 and

15 octene-1. Most preferred are ethylene or a combination of ethylene

with C2-8 a-olefins. These o-olefins do not contain an aromatic
m01ety.
Sultable vinyl aromatic monomers which can be employed to
_ érepare the 1nterpolymers employed in the blends include, for example,
20'\ those represented by the foliowing formula: '

Ar
I

((I:HZ)n
Rl — C = C(R32),

wherein R1 is selected from the group of radicals consisting of

hydrogen and alkyl radicals containing from 1 to 4 carbon atoms,

preferably hydrogen or methyl; each R2 is independently selected from
25 the'group of radicals consisting of hydrogen and alkyl radicals

lcohtaining from 1 to 4 carbon atoms, preferably hydrogen or methyl; Ar

is a phenyl group or a phenyl group substituted with from 1 to 5

"subétituents selected from the group consisting of halo, Cl-4-alkyl,
_ané”01-4-haloa1ky1; and n has a value from zero to 6, prefefably from

30 zero to 2, most preferably zero. Exemplary vinyl aromatic monomers

inglude styrene, vinyl toluene, a-methylstyrene, t-butyl styrene,
chlofostyrene, including all isomers of these compounds,

Particularly suitable such monomers include styrene and lower alkyl-

-4-



10 wherein Al is.a sterically bulky, aliphatic or cycl oall '
subst i t ued¥YO8P 1831t 0 20 carbons, Rl is selected fromthe gro%ﬁqafs%ﬁﬁzu

radi cal s consisting of hydrogen and al kyl radicals containing from1l to
4 carbon atons, preferably hydrogen or nethyl; each R2 is 15 independently
selected fromthe group of radicals consisting of hydr ogen and al kyl

radi cal s coremibalager-suhsuitused dexipdHivaEoRRereot . Frefefnasl POrRATSgen or
methyl; or ajjagpativgede RLmhbtn@Andedie, | chdgehberaikot m (c1 -acd)i Bg system
By the term"sterically bul ky" |s neant, that_the m)rﬁ)rrer bearin 1this
subst it uent PRETrHEQ ?“P%‘da%'é%‘i SeFEVHFTRE | Oh S58Te N1 SHER i*Faf PO P BYPLe
standard Zi eglteio-Nahdta-poandrpara-aieitBpl frytrahy Sttheatirgy halogeabeed Gitpasenadd,e
wi th et hyl ene pol i zations. Preferred_aliphatic or ycl oal i.phatic
iyl Sor vt TS TSRO o5 RARGEE THreart L B Sreterrel & AREREN "l o
bearing et hylmylcmomssicuiatstymens. t ert i ary or quaternary substituted.
Bxanpl es of such syDald LUERI:haGddE) GHELLE &° cyBldIBhlGOLOUA BHEN a3

, , or | Kyl or ary '

cycl ohexyl, cycl ohexeny cycl oocteny ring al c .
substituted cemmoywntistedtt hemeant addditiqnupplymerizapby Yarny [oraMénydiidene es

t her eof . I\/bs;mg;,,@}gr&&qeg%&;hghgdt@lt},ghﬁgmlg,r cycl oal i phatic vinyl or
vi nyl i dene conpounds are the various isoneric vinyl: ring substituted

derivatives of cyclohexene and substitutdd 30 cyclohexenes, and

5- et hyl i dene- 2- norbornene. Especially slitable_are 1-, 3-, and

4-vi nyl cycl ohexene. ~ o heR'opt CoamalC(B8hyneri zabl e et hyl eni cal | y
unsat ur at%d nmonoser ( I n¢l ude strain as nor bornene

Y r(s) %g_ring olefing suc :
and Cl-10  Yhefisdp| Ab isch. A¥FTAFHT 1% BHLEY + GLavPardF YT FEfeeH RPER Gin
exenpl ary 35subgtiengnl wreop e ng ebphen®isiyrenetnat foonene. group of

The nunber avera | ecul ar I gh M) _aof LS .
I nt erpol yrrer’scatlslsc'%gg{}g Sy‘-glé%‘égaf er&%é’%e%,%%ofhgﬁe? glrl%ﬁ)? ?‘?%%%‘,‘%66"?01
1, 000, 000, mnbeet pasher @tbys f orf SCLIYObYdrogen, MOMethyl; each R? is

Pol ynerizat | oRgeRRAeMIVC 361 EX ADRUIE kné &TRVB! oAlraliEADE 8o i8R ing &2OVE the
aut opol yneri zat i on terr%oerature of the respective nononers may result in

f or mati on of MEZFRISR fdkyt REHEPR FRRYAISIRG fEomz At iR carbopy RSt S
resul ting frpmfdrasly afiagaber @cyn@iHylat 6:0R1tEfHat@¥alPIre, and A' Whhéther form

prepar i ng t hg Irsiunngts?sI?t:Eeima}l ! Xy rt%gdt(:)er?mi Qggéﬁ%la).{ﬂ?rﬁul 9" airgogggnt()fthat the

monomer bearing tﬁis substituent is normally incépable of addition

20 polymerization by.standard Ziegler-Natta polymerization catalysts at a
rate comparable with ethylene polymerizations. Preferred aliphatic or -
cycloaliphatic vinyl or vinylidene monomers are those in which one of
the carbon atoms bearing.ethylenic unsaturation is tertiary or
gquaternary substifuted. Examples of such substituents include cyclic

25 aliphatic groups such as cyclohexyl, cyclohexenyl, cyclooctenyl, or
ring_alkyl or aryl substituted derivatives thereof, tert-butyl,
no;bornyl and wmixtures thereof. Most preferred hindered aliphatic or
gycloaliphatic vinyl or vinylideﬁe'compounds are the various isomeric
viny}- ring substituted derivatives of cyclohexene and substituted

30 cyélohexenes, and S-ethylidene-2-norbornene. Especially suitable are
1-, 3-, and 4-vinylcyclohexene. | _

. Other optional polymerizable ethylenically unsaturated
monqmer(s) include strained riﬁg olefins such as norbornene and C1-10
alkyl or C6-10 aryl substituted norbornenes, with an exemplary

35 interpolymer being ethylene/styrene/norbornene.
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atactic vinyl aromatic honopol ynmer may be formed due to 10

horopol ym¥@ 99943k of the vinyl aromatic nonomer at el evat egPCT/US98/16213
tenmperatures. The presence of vinyl aromatic honopol yner, in general,

is not detrinental for the purposes of the present invention and can be
tolerated. The vinyl aromatic honopol ymer may be separated from t he
interpolymer, if TesPRERET BYCTRACr BRITOAE AN LS st AhaPolFmerS Sndct i ve

precipitati q&témy&ewtﬂsoaswmb grédRrsetateBl ol peéidi@bly fromtHE 000 to
i nterpolyner or the wg{y arorragc hono oI ner. For the purpose of the
P PEPETA

present i nvenPPBrP % av ¢ Free r 2 W% wei ght per cent ,
preferably | ess tmﬂlsrméﬁlm&gii& aperwa‘acbasetdanomeﬁ rembwdilabt tempewsmivgiak of

the int eépo'z%”%ésc QA N “ RerEe L& h QPatmE éo%nBrPSs%Q&five monomer The
substantfal 'y ran omln ﬂmyrrers are ) repar merti zi nga

m xture of pelyynesilzabh efq:mnum ofi spﬂtehemcpmsecnf:ewubpolymer rmlamémmgomr
constrai ned ﬁgﬁg@éé %egéiﬁ'n)gskéonf QLed 'l%h?@ g%(jnenzaéf‘o%cr ' ﬂ&dekaple,

EP- A- 0, 416, Janes Stevens et a Pat ent
5,703, 187 byﬂhFr#amﬁes’aymgntﬁﬁﬁléostm@faéﬂr'e@r@a@rmqeﬁgomartqrbﬁs*ow off or

such pol ynerdezati ®Rih9aCddoRRe: AHemBESYREE G agr@oa&ne@me%c up to
3, 000 atm)spheres and tenperatures fraom -30 errE to 200[err]C

Exanpl es%of *?E]‘PP%BF’E%%?%%?E s dVHRh 8BTS F 5F i3y elepated

subst anti al |yempardinifiesNt eMeObydERnGe adE vdnﬁrla@smhﬂmhb!n@ommﬁ [ &atg}eﬁiarab,
07/ 702, 475 f| I ed res ondin EP- A-514,.828: .as we as 30
0! Pt ent e EOp ity Egendsl fof T SRINGLIDe Onirritiad uRegie 38 48 cal

5, 189, 192, 3)682@16:.%9615 g, 9Pay1 §r®€i&1¢2®m0§03ﬂ¢r69®r He SaKr@8ed from
5,470, 993, %héogné@réo%é zgldeL§§ed by extractlgxprteknﬁlcﬁlé pmsfgf r heol ogy

nmodi fication or coup polymer is reacted with a polyfunctional
corrpound%apﬁﬁdleétb‘fe Pﬁgﬁﬁﬁtéﬁl% frop st 695 Wilkk B @OP $R3NERt fogyelrher

pol yfuncti onale Qﬁiﬁl@éﬁﬂﬁeﬂ“%\fetﬁé vi8pBtaromat id WomogU19h&F abkyr 2nef piigidsenal
groups capabl e ?‘f C-Hinsertion reaction Those skilled in the art

are famliar ﬁMt f RfﬁﬁePﬁsﬁﬂyFPEﬁ?n it is preferred that no more than 20 weight
- 6- percent, [pratétarly dewd thactlisoreighyr peyrs:nc apadekdeonftheucdtal

ti . Far.; [ t d
L el ted | n aon gt 8" AEFooRARENGE ARy O HERAL L bR HRALCRIRANECS
Tet r ahe@®on, Tl(qga’aa‘tafl?iéB}Y rﬁ&@@% 1115992@5’%’55 &fd PHePREFEPYas gener at ed

from azi des,polémermngl b & xde Dr AJEAPBWeE R z a1 AmononfeR 8 iraftharﬁlese;[ce of
Hol conmb, WD McMaster, |.T.; and Vander[?ool D.P.; O g. Chem,

(1977) 42(]ﬂ5tallocene or constrained geometry catalysts for 1nstance as
described in EP-A-0,416,815 by James C. Stevens et al. and U.S. Patent
No. 5,703,187 by Francis J. Timmers. Preferred operating conditions
25 for such polymerization reactions are-pressures from atmdspheric up to
3,000 atmospheres and Eemperatures from -30°C to 200°C.

Examples of suitable catal?sts and methods for preparing the
substantially random interpolymers are disclosed in U.S. Application No.
07/702,475 filed May 20, 1991 corresponding to EP-A-514,828; as well as

30 U.S. Patents: 5,055,438; 5,057,475; 5,096,867; 5,064,802; 5,132,380;
5,189,192; 5,321,106; 5,347;024; 5,350,723; 5,374,696; 5,399,635;
5,470,993; 5,703,187 and 5,721,185. |

For the purposes of rheology modification or coupling, the

polymer is reacted with a poiyfunctional compound capable of insertion
35 reactions into C-H bonds. Such polyfunctional compounds have at least
two, preferably 2, functional groups capable of C-H insertion

reactions. Those skilled in the art are familiar with C-H insertion
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2920- 6, and vitch, R A, Knaus, GN, J. Og. Chem
\3/%99%? Conpounds having at |east two functlgﬁfmﬁﬁﬂﬁﬂé

40(7), 883-

capable of C-H 10. insertion under reaction conditions are referred to
herein as coupling- agents. Such coupling agents i ncl ude al kyl and
aryl azides (R- % azi des R— e¥gg azj dof or mat es
(RO CO-N eff %‘mﬁ o%’%&?%tlé?\é?h&mups ¢ PE"E’ P3- By FRRFE19BR0s deFni ¢

azi des (R err}.nsR(dﬂ).:eN[ﬁrlb}eh@S‘l(issgéryéraaéd d&&m(ﬂa&br ]:orﬁiiounds, asl\l[:ﬁi’éd] in 15

Pol yfuncti on onp apabl e of Jj nser CH bo al s
i ncl.ude pol y?llélu"%f ony az'l % ? L"Tﬁ 1g(?fly% L‘# ﬁbhﬁn LTy R S é‘ny Tetxahedron,
conpound havi Hyo&s) .| €& tmwusmsmzmm gimepss(aﬁ@{eaeraituﬁieffd@ azides,

reactive 5 qiddhching, BR-yAbAkLA; IPrAefer@'@}tga%@ﬁol%ﬁﬂqow 3, de) s

have a structure X-R-X wherein ‘each ert]N'err] and
represents anM@Mpstetinstifsri #ft andgrriondr N-§ - s ubsOrautGignhy digEar byl (17),
hydr ocar byl ewﬁ-sorand AbrafidyiteRN-EANT 289 cgruoupJ RiEf eqahl y {1@%{19 :
sufficient carbon, glgz or silicon, pr ef er abl'y” carbon, at ons
separate the éﬁﬂ‘)on P32z de groups sufficiently to permt a facile
reacti on bet vveen tlcemminy&el RiviRg at lease dwdersideionyd g&éﬁﬁ’é?,caﬁyd&fe of C- H
pr ef er abl Iea)sE r@r referably at 25 | east 2, nost preferably
ygr

least 3 ¢ rbor11nser AEHRD conditigng %?%5F§e’6%ﬁdoﬁﬂ heredpsasHep
functional gregess.\W$dah t:bneplangsamts inclofé tdlegh dndYi bryD azb@ed QROL) ,Of

R, each R advg Yl I ne_car tom
bet ween X's ang}lgrgg? g%a (IRyélEoﬁqt egg%%fomate e(gog él”i@l) eﬁﬁ.))r’ e‘f}éc}sgg?fﬁi 885%%han
30, nost pref &RPLy(ARsN:It hphesphinie BeadeSOR,-RIRY ianand sdily]l caidas OIRs-Si -

Wthin these gjymts, larger is better for reasons including thermnal
and shock stabi I'i t¥ Wien R is straight- chai n al kyl hydrocarbon,
there are*Dref er abPLyastional goweaupgs capghke of inspntiens inte & bongd

azi de groups &bsg adumiet belja(sme&sylt ¥z0de)lshe The polly {@R6nY10 abER Back,and
react with itself. ? av(ion co tainin g ]rﬁu s. 35 i ncl ude sil anes and
si | oxanes, pr ST HaBF P E3h aStI'h t BHHHOPRE AP 9rouPs s (150 (RSEFELES er s

t o substitutiwkchnithy m:tltmtefnn gr Begferably fthe opalgtisul fonylindeisief 8laye a
[QE erfere wi tg'tﬁﬂ:%ugg% red &r@%&hoéw)xq QS%‘ ra%% R represents an
20 unsubstituted or inertly substituted hydrocarbyl, hydrocarbyl ether or
silicon-containing group, preferably having sufficient carbon, oxygen
~or silicon, preferably carbon, atoms to separate.the sulfonyl azide
groups sufficiently to permit a facile reaction between the polyolefin
and the sulfonyl azide, more preferably at least 1, more preferably at
25 least 2, most preferably at least 3 carbon, oxygen or silicon, .
preferably carbon, atoms between functional groups. While there is no
critical limit to the length of k,'each R advantageously has at least
one carbon or silicon atom between X’s and preferably has less than
50, more preferably less than 30, most preferably less than 20 carbon,
30 oxygen or silicon atoms. Within these limits, larger is better for
reasons including thermal and shock stability. When R is straight—
chain alkyl hydrocarbon, there are preferably less than 4 carbon atoms
‘between the sulfonyl azide groups to reduce the propensity of the
'nitrene to bend back and react with itself. Silicon containing groups
35 -lnclude S1lanes and siloxanes, preferably siloxanes. The term inertly
substituted refers to substitution with atoms or groups which do not

undesirably interfere with the desired reaction(s) or desired
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roperties of the resulting coupled polyners. Such groups inglude .

1I‘OI ugrl ne, WO$9H843lc or aromatic ether, siloxane as well as SEFFGWF“QB
azi de groups when nore than two pol on efin chains are to be joi ned.
Suitable structures include R as aryl, alkyl, aryl alkaryl, arylalkyl 5
silane, siloxane or heterocyclic, groups and other groups mhlch are

i nert and semxrcmeettd‘ﬁe0§u¢ﬁ%ﬁ9$u3dizpaec<gwée$)§°é¥m%crF‘Eféd IrRpRse include

preferably R inghyfes aatphfast oP N ombtic QElQéahO Bﬁa&@% 5$1e,e&mlats)@mhfony1
groups, nost pref erably at least two ary 9rou ps (such as when R.is

4,4'  di phenyl 3%iger SEUPE, Whe) MBRS RN twaﬁ ¥?]13§1%rﬁ§‘aéflfllar§r 5 Pe P“i*%d 10
preferred thaéultdaslgrswnct@é@ IR Rde R asOBEY Y, BUkyBS ai il tdiRaL@Se abylalkyl
napht hyl ene bi s(@ul fonyl azi dei%] Pol ‘é’gﬁ sul fou\%/)l )az% gﬁ Ianirl ude “?n
conpounds %as it ﬁ@n‘bl°§( Y a0 " va B I=) il s o Totar Ve 1= o S e O 1o 117 i
azide), 1,10- ﬁmn&ndnﬁbaué&a)nyé samifdegl, ai;d&)g@oumjasad&sdmse@ul Mongy |

azi de), 1- oct rjse |

et her bi s(sul fzeFa%zyg %g%%ggb%‘ts %H Qﬁ%ontg;l gop enylf1 eg{xgﬁg%%f%g’l
napht hal ene bglsl(mlvfmgr:l pazﬁate))ly atvdledstevwa vy ngdoupsi feushops when R is

chl ori nat ed aL'pha&b&er@mw&awom Qeﬁs@ngwg eREN 306 farl i cgpo&ptqt is
8 chlorine atoms and from2 to 5 sul fonyl azide groups per nol ecul e,

and mi xt ¥ls PYRESEEED Yhasf e §H°1tR)Ih?(’§ IS ntHang 9PR &Yi89r RS et Fase Pt

bi s(4-sul fonyh@gmt@tgb&chz@,ns)sul%ozymmaéal en@oll@» (8GB£0hANYLiREI ﬂiﬁLude such
4, 4" -bi s(sul fonyl azido phen et her bi s(sul

phe
azi de) and bi SPERVHPT Il a%p %b?féen??‘? Fﬁé’[lﬁ%’é;/zl&ﬁﬁ s R AT LSt ’Fl’eﬁ(éb‘flfmyl
Sul fonyl azi desidne rtarv-asc&id bys ;mﬂﬁameld abjdd)helr Baeickadecahe bis (sabfinym

azide wth thg Cé’%refp%régi”zg L5Q0 necé‘r'% l?l%’ongiti'z%égb 2454'- nt%%‘%gon of

sul fonyl hyda2|ne ari‘ous Peagent s en
t et r oxi del5 ni erlssohisauldonyl Ialae‘ﬂ@boﬂ-a@é‘-)lShaSSbéé‘nnmédphenyl)hexane, 2,7-

Pol yf unct i onal,,GoReLNIS,: € FAARLE, PlaziBSE! %h@%xbat&lgoh?pm&es of also

i ncl ude carbene-form ng conpounds such as salts of a%%
hydr azones an8RiRTd2ated3dRRafdc BYRFORRTR ™SSP AT HRP @6n‘b’l‘ﬁﬁ?§§ Emomst 39
al kyl and aryl crazcifs dtomb|L1d From 2C¥bd AZLURSHY(Ra£(dd y&@j;rs] ber molecule,

SPZ]IOSSLS:: ;nla't giﬁxa%smlcc% > %"%Q‘eég\l[ %Jg%f§¥%%g£]%% 1%% dlgiazé e)s J.nc!*.\{u%re lnly-
(R2-P(0) -2 erbiy %@iquCbrydlaaqulbesz'érRs-. rN[nephqtyalene blS$e\m3efc@fyltmdobupl I ng

agents of thegi ,;WQ,@LkQﬁ&E?l Mﬁﬁ@fﬁ;ﬁ:ﬂe@fﬁaﬂsf iphenyl bPRLS bgég%}gi{%ghﬁ’ to

forma greater abundance of carbon-hydro i nsertion
conpounds as paidedgppe Qiﬁ‘ﬁyﬂ’rlé%ﬁe§mﬁ? 61’1’methé’tb?rfp@ﬂﬁd&“‘t&{?%#’e?%ﬁ es

sul fonyl azi des, p@Qif&l@liybzﬂi?elsdgﬁe cdRdenient 1y8igr¥bafed 89St eengbars£d
E)gf:ause they focgirpxmsgg'g e w:.{:}?q.heet cc')sztrespondlng sulfonyl chloride, although
25 oxidation of sulfonyl hydazines with various reagents {(nitrous acid,
dinitrogen tetroxide, nitrosonium tetrafluoroborate) has been used.
Polyfunctional compounds éapable of insertions into C-H bonds
also include carbene-forming compounds such as salts of alkyl and aryl
- hydrazones and diazo compounds, and nitrene-forming compounds such as
30 -‘alkyl and aryl azides (R-N,}, acyl azides (R-C(O)N,), azidoformates
" {R-0-C(0) -N;), sulfonyl azides (R-SO,-N,), phosphoryl azides ((RO),-
" (PO) -N;) , phosphinic azides (R,-P(0)-N,)and silyl azides (R;-Si-N,).
Some of the coupling agents of the invention are preferred because of
“their propensity to form a greater abundance of carbon-hydrogen
35 ~insertion products. Such compounds as the salts of hydrazones, diazo
compounds, azidoformates, sulfonyl azides, phosphoryl azides, and

silyl azides are preferred because they form stable singlet-state
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el ectron products gcar benes and nitrenes) which carry out effici

car bon- hydM98¥1%43kerti on reactions, rather than substanti al I@C%JS”“G”:"
rearrangi ng via such nmechani sns as the Curtius- type rearrangenent, as
is the case with acyl azides and phosphinic azides, or 2) rapidly 5
converting to the triplet-state el ectron configuration which

pref erenti al | sieghden poodudtiad fogeengs candaPaEFeReE) ovhiclaeayynsut fifépiens:

the case W t h.ahk¥lnRRdgdh iins@2i ARSreditiOns Saghiti WUhahl AUBRBRNGINYEI)
preferred coupling ag en?s I's conveniently p033|bl e because of the

di fferences i ?Fatrﬁé“Wé}?p@F%tsﬁ‘FEs“‘%&“aWﬁ‘Esn af NS CRF et YRS FE8ECANgeMeRL . as

coupl i ng agen{s rAkEc&RNWEER Ryl Oazhhesaa‘dd PRospliRed eazates) IOrePE rapidly
products. For exanp|e, those sKki reco, n| Ze,

t Wi hat
carbenes &r e FBVTEETS 5 R FER 85%\"%?5 g?‘f‘%@f‘e%\%ﬁ‘ FIRFat: r‘?pglf“a res
| ess than 100@ﬁfre}:€nt:wmyanmh-§sesnhyhmyeazatm abauratufion neaesiarsd twhixh is

sul fonyl azi d‘] ouncé?le ures Of&f@g%ent &g:t es(e%tecéegna%gﬁ rm%rslgléle.

above 100[err up t convenr en tes it
is rreantpxtdf&trreme:ouphpmndsnuseaetcqtvealerra;tlaf porstible Hegausemfughet o
make CONEE# - Bhedy Qﬁeén%l le&&%%h?ése,atv‘m ¢ Eﬁé‘QﬁleQréJtolé&é/ss%BOHﬂh to
al | ow adequate m xing a onpounding to result in-a final product

with the 10  cqunlang r@eagerﬁreaawr«afewwg@é}%eae FRFDPRR T SisBet ant | al | y

in the 20 degidRdePOSiFokOfkdmplt N&nbbaakiNIeEUG! the Sehwi 0OC #bESYhi2B0chat
di sper si on may be different from$roduct fo gro duct dggendl ne%ﬁon t he

desi red %@F?laé‘se EPTTHe FFPH ER2R? SRRYUICSPRESHERYTY hm 354
react ed at lesd EHPRTIADDEC L WHille eseaeSSoDmyaB&){oaeg] G2idot axrri3B 6§ edrid Ene Whi | €

silyl azides r referen t ratures of fr m250 errJ]Cto
2000 er 1] C - o5esTEohyL azigll SHERERA Tepke Ale LIRSLRIC T e ElbreraLbles |

coupl e, " X%he above pBOY, supfmybmma@eyes ofuge@q.n By he@?e;gynmtfeyl iy is

anmount, that anéant tha@rth@%uﬁaé eehivadd 9 HIE BASE Tshgaé@\élil&wifo make
Vi sc05|ty (at O. d/sec) of the polyner preferably at | east

percent as coﬁ?f%{'l%ﬂlﬁ\} tﬂ¥°cessmﬂh%°5§t18ﬁq L hatrerraing SL9Hr enpiegh Itéséntcﬂ'an
a crosslinki ngaefiaubtnixddy ddtohsountifRentesilkfl ifiLHindD prre&h&tt wllah the

| east 2 wei ght rcent el pasur e 765- Jroce

Wi Te { hose SRPIIARS: despceaciardfy TEARHEE B ASIM G AabnBboiy Tatkne, oo
suf fi ci erko t odesicredasesitthen in thé didnshemrodurscositly lardti@sahd dizpeessort han
2 vei ght ber cagy ek Werleny from?ﬁéu??rﬂaggb ggg&s:&' 8k mlqatorpfthg%s%ese used

and polyner the amount 1s 35 Ss than b per cent
preferably | eBECRSTAACD °§eFE%rﬁma1 Pr°dﬁ?)’7s-t) pP’é‘f%\haﬁY’y 4zddes t"m(an %F@?ﬁ at

percent pol y( sethdedayhreaZ iidedxdeadsesk 180°c Qi t@tﬁioomelﬂhtleoélmlaﬂﬁesv\@@aw he
p0|y(SL”.fony|p§g¥é1%%tlg¥ay at temperatures of from 250°C to 400°C.

25 To modify rheology, also referred to herein as “to couple,” the
poly(sulfonyl azide) is used in a rheology modifying amount, that is
an amount effective to increase'the low-shear viscosity (at 0.1
rad/sec) of the poiymer preferably at least S percent as compared with
the starting maﬁerial polymer, but less than a crosslinking amount,

30 that is an amount sufficient to result in ét least 2 weight percent
gel as measured by ASTM D2765-procedure A. While those skilled in the
art'ﬁill recognize that the amount of azide sufficient to increase the
low shear viscosity and result in less than 2 weight percent gel will
dépénd on molecular weight of the azide used and polymer the amount is

35 préferably less than 5 percent, more preferably less than 2 percent,
most preferably less than 1 weight percent poly(sulfonyl azide) based
on total weight of polymer when the poly(sulfonyl azide) has a
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nol ecul ar weight of from 200 to 2000. To achi eve neasurable rh !
nodi fi cati ngsl"r?é Lnount of pol y(sul fonyl azide) is pref erablpﬁﬂ[’gﬂxar’
| east 0.01 wei ght percent, nore preferably at |east 0.05 weight

percent, nost preferably at |east 0.10 wei ght percent based on total 5

pol ynmer . For rheol ogy nmodi fication, the sulfonyl azide is
adni xed wit h moleculppaeight @f, FEoR 208423000 affo| a3veve HEAFUEINSo SR eI IaY

tenperature oaoalflcaﬁm Stthd Q&Mﬁn@blfdﬁolﬁ)éuﬂﬁ_@m@&ldel) Ofk {pREPEFalIy & of the
azide it is %% tengerature at g/m%ﬁ hela2|de convergs to the
sul fonyl 10 Hf3¥% ﬂe°1 éﬂeﬁ hEEFRT i PPy PACEHPENEATT iHfethe PP o

determ ned  perceny, dndsttepesfierablys @anbeary 0al® ey Wef EIS(E) baé'ehE on total

pol y(sul f%tnyl polymef__azi de)begins to react at a kinetically significant rate

(conveni e Or use in the practice of the invention) at tenperatures
of 130[err]C and For rheglegynmofiicaplien cltheraddtuyl azidsdsepddi@ednwihDSC

(scanning at Q] o&mxmana héaaieaﬂ%ca@f@m' P ecohfsil Hn Q%%éél&‘ﬁ@e Ocﬁset

of deconposition’is 100[err]C tent of reaction Is a nction of
time and tenpER@itsytéonyi: ag 1 OBy dECOmP%ﬁ\}éllgn dJlemperarargsefd tha azidepitdsi ce

of the inventjodht the: ARb&Rlture at RhOBEtheCs: deCcilert §aGNeHe Laullfbmhhe
azide is essentially full reacted. Tenperatures for use in the

practice b¥ tﬂbt‘ieﬁ\?en‘flilﬂ‘r‘lx%fr’é‘gZBltr°§F§oa’Ifef’€ NitRe B DPrPRES S0Pt Ry HIedel t
t enper at ures b¥ dﬂieep@itylmerscannmgstcaubfngacmfgt asical s TheFOgSoltth\Sde’rQaSOHS

t he tenperature, advant agequ reater .th err referabl y
greater than ?Lﬁloti Zbe?J(f‘S B reac;: & prié %‘%é:ﬁﬁf Sraatice % rr?t%S%)T PP EE st
preferably great aiset ﬂaﬂ:hkSﬂERj’tﬁ]:é:.of the inventiorl &f Gfeﬁnﬁélrétluﬂf@§ i 180® and
desired deconposition tenperatures are 25 times that are sufficient to

result in readfiPHOBE FFTRLLEAIY FPRFAGet 160°C i 2 PSChésqrnynerats L0V Aot

undesi rable t ket m&l:aﬂxegfgadatzo@n ﬁ):.f) tshsws onsePQnyHSéorA%!‘si&fbn s ef pyoped
reaction tlﬁE%}aln te al he coupling agent, that

T he ti e T BaEClE faRchieT Safat c‘éb‘(’—fht"ft'blme and (R TPRIREE- atheqthe Low
presel ect ed t tepaisabfirazidehissd haldhel ptacdise GE thdeirfent ah| end\opPBeai s 5

ey VES, Of ek o6 0UP 4980 GBhened kD cne 2246808 oeBodlaI P N0IDY)

azide), for i Rstance e react T era |'east
m nut es at 209e1g9e§}(;Temperatures for use 1n the practlce of the invention-are

20 also determined by the softening or melt temperatures of the polymer

starting materials. For these reasons, the temperature is
advantageously greater than 90°C, preferably greatef than 120°C, more

preferably greater than 150°C, most preferably greater than 180°C.
Preferred times at the desired decomposition temperatures are
25 times that are sufficient to result in reaction of the coupling agent
with the polymer(s) without undesirable thermal degradation of the
polymer matrix. Preferred feaction times in terms of the half life of
the.coupling agent, that is the time required for half of the agent to
. be reacted at a preselected temperature, which half life is
30 de;erminable by DSC is 5 half lives of the coupling . agent. 1In the
case of a bis(sulfonyl azide), for instance, the reaction time is
_p:eferably at least 4 minutes at 260.°C
Admixing of the polymer and coupling agent is conveniently
accompllshed by any means within the skill in the art. Desired
35 distribution is different in many cases, depending on what

rheological properties are to be modified. 1In a homopolymer it is
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Adm xi ng of the pol yrrer and coupling agent is conveniently

acconpl i shBP W04y neans within the skill in the art. Desi r §§ T4¥598/16213
distribution is different in many cases, depending on what

rheol ogi cal” properties are to be rmdified. In a honmopolyner it is

-10- desirable to have as horrogeneous a distrjhution as
possi bl e, degi eakdiea P ra¥ehR R ICRGIFHEUR 3 iHFEHIUtAEn £5 885F4Piehe pol yner
”?' t. A I'n p%e?éﬁuiyl Scﬂﬁavﬁiﬁ@lgoabﬁﬂﬂtﬂ cbﬁ\texe| amioknbite pyljweronelar oRre
of the

Che 5 ot her. fESERd OF bt GIRBHEAEAR 9 Taet R SRUGPOEVat BB Oh BBt

t wo phases polymer matPiedsesued tpanctﬂmsesmdmdbuphseiatemeasﬂyoimooé ¢@xhdry
bl endi ng i n e f.er rm_a
subst anti 51 1" tPor ok Baerataint th gHoHE 4EPBfractaf ARt e e
processi ng lCwoegbagEsent , for exarrpl e a nelt extruder to achi eve the

coupl i ng reaCté:CH}er?éd %rf:@ég%%gaiwl%détaé q@ake e 9@063”13@1%) Bhe ing the

tenperature of he coupling agent; (b) introducing, exanpl e
injection, a COUPIEWJGBPFI@ wiGBnEhe ﬁ°1¥“%ﬁ§v dP’fQﬁeﬁ?bhbl‘mei%Wplaes‘é?%éﬁFWle n a
sol vent tiREBtRadRl xtdk e atid tgaayngftncieumtngeagﬁ%u brackifiwigd, into a

device 15 containing polyner, preferably softened, nolten or nelted
pol ymer, Yut SIuiPment.o FATISREEPIE ATy te?‘gﬁ‘ll%ﬁret? AT D5 ERYRIARS

di spersi on, nEgaetion, apr sfm@bfamuca mallbam: mseed@peqmmemmpe(raﬁuzfa)bm ng
a first adm xture t.a a coupling
agent, a"tf{?aﬁ?%%lel&gsﬁ/e ébs)t éﬁper cm% I%gr e:%amglig %’e 18%%%&68@% on 20
t enper at ur e ofoupBéng ageht nigp ag@mcl foref érabixpmpye rdissob¥esndn ry sodment

then formng &&@g&@%@gm J%%f-qpfoft g&p&aagtag%qmﬁ W €3 st fnt%egoaéince
amount of a secon for “exa a concentrate of a coupli

agent adm5<ed°%t?hnm9 P@bmeronérif@F?W sgREENsSr | BHdHeRyCHMedEed P°1Y"‘err but
addi tives, | saaeRMetivnyl h%dﬂti@ﬂat@tﬂbrﬁ Sﬁceaducpmnyaﬁrdlebeaéion, more
conbi nati on thereof 38}3“0” ﬁ wi t h, ot her addltlg t o, nodi {

second pol yne‘??ef)ef dynf e FPSRSSE R SAUBREER S U AT (FTT R e, Y S S amixture
preferably inosal fdrs‘u)lampurtmbe pridfret gllyméx rapdya ool g edent ,or

exanpl e powdeLsy AL LELYy I N @ SQleeRBEk kIR hER A ¥IESupd:QL: GXamp! e

20 | temperature of the coupiing agent, preferably by melt blending, and

then forming a second admixture of the first admixture with a second
amount of a second polymer (for example a concentrate of a coupling
agent admixed with at least one polymer and optionally other
additives, is conveniently édmixed into a second polymer or

25 combination thereof optionally with other additives, to modify the
second polymer(s)); (d) feeding at least one coupling agent,
preferably in solid form, more breferably finely comminuted, for
example powder, directly into softened or molten polymer, for example
in melt processing equipment, for example in an extruder; or

30 ;cqmbinations thereof. Among processes (a) through (d), processes (b)
and (c) are preferred, with (c) most preferred. For example, process
- (c). is conveniently used to make a concentrate with a first polymer
composition having a lower wmelting temperature, advantageously at a
temperature below the decomposition temperature of the coupling agent,

35 and the concentrate is melt blended into a second polymer composition
having a higher melting temperature to complete the coupling reaction.

Concentrates are especially preferred when temperatures are
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in melt processing equi prent, for exanple in an extruder; or

conbi nat i ON© 99he4280f . Anpng processes (a) through (d), proc5§'§’é’§9§”d’}‘3
and (c) are preferred, with (c) nost preferred. For exanple, process

(c) is conveniently used to nmake a concentrate with a first pol yner
conposition having a |lower nelting tenperature, advantageously at a

t enper at ur e beftiwichelylbdégnpusireswht Lirmessatiicoupiinchegensuplyi enpragation 35
and the Concgpté&%ﬁ?&ﬁﬁhtn&ﬁ epgadgl &qeacéf&pwtmwénmﬁ.ggpw bERMt

havi ng a hi ghe erature to conplete the coupling reaction.
Concentrat es °9¥<é1té§f3%c"f°alllfiyrﬁrﬁ”éf- erasdetlifeh - t HFEFBRTYELY g SoMe coupling

sufficientlyohiah her{&_,wh& BIenkO&P of tu‘eompfgm@oam ahy cﬁiﬁ@ﬂ)mgﬂab@ﬁt or

deconposition not |eadin 0 reaction with the
Condi 11 or WBHF PESH (TN SRIAPEATEOR TEPALR | TRFS bl RS o ShF drgeentrate

occurs duri ngstﬁtﬁmbberﬂiit@gtné sebend ipb$imerobym@isiancn C0Bpth rmlmbr 5 but
SO O LN RN SeASSIL L LIS e atkel St LLullG fOnCenlinhe, 1S

bl ended into P comnposition
conposi tion itacmild'usratori éaSttrp@ﬂamémnn@odpymemallaropmms additivesy y@tlyn'er

or interpol yngr saaqlopmt%agw 'ﬁﬁéﬂJ@ﬁé &qgma/%@em tlm | Bagea 1Lh£ d§g<,l Fdeod 1

the art. Wen the coupling agent 1s added In
preferred®t oifi ¥ tﬂ%‘éfaﬁ'@tﬁ ta it xp s Rgent prg B‘b‘m“@ﬁetp @r Sﬂ%‘}ec“éﬁ or ‘“°1t%ft ate

bel ow t he deGRHPS Heh bR N HeC APESmpoHL©1 R tédpRreou b@guaeg@aapilh@nagenc chén heat
t he resultln% adm xture to_a tenperature at | east eqyal

to
deconposi t i orf°t BfAfe FAE (FSUGF 1 BIRBIHFP Y Aghfitperature at 1easfh%q"ta&r he "ShEl t

processi ng" igectkidit foiMtatp&ritupé QP 8Re idduphig) agbnt t he poI yrrer is

et oovor oo 11 RSt SRR SRS lret S Shae yRlrean, opy BB 4y iy
fiber spifniregpe polymer is soTtengdoby gledtedy( §)lclarﬁ$ eetnp#alng &gaéhetmg.

sui tably 00"%@89.4 Nt hermofBRNi MBNEE m WibFihgT, eéaﬂaoana{hgdgﬁlls&f;mesa{etlhon
thereof, preferably by 20 mxing the coupling agent with the polyner(s)

under condi t ifoR8. \#cRiber SPAMNEG- suf fici ent mi xi ng before reaction to

avoi fl uneveg armurnth% 9$lyolef1ﬂ1mahhd%u§m@ beéhd hea suibhesE Ich@biﬂ%iQ in
resu tlng adm xture to eactl on Pre

Cobstant a1 PR THTER “hich seayieeoth dshtE, EPr RoEhtRhy ARy &
formed bebor enigippsieectupliby agephdvithonise iprlvwexdls) cinader condikionp wakds
place. A Su%?.gwtélﬁlfl;l.Xlent mmgf Béfo%dP%]agt%ﬁ i3 2088 Re YU f‘atao&xt% of

di stribution of cou ng agent I's sufficientl
honngeneous tyycBqugﬂ ag§ﬁﬁa§nb9hqy subjecting the resultlng admixture to heat

sufficient for reaction. Preferably, a substantially uniform
.admixture of coupling agent and polymer is formed before exposure to
25 conditions in which chain coupling takes place. A substantially
uniform admixture is one in which the distribution of coupling agent
in the polymer is sufficiently hémogeneous to be evidenced by a
polvmer having a melt viscosity after treatment according to the
practice of the invention either higher at low angﬁlar frequency (for
30 example 0.1 rad/sec) or lower at higher angular frequency {(for example
100 rad/sec) than that of the same polymer which has not been treated
" with the coupling agent but has been subjected to the same shear and
" thermal history. Thus, preferably, in the practice of the invention,
decomposition of the coupling agent occurs after mixing sufficient to
35 result in a substantially uniform admixture of coupling agent and
polymer. This mixing is preferably attained with the polymer in a

molten or melted state, that is above the crystalline melt
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pol ymer having a melt viscosity after treatment according to

practice oW P Hyent i on either hi gher at | ow angul ar frequé’gfps(‘)?ﬂfzgo
exanple 0.1 rad/sec) or |lower at higher angul ar frequency (for exanple
100 rad/sec) than that of the same pol ymer which has not been treated
with the coupling agent but has been subjected to the same shear and
thermal hi st segperBituse, preferaldigsolvied oo fHnady iHerersachEoRdirénr | trther

deconposi ti opy gﬁ ihe & Hnw; APePLrAcavLS abLRr ﬂ‘hé'rﬂlﬂtéﬁféﬂ be@ﬂéd teBr@5
result in a substanti al uni form adm xture of coup g:la gent and

pol ymer. Thi §smnmgr¢§ermeéf droapR§uzs hareRSPIRFY h rtaﬁEe‘p hafelocahized

nol ten or rrelcggge,&tzaggeng Rat tHes saiafa& the crystalline nelt
-12- t enper at ur e, a dissol vﬁe g; fi neI‘}/ I sper sed
Fetth

condi ti onSrat her AY F%?‘“Fﬂta‘ B‘I‘}tc?br}éfs%sed’r SV EUERPIRE ol ten
or nelted forpiovides sufic@ept erfmﬁﬂ@chrﬁoummanaeui‘mrmgemlehy tred Bete t han

| ocal i zed concent rat | Q t the surface. g ment
suitably usef™ b’?eq‘nera%‘fy gvar?taﬁgmfs%f’rﬁcnce ?)fr ot\ﬂedé%vesn)éfgl tle gn pr%ia)((:enm
and tenper at wuehcdatices amanhact:mder or a mlpnmiwmebwlmdgaiﬁvagemhyas
practice of t | es ug, g i 8S s uder or
a static pol yangfégn%ﬁ%g% @%nglélsse gﬁ%ﬁ@e:[g‘l Qxcmde% u f‘D‘gsénder %?trterm
extruder 1Ps (ReSPIRPLO] !‘%Clblldea%%%'*t dqvcelﬁeaﬁmg‘evbcq HEF‘EFEI@%E‘&?SdEﬂw Bs a

devi ce whi ch x4 LdRs . PE&dvehSerly, whepCbhetd 26ra n@qeve,m:@aiéﬁust\éb%tweﬁe
is a nelt extrusion steg bet ween ‘groductlon of the p grrer and its use,

at | east one REPEPCTOORt e the PHIBEESI D tF HES nd eSSk ‘i”%%é ®1°4cEPS n t he
mel t extrusi Prosé&P.of the \Ahtréxecﬂoh t&ken pbadce tihecisc ampet (ﬁxt&bﬁdrﬂ‘éeﬁﬁl on that

the reaction ae15 a _solvent or .other, m refe red
that the reac'”{l'ﬁg lsb‘éi n aSBUERPR Lt P AVETE Fa ?fé& tf’%p eaﬁ?)gor?é: Yal
of the sabventlaoe in a solmntn@dlcmner Feditihi sitpis posderzed ohynisheabsace ibhe
crystalline MRl by o iR RELA!H Gubla 8&%@95&&% QU0 QenSUAN of N o ffih:" BF
reaching a reaction nper at ur e econposition tenperature o e
sul fonyl 20 <Pegegyedium. F°r this ﬁu’épqﬁeeférﬁcéér“‘%ﬁé’ei"ﬁﬁhe F%%#éb’&@%?

the present lﬁle\hﬁei-ét@}e is aabaif&%eaha%ﬂ Bvén WiRMhP MBSEM reddrBingl & M Xi ng
of the couplin ent @%I yner takes, gl ace in the same vessel _as
€t

heating to tHE ctfon &88%?&?6%& HIREPE o’Fe“EPr‘?éa‘é‘bRFpPF ng*%agehto¥¥he
vessel i 2025 aziveferably a tw n-screw extruder, but is also advantageously
a single-

- In a preferred embodiment the process of the present invention
takes place in a single vessel, that is mixing of the coupling agent
and polymer. takes place in the same vessel as-heating to the
decomposition temperature of the coupling agent. The vessel is
25 preferably a twin-screw extruder, but is also advantagecusly a single-

screw extruder or a batch mixer. The reaction vessel more preferabiy

has at least two zones of differént temperatures into which a reaction

mixture would pass, the first zone advantageously being at a

temperature at least the crystalline melt temperature or the softening
.30 temperature of the polymer{s) and preferably less than the

decomposition temperature of the coupling agents and the second zone

being at a temperature sufficient for decomposition of the coupling

agent. The first zone is preferably at a temperature sufficiently

high to soften the polymer and allow it to combine with the coupling
35 ‘'agent through distributive mixing to a substantially uniform

admixture.
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screw extruder or a batch mixer. The reaction vessel nore pr ef er abl

has at | eawo99mmi2rones of different tenperatures into which %F'F’Hﬁ%?(ﬁyﬁa}?

m xture woul d pass, the first zone advantageously being at a

tenperature at |least the crystalline nelt tenperature or the softening 30
tenperature of the polynmer(s) and preferably | ess than the X

deconposi ti on tenper gicddyeesf thiae heyapsditgninge RPANHHAPPYR tHEcEMPLIBH Soent
being at a tenperature sufficient for de L] thescouplkng

agent. The ffFQmPPEHEIG s HIRSF8F A )}pg%Peg%?g%%F %%%Pégéﬁf ?m&éntg ?/ hi gh
to soften thespadipiey whed aldowpordtivo arbiowerninet ingepelomsti fRYCB5aadieng
through distributive nixin . bs Latd e Nididaihent £oRdNT Xt Ur €.

-13- concentrate) 1s %b%egﬁg?%%ér%ﬁ{%at ia\?e _soften‘ianrfg poi nts above the
coupl i ng mgeAtcorporatiBBORPoIIUPLbrg PERpRriat be SALPF e PABIY THPE BN 10%an
200[err] ), %Bgnt in sONRE6H A YaNRNrk NGROPAKA DL, 8o |018w ¢HRl bbDgner

pol ymer (such™as in a concentr at eg I s undesirable, the preferred

enbodi nent f 6p Bibibpnianegsl A% SASHP abulfiEthEWseRt the FOMRYS Ht"i‘%ﬁ?tgr M t he

coupling A8 Ho EDagtRlabb iR 951G, Xtaster | sa@otAEiono! sHEerestrial ow t he

pol ymer to inbi be (absorb or adsorb at Ieaist me oflth% oquhi ng

agent), and mixtuzendd xFrEdeHorat STNES JSVRhT .erﬂgf)éra &hapor af?ron, ®the

rﬁsul tiongo col{rﬁxidgr Qgdrt , exihd wded. prEferatsilyy eldo iforprief eokiviey whgoichent for

the 1 coupl i ng agent nd re pre ol when t he
i s sWd%T% %gc?lomb?e s‘{éﬁeas S L‘&% %%%)%(yo?aﬁghg&rrbg%eo e

pol ymer as’1n case o onate. Such sol vents
i ncl ude pol arso3eénventiscBidehpelaragelvemss Sudh {3 acehpgir 8FFr EheFrahydrgfgran)

chlorinated hydr %%rrgggn%sds HEE-R3 BB LoD ChEQY1ERe chiorfdd ernatively

ot her non-polar conpou such as mneral oils in which 15 _ the coup]ing
agent is suf fAlcpeErrtiyely SEheT onoPefap EPRIUPHR GHPPT MgReral ol PR

pol ymer, 18r e dhgefoupling abend Vi @uehfriext 1A mSkeiblanto raspet SN tthe 0Sdupaiing
re-extrusion and to insure that the coupling agent is well bl ended
into the pol APEPE @ POLYWSFy AFaPFSM preferred enmbodiments it is preferred

that the coupling To avoid the extra step and resultant cost of re-extrusion and
to insure that the coupling agent is well blended into the polymer, in
alternative preferred embodiments it is preferred that the coupling
20 agéﬁﬁ be added to.the post-reactor area of a polymer processing plant.
For example, in a slurry process of producing polyethylene, the
coupling agent is added in either powder or liquid form to the
powdered polyethylene after the solvent is removed by decantation and
prior to the drying and densification extrusion process. 1In an
25 alternative embodiment, when polymers are prepared, in a gas phase
process, the coupling agent is p;eferably added in either powder or
liquid form to the powdered polyethylene before the densification
extrusion. In an alternative embodiment when a polymer is made in a
solution process, the coupling agent is preferably added to the
30 polymer solution prior to the densification extrusion process.
Practice of the process of the invention to rheology modify
" polymers yields rheology modified or chain coupled polymers, that is
the polymers which have sulfonamide, amine, alkyl-substituted or aryl-
substituted carboxamide, alkyl-substituted or aryl-substituted
35 phosphoramide, alkyl-substituted or aryl-substituted methylene

coupling between different polymer chains. Resulting compounds
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20 agent be added to.the post-reactor area of a polynmer proc | t.
For exanpl\ﬁowfﬁoﬁlsl urry process of producing pol yethyl ene, ?ﬁ'iﬁﬁgwﬂz‘w
coupling agent is added in either powder or liquid formto the

powdered pol yethylene after the solvent is removed by decantation and
prior to the drying and densification extrusion process. In an 25

al ternative adnsptpaeonslyviisy pésharelev sheaprelfspetty then gasopise?!

process, the,oRMali &k %geéﬁupuin@rc&f Qéﬁé)|p)61§‘¢ﬁ€iedhbih£|tbf'@flyﬁ@.‘ﬂdﬁckﬁbnes
liquid form?o t he powdered et hyl ene before theﬁg‘}nsﬁl cati

extrusion._In an 5P?%t'f‘% é n%ﬁ?d%\ﬁ@rP%}YBSﬁ/ c’i’shar‘Fﬁd%c”}tr’Pélea

sol ution pr OpRSAoghésl pRUpdIvIgs AgRRLit Scaingf Bipablya adde dstrenytte a’slso pol ymer
sol ution r|or to t densi ficat Xt rusion actlce
of the pr ceggl%“cf 3’ ‘éﬁ?ais(?% { Fﬁ%?ﬁ 0G5 l%?’f &a?t v.1 A EG e sh" %l ds
rheol ogy nodofieattadiorc I‘ial higiosbéad apd| yighr sxtenisdenalk proceSSteheStpnﬂ REEl S

whi ch have suI f onam n I t e Me st ed
car boxam de, a:ﬁf:tI10 q?)dld Pf lﬁr%@?%ég%ﬁnug gg a%l&y (?éﬁﬂ%?%%gdeﬁﬂ&

al kyl - subst i pmmtmn'amybfslﬁ)%ﬁmﬁl@d nqang |} eand wire &ce@rﬁlq Apsplatieen

di fferent polyner Rﬁ@@icﬁ? m%%igﬁ'&ﬂyﬁeﬂp%%@dl?seful as large blow molded
- 14- advant ageousl'y show hi gher | ow shear vi scos)lfﬁﬂy t han the

origi nal 10  apgialesr dupi&ot Bhe SighehdontshegRgvistesher BARI HEORLE {55t pREymer
backbones.  and the maffteahe@y om)@ﬂef ihfiéﬁi&i&ak%@%o&ﬂtﬁ@byr@o&e%ﬁﬁhlbﬁﬁ%
controlled , I'heal o)gl cal erties, specifi %agl y i mprove melt strength
as 5 evi dencéﬁd’cﬁ?tFﬂc)? p&day- S’Fl’(fé’l"svrys'céglqv& BB 88TF SehPhher
orientation highirght shamhgeindohaghice xbeniconal dgfbotEsioasos pakt A coming

nj ection molginqyf | MEXILUS0R hPhOUAE $AREL1LALENHALRN 1 BET
producti on, pro e &t Plsion, “foars, and W re & cabl’'e T nsul aton.

Rheol ogylsrodbettatr publirerstabild thsed weasyrddabyelayl shearoVieePsity, asr filkéws

due to the h'f?Pq{etth}.N SH18AEb M52 G084 tn»éasm Bp R S DOl SR ey, maegbféﬁe
mai nt enance of the high shear viscosity gr ocessability as i ndi cat ed

by high sheaP“%“é‘fFGs%’ﬁPlth"’brfSFl$’E¢e€x§‘|"iﬁ§‘i96 YR e¥ptd sgeEsing of; dforppgion
strength to ayoink %agﬁﬁdigoﬁrtriieﬁwﬁ)fé’r&tsl Afadifref it 306 (BHeBd viscobi®Mwhiien di e

as neasur ed b\rllows eal '.scosit;_/ as bIovvnfllmfor'
a e-aspec S e inven iO
20 - Polymers rheology modlfled accordlng to the practlce of the

invention are superior to the corresponding unmodified polymer
starting materials for.these applications. due to the elevation of
viscosity, of preferably at least 5 peréent ét low shear rates (0.1
rad/sec), sufficiently high melt strengths to avoid deformation during
25 thermal processing (for example to avoid sag during thermoforming) or
to achieve bubble strength during blow molding, and sufficiently low
high shear rate viscosities to facilitate molding and extrusion.
These rheological attributes enable faster filling of injection molds
at high rates than the unmodified starting materials, the setup of
30 foams (stable cell structure)as indicated by formation of lower
. density closed cell foam, preferably with higher tensile strength,
. insulation properties, compression set than attained in the use of
: - coupling or rheology modification using coupling agents which generate
- free radicals, because of high melt viscosity . Advantageously
35 toughness and tensile strength of the starting material is maintained.
Polymers resulting from the practice of the invention are

different from those resulting from practice of prior art processes as
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15 better bubble stability as neasured by | ow shear viscosi t¥ fibers
for betterWOMPAA4i | ity as neasured by high shear viscosity, Fﬁuéa‘m@“
and wire insulation for green strength to avoid sagging or deformation
of the polynmer on the wire as rreasured by Iow shear viscosity which

are aspects of the, invention. ymers rheol ogy nodified
accordi ng to TIRERpFLER E&7 SRt h'Ig‘e P°1Y‘Weﬁ§e‘?ﬁ |t5ﬁ RS eRh pEVERY Lop 2 gore
correspondi ngt 1exApIE f(ledep dlpreral modumtsaﬁéas&gedrmyemsms: fro6-d2heses 1ower

applications due to the el evati f Slt referably at |east
SpBercent at O\G/ai/ns seé?“e?%‘freda%)ﬁg%rlﬁ D 22?3?1%/ g?‘ e“I‘gf ?’c’?eg’ﬁtll’ YRFGH SRS t
strengths to Giscildsetefior Partaddan chatenty d@Bumertte 78R 91T, 0THes pohgnerbosf axanpl e
to avoid a9 MSEHQ 1%@@5Mno%ﬁaﬁ1Q)nP?5Vﬁd melt‘:[ %1§%€Eﬁ§x\é§h%*&9r aﬁ %tiggenzgtt

during bl ow nol di ng, sufficlen ear iScoSI'ti es
to facilitat edﬁlad?%\g'eaﬁ‘éir@(wtmsonbetter dﬂ&?@bellf%or-b@ dal higher i mrites

enabl e fast ergddehbiGsOheddUreq i Re P tdfsion thah \megnnrﬁcﬁ:.§§ d %@E’ﬁ&e
ce

unnodi fied starting materials, the setup of 30 foans sta
structure)as FIHFCEEREE By theawmrfﬂbﬁg énd| tR%ge part baevﬂmlghm -oSepedaltly

foam preferaid ¥hwiddzehbg I‘liﬁfteir@:ﬂ%leﬁs ger emﬁaholefms laﬂ@ Wiadl QRoRLORErti es,

conpressi.gn set than tained, in e use r heol og
0T § aatiton TRARETE o Hhefhd Sohertes srsentguming, £HatPis flaten’ Ahen 19"

modi fi catilon T3
because of hiephilnbted bysrh:eslstyrtmédva‘drageousl y 35 toughness and tensile

strength of the starting. lat S | S
resul ting fromthe p?trrjgcfgfce g? tﬁ)ﬁegl %%n §$eratwns dFPER & eEF ¥'{’E§‘r}1 tRose
resul ting frothepraketwhieh ofampe orsedr to mos@e-wésla@brlcated articles @d’l@\amts n

CA 797, 917. TheuPehd Feksultibhe ALes hOVaRL |
(lower flexural_ nodul us LFrea%ured gy %H'(I;M %}/790 g%ﬁgﬁn aglous m%éﬁﬁr ness

(measur ed>by FEEIDPFogeser) (fomexamRle. | Heal dﬁﬁ?%ﬁy%‘éMMsed in

Canadi an pat WQmﬁlﬂcmﬁbﬁ m@byrarus Oofoluhe 69 ﬁﬁrﬁa%@-mh' pention
i s hi el ta as neasur ed

show i nprove el,as t hat "

by DVB, bettgzr&'darE%?A/ab du%ﬁ%’f s §ﬁé$“ %@F%mg angt‘?"eﬁﬁt #7852 Heasur ed
by nelt tensi'tinjeheient Meldwmo'dhxénnepl‘qmﬂlyaen. and k?lowcmuhimgm}fdce‘sébs (for
ther nof or m ngeﬁe\glé Algee p&efsfcr% éye 9-91'%%9? ¢ ol¥eropeqid fBol NG cgase of

i nterpol yners of al ‘pha-ol efins and vin there is
better sh®ar PHCREF ﬂﬁaﬁtwevs"%ug‘ﬁeﬁ% FWBFPPIT él PP. 2EX{#1Bi t'Eettiysicne

starting mat esiow Molding", ), praﬁﬂiéeeiﬁfﬁsESHﬂ/cBYEKﬁ%r@Bgrn%hé'ﬂﬂlt?@éi&#” ons.

within the skill i h éf d canlbe used to form useful
fabricated article F Eﬁﬂqgg-mo ifie 1nterpo ymers of vinyl aromatic monomers

and alpha-olefins , processes for making them, and intermediates for
‘making them of this invention are useful in the automotive area,

25 industrial goods, building and construction, electrical (for example,
wire and cable coatings/insulation) and tire products. Some of the
fabricated articles include automotive hoses, single ply roofing, and
wire and cable voltage insulation and jackets.

Film and film structures particularly benefit from this

30 -invention and can be made using conventional hot blown film
fabrication techniques or other biaxial orientation processes such as
tenter frames or double bubble processes. Conventional hot blown film

- processes are described, for example, in The Encyclopedia of Chemical
Technology, Kirk-Othmer, Third Edition, John Wiley &.Sons, New York,

35 1981, vol. 16, pp. 416-417 and Vol. 18, pp. 191-192. Biaxial

orientation film manufacturing process such as described in a “double

bubble" process as in U.S. Patent 3,456,044 (Pahlke), and the
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fromthe formul ati ons disclosed herein, including various injection 15

mol di ng pr WEeW48421 f or exanpl e, that described in Mbdern Pl afGTEis98/16213
Encycl opedi a/ 89, M d Cctober 1988 |Issue, Volunme 65, Nunber 11, pp.

264- 268, "Introduction to Injection MIlding" and on pp. 270-271,

“Injection MIlding Thernoplastics",) and bl ow nol ding processes (for

exanpl e, t hatProesesdshaSFHPbRBAUT N - Pi RACERYS %ﬁé%&ﬁpég?edﬂ&g) + [-§- 2RpteEt ober

%/gfg | ssue, \@lslgmagiﬁﬁ (Gdt,\matéw dk. lpiteéﬁlz ;8208557 Ewaﬁ:itdanonﬂ .S. Pat&hOW T
ing", ofil e extrusion ca enderin rusion e
r heol ogy- rmdl‘flséa P54 dPBreerS-S% ér‘rgF? %h’b‘?‘rﬁ;sai )+ Ugfhy Patent

al pha- ol efi na,,gzprmsesﬂeﬁ:a‘mét rmkl)ngz@emcmdus&zenaed«mbeserﬂoru s

maki ng them S, I [ eful i eg auyf, tive ar

i ndustri al?’ gg%a S Lbdlggéf%g gg‘ésat %ns r‘—"ulct)i’oynndt te}r ect’ ragc ?59 465% r(rp‘fs’tl‘q et
wire and cablal ancamngsq: feubhatd ¢o) maked £ilm @tppmsfrcgonbe Gfovehe
fabricat ed aréamgkgélan@%égd&lsga%@tewe ha ef%amsgmlc%upésv caﬂogz{sggbeg& e as
wire and cable voltage insulation and ja mand fi1lm
structures paasceiped ip dFSrRE- ﬁrua@m%qﬂhslw- spefy @6t Feat dperl dan oeiensge
usi ng conventjaRakofAlenbl own film fabrication techni ques or other

bi axi al orlentatlon processes such, as tenter frames or _doubl e bubbl e

processest® Convent POIsH ™Rbtt -Bp¥sn £ Fp anufactyr ine Leghniguesqiee fPpRd, for
exanple, in Tﬂi&:kEQCﬁgﬂa@pBiﬁaileﬁs Ghrendestirived inTeadwaahk @yg,golﬂa rvet® Pidirics,

Third Ed|t|o Q Sons W 35 1981, p,.416-417
and Vol . r&EYp%q E’@ﬁr f92 r%lgf ik JEme o% lé’?\ AP ﬂ#f?’f?ﬂnﬁ?a&% iFThgnd in
process such apegtesegiidneBagivsy Yyddbbhas I. Bundebl il Bgtousiag Manubl S

BatSenJI[:’a?eflftSG ,Qr g a a g):i %nd I‘ rties p%) 31 80 (pﬁg.ggﬁ%gg§ %%&b?ﬁ%ﬁe

Pat ent 4,320, SQPZQV‘arren) U S " pat ent 4 837, 084 (V\arren) U.S. Patent
4, 865,902 (CGolike 6efhedkidms Ha)$ béaﬁ&‘i‘cmayer oﬁm@?&:l&%r(ﬂ'ﬁfn&an 8k @-:’.ln) makk S.
Pat ent 4, 952,451 (Muell er Pat ent 4, 963, 419. Lustlg et _al . and
U S. Patent 5334 WS (py ﬁl@n or” alsq be) cogxtruded yify het Aaxe i) At

structures frouwa tthem nﬁmebe 1am1ﬁmsﬁ¢mm°dmcnaia&j(sblenelanse&'&tﬁafryl m

structures Cag eai."l rpe suc ghat deggé%eldbgg Halk & fnenl‘gcgdsf lhat tlggp:{” qug?
such as that U%eqd Tor &ori en JI W—g'rreg—fo—————z%—ner—
nul ti-1ayzr f#imemahufleokind agdtdasien E]ué@rtmtfooodl”l) Ppackagidegcribed in

appl i cati ons aé&,&!@é&rdnbs&lr Iaaer@gaz%lﬁgod@ Wish S2hesti Ga c.x. Pynd]! mer

A. Jenkins and Janes P. Harrlngton . 19-27, and
. Society of Plastics Engineers TEC roceedlnqs, June 15 17 (1%81),

pp. 211-229, If a monolayer film is produced via tubular f£ilm (that
is, blown film techniques) or flat die (that is, cast film) as
25 described by K.R. Osborn and W.A. Jenkins in “Plastic Films,
Iechnology and Packaging Applications” (Technomic Publishing Co.,
Inc., 1992), then the film must-go through an additional post-
extrusion step of adhesive or extrusion lamination to other packaging
material layers to form a multilayer structure. If the film is a
30 -coext:usion of two or more layers (also described by Osborn and
. Jdenkins), the £ilm may still be laminated to additional layers of
. packaging materials, depending on the other physical requirements of
the final film. “Laminations vs. Coextrusion” by D. Dumbleton
(Converting Magazine (September 1992), also discusses lamination
35 . "versus coextrusion. Monolayer and coextruded films can also go

through other post extrusion techniques, such as a biaxial orientation

process.
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"Coextrusion Basics" by Thomas |. Butler, FilmExtrusion Man cad
Process, NYOM1IYUR  properties pp. 31-80 (published by the TﬁgkstW}f&? 15

(1992)). The filnms nmay be nonol ayer or nultilayer filnms. The
filmmde using this invention can al so be coextruded with the ot her
| ayer (s) or the filmcan be | am nated onto another er(s%ﬂﬁj
secondary opEFEEPHIPT SORHINGs 1% HET E’é%té‘rer‘é‘?fhPhq‘F?aéR‘é WEUETHs Wth

Pl astics, by ﬂ%@tliﬂﬂeﬂ"efﬂ& sdBidtupes aiddnd RS n&ell‘hb&tpd’!gtﬂﬁhs( BQQ&J):Lb@B t hat
described in " trus&on For . Barrier Pack %E% htr?gk and
C.R Finch, hereuSoc £ \POFEL PTRPP AL OB oF IS &C r 58 e(flyﬁgs

15-17 (1981) ,film strmptuﬂe’l.l 22k lalrf t@ casnofidyer eftirugiers cpabihacéd aifdat udid ar
film(tha bl o t ' . dj h ' |
s 25 doSor iBEEYR A Habern A GAATeiR fofea bl b AlbsBped Aikndd [ 1)
Technol ogy anich Paelkipginnet Appbiciaveores’ a( Jesttabded eRtpdaghi ng Co.

Inc., 1992), then fegﬁeéa-ﬂlsp st f0idiNagughian addbtinabnRbel

ext r usi on step of esive or extrusion |lam nation to other packagi ng

mat eri al | ayeqosreditiopm desenibed Rerein crmRtiFeeat |1Pagheme; Laygrsof total
coextrusi on Gfuik¥Waydh BDIWE skay@ute( 2l iPedersierbask Bie Q&ﬂ@iﬂay@i‘dstructure
Jenkins), the filmmay still be |amnated to agdltlonal ?%/ers of

packagi nd®rat ¥IEUeS PulepehdPhgl BHEEAEDPREF SShyTar rdqulPEifénts of
the final filgerue hm*alnaaymsOySconﬁmm:rousuwféoby DarDubheterials can be

(Converting Iva t%Segtenggsrl %)S al SP t%'et?icéjes esusle%maga!&drontQS yersus
coextrusion. no ayer §YeoextPuded fi T can a ougR™ot her
post extrusi orayleecimm}aesamesﬁclm asrac'inram eﬁon@rqﬂermase: mterialSpnmlesls
L  foil, nylon, ecrpEALALA01 CORLKOD (SoNPleoBBRICL, [RAYDLANTLAL
pr oduci ng nul tilayér frimstructures using the novel compositions

descri bed® Chlﬁé%‘?ﬁ fEVIRe Relthydapp SerpuphateifrPE® arTieded one | ayer
of the flﬁdﬂyﬁi&éﬁ%ﬂéecoﬁbmét&ﬁrléﬁeﬁﬂﬁh facbeateexhvmﬁlceaom&&gng is a
flat die %Vghrrllel ue. .. Age %can e erXtrut%yﬁe ¢ E g a
substrate e| { Frw e R IhEct RN BT Ay ef g 6'5& PFUded 3% udat e.
Ceneral | y f or (marul ddpodymesrsf, i LIPS, r BRRRIS BDPE.heyhm/ebraft adbepiosi poyBrs
described hergip -'S%H}H}es%a%& &ﬁ%d?ﬂ% PJedOEoIJLGEh%Pé:?eB . ana PbLl] ayer
filmstructure. Ohe ayers of e nmu ayer structure

29 Genérally, the multilayer film structures comprise from 2 to 7 layers.

Articles prepared from interpolymers of ethylene and a vinyl
‘arcmatic monomer are optionally and advantageously crosslinked
"subsequent to shaping (fabrication). Crosslinking before fabrication
often results in localized gels that undesirably introduce flaws.

.25 Flaws are sometimes wvisible or can reduce such characteristics as
tensile properties or toughness of the final article, crosslinking
after fabrication. Introduced in a step subseguent to fabrication,
the crosslinked net work of polymer is advantageously distributed
evenly in the resulting article so that the reduction in tensile

30 .properties is minimized. The crosslinking in the second step is
optionally accomplished using any means within the skill in the art,
for instance radiation, including e-beam radiation, or heat. In the
case crosslinking by heat, peroxide, azide and other crosslinking
agents are conveniently added before the article is fabricated and the

35 fabrication temperature is desirably lower than the decomposition of
the crosslinking agent. One means within the skill in the art for

achieving a sufficiently low fabrication temperature is adding oil to
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10 I nclude but are not |limted to barrier Iayers tie layers

struct ur al WOBP8P4210r conbi nation thereof. Various materials ESAYHE8/16213
used for these layers, with some of them being used as nore than one

| ayer in the same filmstructure. Some of these materials include:

foil, nylon, ethylene/vinyl alcohol (EVOH) copolyners, polyvinylidene 15
chl ori de (PVD@)E rerdfiny o dduae ther ¥isgasakat eTPPEHI)OSSéW‘@‘it agricle

pol ypropyl en aﬁrg?a)geoﬁ&%rﬁgeiwewbmﬁﬁ%&si& CEVA)s GeRRUBEEP ASTM D 395-89

et hyl ene/ acr Ic acid copol ynmers, ethylene/ nethacrylic acid
(EMAA) copol W@F‘sthq_EDPEﬂq-lBP@rq_E)F’FSW\‘U?’F §reh PTEHFHES] 0SBy ARAdY and

(for eﬁirfpl €, a1¥eked G ve iy iwhidedsy Gledt tbopab iy Ay me)cmemdepam@bs;%n
Ceneral ly

t he rrultllaerf | m structures co rlse m2. to a
Articles PrefBg 949 hﬁ?ﬁf 3?]98?’% egsfr *BEHACERE ﬁ'& g”e\/llﬂ'f/?ntmn ‘X’H'rc mat i c
nononer are Ofinteiwd Iuyxremi:eadmstsagmcnngl ggenos sthenkedsslinkimgilagegueist to
shapi ng (fabrl ati . I nki_n o) esults
in localized %Iléhﬁ%t . %?%?rg I ygl Sqéﬁ%%Qg{:i&ﬁ%bZ © pE}%&futlg&l
sonet i mes vi sazide) dqefgaﬂ thed decompge bt isima cemnerrrane ©f the poly(sudfientle
properties Ol 541 QHY WEE%EaB{edt be Jlt@%aﬁvtehflﬁdeﬁr&ﬁ:%l.\:' EWp'igng Tfa{ﬁ§r
fabrication. Introduced in a step subsequent to fabrication,
crossl i nkRéd nEesfdbinkigs AFNEE ngeﬁcRPéﬁFad?éﬁuQ?SP“E’P§%?‘1°BUP'§‘EPeratur%\?§nI y

in the resul tifOpaiyistheosa bbade)t BE FRHEd itdRni the €PSid18nRBthdBGRERY tdnBa1d S
m nimzed. The c¢rosslinking in the second st optionall

acconpl i shed bR ALY AR TRRTHVA ‘t“ﬁj(-?rsﬁ?‘fﬁlf’% REiLiqns to ca“]%r i nst ance
radi ation, i rmiﬂfﬁlbrtgxtecbmmmm(_ﬁtbomtmﬂudfeaihtrinnantlak amounts:aﬂelocanzed
crossllnklng b hea X Z i} ts
are conveni ent y adg“hgg olrlgg hlg1 gg?l T ewlﬂs %a%g?nqgg d&an hmoggt o
fabricatiign tmﬁaebmkUla@e|®etdemmabl yahowdth tihgnfined gevinipotd thieopreduced. )

the crosslinki{g,ag&NasNGiTBALS1WhE S a%,&& a.&lé&%&é&%él&&&%&a at a
achieving a sufficiently |ow fabrication nperature is adding oil to

the resin to PG TRETITECOSF tiY, IFRELTEPESIITRKIRPSaFRIT PES e“°°“nterea in
advant ageous| youpasnd O\A/&E»ré)q:lflafeﬁéﬁlg)n @ﬁssaSnmgsageeﬂ by 24848143 38\5;;1&%

t han t he artlcle bef ore craoss rtlc es_ar pti l,

't or nat i vel yENERESBeRePt R tRE Rt LA iRts 18 PRpBEE R sefitent s
conpri si kg a aﬁm@bngqmbnddnéntedam rmeupt)lqtnpclxdfsulltremlnvuﬂen osufifficéent for
contains unr @f}p‘i@n apasStadud Qﬂqs%ﬁ%ﬁimgﬂis &sre‘asﬁ'aﬂléb&?&:s%%‘ﬁ dnd exposed.
optionally includ in a conposition including onyl azi de)
before the detd®ydsitiesr hearpEratauriticiene fﬁﬁ‘Fy%%t&’Pf’Biﬂ/lthe mt&fpﬂklﬁmer
reached or alfhar Ratfor@l Yeswldadn af RigwOBRlbsE gbi, tthen Ihe cohfigduskidkiiRg
agent is addeg before the decogaciletlopter m?cli]ature

abricated into an a the artlcle is heated to

25 decompose sufficient poly(sulfonyl azide) to result in crosslinking.
Oils, plasticizers, fillers, colorants, and antioxidants are
.optlonally added to the rheology modified interpolymers during the
‘article fabrication process. Examples of the use of rheclogy modified
‘interpolymers in crosslinked applicatiops include gaskets, wire and

30 cable coatings, roofing membranes, foams,. weather stripping, and hoses
where the parts advantageously have low compression set and elevated
service temperature.

The rheology-modified polymers and intermediates used to make

.rheology-modified polymers may be used alone or in combination with

35 one or more additional polymers in a polymer blend. When additional
polymers are present, they may be selected from any of the modified or

unmodified homogeneous polymers described above for this invention,
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t he pol y(sul fon azide) is reached then the crosslinking agen 0
be i nsuf f i WO gif"react i ve under coupling conditions to causg‘::'}"'lggsnuéz(ii:5
sufficient crosslinking to introduce detrinmental anounts of |ocalized
gels. (Those skilled in the art will recognize that the ambunts of 15 gel

which are detrinmental vary with the final article_to be produced.) In
such a case ta% BeHLIPE MG HgmedjEhed NSLEFRAPRPYEH POYYERAS ghtPipatons
hi gher t enperajyése or by different conditions than are encountered in

coupling. Mre prefer crosslinkin | s added to couple
i nt er pol ymer or th”g‘efg %/rc? SR U ?? eégYﬁqu p'bléaetd'“%ekf aﬁ?’&tﬁnSH w’ltﬁ‘ 5B
anot her enbodm&emdsgy-&bdmmpommepmla;c(csullifngnyb tadisdbnpventiidn Cadht irftor two

oL 1 Bon e catkBB2lddt pRSkel Brdtpida bR & VIRESLL U Al 4005 2H nian

to sufficient as 0 cou nt'erpo
but to form |tesperdtamre2antdk ihgah n;sswﬂ gm;d thphemr@ner@onpdsuat cgmlrdlstatlon

fabr i cat ed | N\t il cBhdbdaciil GathAsBibie) Sob oEALA] P Forne:

deconpose suf i i ent ol'y(sultonyl azide) to result in crosslinking
O |'s, plastic@ceegenerpily dinewncasi dPHAeRsigh@oarieiosiraeht($DBF)e and are

opti onal | y addpdatriBeq rﬂ}egkmemamsdoﬂ B8y ¥ 88 rdnéd n91£§§>endant
article fabrication process, | es of the use of rheolog I e

i nt er pol Yfer sE5OR EW"O?QFY‘PR&B"“%“FCatlingﬁqulﬁfE‘F{ﬂé’eﬁa’éWshaW Redefdtyo
cabl e coati ngstweanfda.ngo rB&fdi)D&‘I&‘SSg/édlarthhWRaé heslysetd pRBNEhpoaptedtOSeS
where the parts advéau%t aggously ave | aw conpressi on sef ﬁnd el vat ed

servi ce tenperature ¢ use ?hcooﬁﬁég BoY- R P TEN PSPy TP s er or

i nt er nedi at esPh;Qecbst canakest, are gheetaldy - krednf aedlpeévrmﬂsmmybbenussedf
al one or in cgubk V&@ééaﬁ@lﬂ ta%se&i o?r}& Abn BH8n8 At bb?ﬁ:?e'nQ %ﬁé&aﬁ ﬁni‘cs

pol ymer bl end. en addi tional Xners are present,
sel ect ed ¥r orReAAF B fErPRt RO BRFFROGSor ng EnFd Y fHOéMeFi@thQEnEé@@@ pol ymer S

descri bed ab%ef:an;x hasmgnéeaéﬂﬁ@y of 0.941 to 0.965 g/cc, is typlcally a
-19- n C{:Ihfied or éJI’l_n‘Ddlfled het er ogeneousP% éhners or
conbi nati ons °m°p°]t3ﬁ'}?Fe f ethylene, and 4 CORLAIPE FSHAOLE Wof §B SHatpt
may be conbi nedavitd tbhene vari& e ok Q- s vneds R ¥ERAISnaCHRN ahngxto this
invention fall_ into two bro;l;lij kcategorl es, tgtl)se re alred with a free
r adi cal |n|t|%ﬂﬁ5%“a1 Fﬁfﬁs we nown, commercially available in various grades,
20 ‘and'may be used in this invention.
'Linear copolymers of ethylene and at least one o-olefin of 3 to
12 carbon atoms, preferably of 4 to 8 carbon atoms, are also Well
known and commercially available. As is well known in the art, the

density of a linear ethylene/c-olefin copolymer is a function of both
25 .the.length of the d—olefin and the amount of such monomer in the
' gopolymer relative to the amount: of eﬁhylene, the greater the length
of the a-olefin and the greater the amount of a-olefin present, the
_.lowei the density of the copolymer. Linear low density polyethylene
- (LLDPE) is typically a copolymer of ethylene and an a-olefin of 3 to
30 = 12 carbon atoms, preferably 4 to 8 carbon atoms (for example, 1-
butene, l-octene, etc.), that has sufficient a-olefin content to
'feduce the density of the copolymer to that of LDPE. When the
- copolymer contains even more o-olefin, the density will drop below
'0.91 g/cc and these copolymers are known as ultra low density

35 polyethylene (ULDPE) or very low density polyethylene (VLDPE). The
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tenperature and hi gh pressure, and those prepared with a coordi nation

cat al yst awdw¥ogflodazienperature and rel atively | ow pressure. Th&CTHIS9816213

are generally known as | ow density pol yethyl enes (LDPE) and are

characteri zed by branched chai ns of polynerized nononer units pendant 10
fromthe polynmer backbone. LDPE polyners generally have a density

bet ween 0. 91(emsdt D085 tfiase. 1Edpy| ppemeos \aamesabiyl reegsolfyarrds 87 to prepar ed
by the use of, a,c Cd| nation catal yst, such as a Ziegler or Phi I'1ips
catal yst, are gener aIIy known as |inear polymers because of

substanti al absencBCt the AR ENE RaAHPYPBIS FERE ZAR1ABh GRERLNATS §“‘15’Y the
pendant from é&&ab@&&ﬁlaan@ataﬂplbg@ ad-@nﬁélll)/kﬁ@hyahhw&l&@t( HePE}Ye their gmsaél y

having a density of 0.941 to 965 is t al | honopo
et hyl ene, Sand®} PrERARAFAR- r’{ﬂtﬁf‘?QFé‘F “-°r é\ﬂ"ﬁ?’ér‘%ﬁyi ﬁgf‘}'mers 8 5 ?*/%‘918 t he
vari ous | i neafroa0pne \ser chédical hydmpasy asdDewlex™ LLDPEOh®S ias. AtERE™i wL.owe! |

known, connerC|aIIy I lable in Marl o e 0__a be used .i.n
this invention. - q;%‘/:“%'emgenl_e':’u lrmg%po%hgrsea% %?1%?%3 gar?eg:n%: gfar?cgavs.a one
[err]-ol efin Yie Bowcion, shirryaeh @as aplase, p@mbermlynoﬁf dthyle@ecand gme
atons, are also aval | abl e,

nown' i o the S oz epronal WrilePRC SRIREE A ¥nfBeadis or R AtRo 01 yrer
I s a funato onNaafrtabodtaly@b, byherdassgeh withiherhHeeskillolieftihe and suleb asraret of

such monomer iﬂutsEFated bgfﬂ-?:L {scﬁfé%f g}é_eu.tso EQE‘%E gH”t4 ‘Bflsﬁ] ytgne, the

greater the |engt err I n an reat'er e anount of
[err]-olefin qwd@gem et; pd. . Prefewablyhdegercdangoes athilenspobivmers ax¢ near

| ow density pglyekiv %sracter(ﬁw%@ hd®i gy Rb Kehh ¥ a.,qupplaw@h&fnswyl ene
and an [err]- o efln of to 12 carbon atons, erab to 8 carbon

atons (for ex¥di ln1the rangeblﬁfeﬂ’é’mi Dt fiel - etREJ'?"a“tthﬁ’ts%‘%l%‘tff PF it
[err]-ol efs n 6f)n:1he§é dlasses d’fGﬁlhl&&'J.hh]E GadstHet rohetHoas COD @rypayationtdiat of

w1l drop bel Baynin o GREH B 5f8 RES ASBRReR e kbt i denu s Tow
density 35: pbageeﬂ.thwer%e%@JLﬂBﬂ?E;mcbrtheep@tehowU@enemry ipoteferbyl ene (VLDPE).
The The following examples are to iff%gfrate this invention and do
not limit it. Ratios, parts, and.percentages are by weight unless
20 otherwise stated. Exampies.(Ex) of the invention are designated
numerically while comparative samples (C.S.) are désignated

alphabetically and are not examples of the invention.

Test Methods: _

25 The viscosity of polymer as a function of shear rate was measured
according to the following method. A dynamic mechanical spectrometer
commercially available from Rhe&metrics, Inc. under the trade
designation RMS-800 with 25mm diameter parallel plates was used to
determine the dynamic rheological data. A frequency sweep with five

30 :193§rithmica11y spaced points per decade was run from 0.1 to 100 rad/s

_a;.190 °C. The strain was determined to be within the linear
“viggpelastiq regime by performing a strain sweep at 0.1 rad/s and

Q_%?Q °C, by strain sweep from 2 to 30 percent strain in 2 percent steps
tq determine the minimum required strain to produce torques within the

'35_ ‘'specification of the transducer; another strain sweep at 100 rad/s and

‘190 °C was used to determine the maximum strain before nonlinearity
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densities of these linear polyners generally range fromO0.87 to

g/ cc. WOSNM h the materials nade by the free radical fﬁwwlézﬁnd
by the coordi nation catalysts are well known in the art, as are their
met hods 5 of preparation. Heterogeneous |inear ethylene polyrrers are

avai l abl e from The Dow Chem cal Conpany as Dow ex| errL1 LLDPE and as
Attane[err] UpgymEred accpedingsto HdecPrrfequot diprirssd BY nly| EndP9sdvyars &- chn

be prepared Vigssbrun} MleSOIRKeb My ShallTty R61Jas PlaRSecy Grpo8ddingt | Oanof

et hyl ene and gne or npore og)tlonal [err]-olefin cononomers in the
presence of. aNAEEPRr M6 YRk (X ®ral yst, by processes within the skill in
the art such Bkl aeeting waéIdelrsb:l‘midetﬂnbaynﬁ.hﬁ@ndbm@eosednﬂnmmikéox%tﬂ% No.
4,076, 698 Lo degradA@:. ler son et al .. Preferably, heterogeneous ethylene
polymers dre pically characterized as havi ng nol ecul ar wei ght

di stri buti onsThe Storfkqeemcc]hﬂll\.{seﬁ(i!’]) (inckudéng cimg@alpfe £) owvasdmBasgured, dccording
Rel evant di scys shanfofiowbl helfioa. Af abfifine WASRESICbpdRiEhLALS, and their
met hods of preparation are hi'n the skil |nt e art as illustrated
by those foungemereigly a"allPH%%rﬁr°NoRhe&m950L°§4in%-nGn@ﬁ”e thater®ds to which -

it refers. desw.gnatlonThﬁA-flql Lo RAd XA BBLESh BME dftal. | A UShpetfutbi Sweep
I nvention and do not limt it. Ratios, :E)arts and percent ages are by

wei ght unt®ss¥ah Tunqiiely aprroximagely 7%Fr%l 0°E By 55F/15%58 ¥Yiedfi®n are
designated  equinubedidical delaphat eachngapat Tivee csanfllagsry Gr8qlerfyewsesi gnat ed

Al phabet i cal |y & 20 L, SHRNRLSSHOf dhEol CB rcene acadlegh EtRO0S:

25 The vi scosft yirer “as a Tunction

according to t.mefasmg)wnngomtth@d%ﬂpd;mnam @i jwethertsc whergpec tuhenetsue
commerci al Iy aa@ze' @Qéet B O RN b £ b ugy h& bkagde

desi gnation RMS-8 5 2%] e'fli;lrétgrar\e‘ter ¥ gﬁm Qﬁeastetés&wass Osed To The

det er mi nel% he7d%/1'fﬁ‘rrP%rar1HéblRigFEaﬁlx(§a¥%ﬁ WA’-’? rlé;@éew aneiay tipl lgapi gf 136 mm

| ogarit hm cal by spacednRoidipiePrds daSaciRaNVasd e fRDADTD .ok 16090 £/ s
trai.n was deterni ned to be within the |inear

at 190 [err]C,
vi scoel astic T8 rgir’re%f)"if':]f@’i‘f"if‘lsr’de‘?f{j"‘gﬁds"i’rr di*R"S\BREpthit 1BS4TYTSEF S*agngooled tggp
[err]C by str2diT sndemef tewn Btéxred) pBrecEOld Suhed ioni forkepes Ciiat thé eps

to determ ne ll;q?,qg?n r ro e ues th|n the 35
speci ficati onEo eé%%éﬁgggrg&é%%%ﬁie% % rng‘l nggﬁc/\teé:kg&f 166 2572 %Fnd
190 [err]%® waSoekasd) th ndeTegemi AoV iTrivamentx |Wﬁﬁmastlram¢dbelﬁmuehmlthﬁear ity

-21- ' experiment to minimize oxidative degradation.

A thermomechanical analyzer (TMA) commercially available from Perkin
Elmer Corporation under the trade designation model TMA 7 was used to
25 measure the upper service temperature (UST). Probe force of 102g and
heating rate of $°C/min were used Each test specimen was a disk with
thickness of 2mm and diameter, prepared by compression molding at

"205°C and air-cooling to room temperature.

30“'{xylene Extraction to determine gei'content was performed by weighing
out 1 gram samples of p01Ymerﬁ The samples are transferred to a mesh
basket which is then placed in boiling xylene for 12 hours. After 12
whdﬁfs, the sample baskets are removed and placed in a vacuum oven at
. 7150°C and 28 in. of Hg vacuum for 12 hours. After 12 hours, the
- 35 samples are removed, allowed to cool to room temperature over a 1 hour

period, and then weighed. The results are reported as percent polymer
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occurred according to the procedure disclosed by J. M Dealy a F.
W ssbrun, W@P¥10ABkol ogy and Its Role in Plastics Processi ng"PCTW?S’“z"’

Nostrand, New Yor k (1990). Al'l testing was performed in a nitrogen
purge to m'nimze oxidative 5 degr adat i on. The st orage nodul us
(G) (including in Table 5) was neasured according to the follow ng

met hod. A dynextivechedh&aresit speactedet dinitial peighsrEingl yeiahh)Vapltdalr om
Rheomet ri cs | g gnbng&lorliigy tcbafl€mm p-2763e8kakabikoA"DA- 11 was used to obtain
DVS data. A terrperature sweep 10 was run fromapproximately -70[err]C to
300[err]C at 50[err]C/step with 30 s equi libration delay at each step.

The oscillat Oféhéluewéywﬁsw&re detefmidtedndys coinpiesation WA figiuy 16 ungdy on
of 0.1 percent_strain _initij

ally,, i ncreasin n positive 100 cent
i ust monts WARIGE: | RBSLIS qagtinens yisds EREY 0P ol BRode FRecind, Pty
strain was setedtled?én @ar crstrumdine cbﬁmerclaglyrmvpalaﬂleefrqm ahetfarkt ures were

used with an jnitial.gap e t a

inserted int ob?zf‘? ?z{'ﬁg\ u&fge 1§8Terrf&)des$hnétqg[“ H%—ﬁ%ﬁé %Sﬁcmozﬁ lﬁé frame
engaged at 16@$imar PG Hndnehel 2. Astmumbero-hessideobantblies measureqdGC and the
test started. JJAA&W&LU&@%I %m&ﬁe&tzsﬂ&;/mm;e Tens{ NELEBb-LXPRASI ON OF

contraction as the test chanber heat ed cooled.) A nitrogen
envi ronnedt wakongarHmiasebreaky oW?oEiFaﬁq‘?éd in acé?%_"icﬁe‘l’]’ttht 8SH B-AtZe

oxi dative degirdabuihess was melsldt@r 89 rehehardC ahadhahyZ&irecdMrain curve.
commercially available from Perkin El mer Corporation under the trade
desi gnation nodel TMA 7 was used to 25 nmeasure the upper service
tenmperature (sl )nelE’fﬁfﬂéxfﬁS:@e@éuﬂaﬁZg:mdlng to ASEAD-NZEY absdifion

50[err]C/ mn were used. Eac t specinmen was a disk with t hi ckness
of 2nmm and di AALEE?: lsngbEﬁrg‘ﬂr{K/ B¥h 28 SPUH AT dilng at 205[ err] C and
air-cooling to roomterrperature 30 Xyl ene Extractlonto det erm ne gel
content was pg f y n Qut ram sa S, Qf poI «._.The
sanpl es are tr{éns errer Wefh%c’k %melt Stﬁ:enﬁérf Chos ? en plac {ilnary

boil i ng xyl enghéametep ctmpsclaAﬂYearvaizable frmt;nstrqrhé‘osmqﬁteo@amaetstlw e

removed and pLagRd abfi gha¥86HURLENE] cabillary Mokedl 411 Codfida?Biida RE1d
vacuum for 12 'hours. After 12 hours, ‘the
s*renquh teskter commerc1a11y ;available: from Gottfert Inc. under- the

20 - trade designation GoettfertaRheotens. A capillary rheometer is usad
to deliver a polymer melt through a die at a constant throughput rate.
The melt strength tester is used to uniaxially stretch the molten
polymer filament using nip rolls. The required ten51le force is
recorded as a function of the take-up speed of the nip rolls of the

25 melt strength tester. The maximum tensile force attained during the
test is defined as the melt strepgth. In the case of polymer melt
exhibi:ing.draw resonance, the tensile force before the onset of draw
resonance was taken as melt strength. The force values were not
corrected for the weight of the extrudate hanging between the nip

30 'rolls and bottom plate.
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35

sanpl es are renoved, allowed to cool

peri od, arwiowdresuzrei ghed. The results are reported as percerRCHUPIBHEE13

-22.-

wei ght)/initial

extracted. Percent extracted

wei ght accordi ng

(initial weight-final
to ASTM D- 2765 Procedure "A"

Tensil e properties were determ ned by conpression nolding .1/16 inch 5

pl aques.

Tensi | e speci nens were then cutrablem t hese pl agues and

to roomtenperature over.a 1 hour

tested

on an instrunent comeEoeditiopsafed Rhédtensrosght] gtrength meas@pegamtat i on under

t he trade designation Instron nodel

1122 | oad frane

usi ng 0.870 inch

(2.2 cm m
i nch/mn (11

ro-tensil e sanpl es neasuj
.7 cmmn). Tensile at br

ed at anRheoteggtMeldi Bvrength of 5
eak and 10 el ondfigthesh at break, wer¢

h

measured in
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according t

!

alode rafaRokymeaixrt heJASENY D- 41
er the stress/strain cur\y
ASTM D- 1238 conditi on

ZonstantTReeawghMess was neasured a
gInstron, mirtomeli-4 pu&masorddsar e
1.0iWerrITY™B Ko(fornmerly known|

Condition E
usi ng a capi

Shéar RateTde dZetwdldrt or
Il ary r heonet er _conndg

Rheoten nelt strength was neasured
33 alty available fromlnstron

iﬁ

3

as

Cor por ati on
coupled with
Cottfert |nd
capillary rfk
a constant t
uni axially s
required ter
of the nipr

force attairn

t he case of

before the d
force val ueg
hangi ng bet v

10

15

20

(Tegperathze trade desid

napiwn Instron Capillary Mdel 3211

DdelBidmeter Sifength test

exr.1cemmercl ally available from

Didntigthne 20 trade desi

grzatmmon. Goettfert Rheotens. A

@ypeter 15 used o 4

eoi ver a polyner nelt through a die

at

THiQUGAIOUL T at e. The

mplot mst rength tester 1's used to

WelbEItyl BE WRichChelt Pq
YeheidmoeeméB: strengt@chs d
oldasurdd t:he 25 nelt stre

[yexreabld [ anment using nip rolls. The
ed as a function of the take-up speq
ngth tester. The maxinumtensile

eGh) Mz i51%5g 0t he test ils defined as the nelt strength. | 1
p@&) yMEr< FepPt exhi bi tli ng draw resonance. the tensile for
mseelefatdpaw r esonance 4wa®/s“aken as nelt strength. The
RegpetetbData  corrected |f G0 VeE WErggthof pardmanitendate

leen the nip 30 rolls and [pfncemtplbapek or at the onset of draw
R : : : resonance

(2) Draw ratio at break (VL/Vy) or the
at the onset of draw resonance (V,/Vg)
(3) Complete tensile force vs velocity

curve

MI is melt index measured in

g/10 min

All instruments were used according to manufacturer’s directions.

Examples:

Interpolymers of alpha—olefins and vinyl arcmatic polymers used in the

examples are aiso-referred to herein as Ethylene Styrene Interpolymers

(ESI) and were synthesized according to the following general

procedure:

Reactor Description

A 6 gallon (22.7 L), ©

stirred tank reactor (CSTR) was employed as the reactor.

il jacketed, autoclave continuously

A

magnetically coupled agitator with impellers commercially available

from Lightning Mixers, Inc. under the trade designation A-320

impellers provides the mixing.

psig (3,275 kPa).

Process flow was in the bottom and out the top.

The reactor ran liquid full at 475
A
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- 23- ) Table 1
Condi t i onsWOW/1ffdot ens nelt strength measurenment

Rheotens Melt Strength _

Met hod ‘Mode of Pol yner Delivery Const ant Shear Rate -

(I'nstron, piston 25.4 mmmn) for 12

1.0, Q= 1. 351:-:3): migensfer Shéa"fasRﬁi-@”d-tatﬁﬁ‘ é;lrwapq;h the jacket of the reactor to

PCT/US98/16213

33 s[err] Dreﬁﬁ@%&ﬂ& W the heat of reaction. 1Rfter€thd Gxit fdAmethd ¥abELor
.1 mm e Lengt

20 air . éﬁere was a flow meter that mfaﬁu:ré g{rclaw \78?0%?%1%? d\ﬁﬂf’t‘ﬂ’ maH‘l
vari abl e 1tiﬁa§icﬁntné ek tofStthengidetbs were memedretkh 50 psi( 434417 xBaD
(b) M <5.0 Ler : 2.4 mmis[err] Report ed
Dat a 20 stean f‘.’f’) qﬁéf‘? Strength - nmaximumtensile

force at break or at the onset of draw

resonance Procedure

- Solvent (ethylbenzene for ESI-1 and ESI-2 and toluene for ESI-3

and ESI-4) was supplied to the reactor at 30 psig (207 kPa). The feed

10 to the reactor was measured by a mass flow meter. ‘A variable speed
diaphragm pump contrclled the feed rate of solvent. At the discharge.
of the solvent pump, a side étream was taken to provide flush flows
for the catalyst injection line {1 1lb/hr {0.45 kg/hr)) and the reactor
agitator (0.75 1b/hr (0.34 kg/ hr)). These flows were measured by

15 differential pressure flow meters and controlled by manual adjustment
of micro-flow needle valves. Uninhibited styrene monomer was supplied
to the reactor ét 30 psig (308 kPa). The feed to the reactor was
measured by a mass floﬁ meter. A variable speed diaphragm pump
controlled the fead rate. The styrene stream was mixed with the

20 remaining solvent stream. Ethylene was supplied to the reactor at 600
psig (4,238 kPa). The ethylene stream was measured by a mass flow
metexr just prior tc a valve controlling flow. A flow meter controller
was used to deliver hydrogen into the ethylene stream at the outlet of
the ethylene control valve. The ethylene/hydrogen mixture combines

25 with the solvent/styrene stream at ambient temperature. The

temperature of the solvent/monomer as it enters the reactor was

reduced to 5 °C by a heat exchanéer with -5°C glycol on the jacket
thereof. This solvent/styrene stream entered the bottom of the
reactor. The three component catalyst system described in Table 2 and
30 - its solvent flush also enter the reactor at the bottom but through a
different port than the monomer stream.  Preparation of the catalyst
components took place in an inert atwmosphere glove box. The diluted
components were put in nitrogen padded cylinders and charged to
" catalyst run tanks for the reaction. From these run tanks the
35 catalyst was pressured with piston pumps and the flow was measured

with flow meters. These streams combine with each other and the
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(2) Draw ratio at break (Vb/V[err]) or the
at the onJ¥Q 91043t aw resonance (Vr/V[err])
(3) Conplete tensile force vs velocity
curve M is nelt index rreasuredln g/10 mn5 Al'l instrunments
were used accordin facturer's directi Exanpl es: . 10,

| nt er pol yner §a'EﬁlY§?p%]é’ ga BHIYTEC ARFEVPTRAT 5?0 ﬂ’ SIS & 1g%pleed PRESHen
exanpl es ar e1ghedneeftarer eeadtorheregientizey Eedgt enefSimy ren alekshgmrged] yner s
(ESI') and vvere S l’shESI zed according to the foll ow ng general
procedure:. % “Réact or Descri ption A 6 gallon (22.7 L), oil
j acket ed, aut ocl awelywrrizatiopswgs stoppegd apreact aprk me&‘@t%rﬂ{’@TR}lﬁ%

enpl oyed @s E:Qgc{o?ca?{'&fuctpilne astBORRL | GRkt o Cﬁ?piﬁiti‘&k (Rt Q4e kP ki1
i mpel l ers commercially avail abl e from Li ning M xers, IncC. under the

trade desi gndFpesr mixshwiph s"ilﬁﬁ%q)l épko ﬁ'-l“Svﬁfé%O’E m§°ﬁ1‘5'<tr Adne afrer;addon:

ran |iquid f%ke:.at wAYéh measuresi olutidd daER)y. PracRSsié |QWeWasn |tﬁetf5§1e
bott om and out t

heat transfePrBY’rde\%agfﬁﬁeFE’cﬂ'hPéd”t%FBE@WSFHéﬂ]lafi"ll%tadf}ft’t‘f‘?é F%a"tf‘teo?:e"’t‘?}“
renove sone eEfivemthenteaant rmﬁetsmamAfxmr efiteare@xpdstf teanﬁohehéa&:a&bowhat
there was,a fl ow et t.hat, neasur olutiog ensity,

l i nes on§? PESY c{mFgéhté"oPae%c "ot %?’5 rfea(szégvev?n%t ho50 gspl T}HI%PJEJ)E‘%‘
steam and i npattartr@d as the eﬁrl@sedmxéted the post Sedaremt he(aa:tehryamﬂarmhene for
ESI -1 and ESkigsdiid 4ol %E%Egé@%ﬁ&?‘lﬁg peig WEEked)) aba PP eicluf Oshe

reactor at 30 psig (207
kPa) oI pressure absolute at the reactor pressure control valve., This

PCT/US98/16213

flashed polymer entered a hot oil jacketed devolatilizer.

15 Approximately 85 percent of the volatile compounds (hereinafter
volatiles) were removed from the polymer in the devolatilizer. The
volatiles exited the top of the devolatilizer. The stream of exiting
.volatiles was condensed and with a glycol jacketed exchanger, entered
the suction of a. vacuum pump angd wés discharged to a glycol jacket

20 solvent and styrene/ethylene separation vessel. Solvent and styrene
were removed from the bottom of the vessel and ethylene from ﬂhe top.
;The ethylene stream was measured with a flow meter and analyzed for
‘composition. The measurement of vented ethylene plus a calculation of
the dissolved gasses in the solvent/styrene stream were used to

25 calculate the ethylene conversion. The polymer separated in the
devolatilizer was pumped out with a gear pump to an extruder
commercially available from Werner Pfleiderer Corpération under the
trade designation ZSK-30 devolatilizing vacuum extruder. The dry
polymer exited the extruder as a single strand. This strand was

30  .cooled as it was pulled through a water bath. The excess water was
blown from the strand with air and the strand was chopped into pellets

..with a strand chopper. _ .
The catalyst used in preparing ESI-1 and ESI 2 was (t-
butylamido).dimethyl(tétramethylcyclopentadienyl)silane-titanium (II)
35 1,3-pentadiene. The qatalyst used in preparing ESI 3 and ESI 4 was

Titanium, [1,1'-(n4-1,3-butadiene-1,4-diyl)bis [benzene}] [1-
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10 to the reactor was neasured by a mass flow neter. A variable speed
di aphr agm W@B%8431 rol | ed the feed rate of solvent. At the di%%T(HF@)@.“”

of the solvent punp, a side streamwas taken to provide flush flows for
the catalyst injection line (1 Ib/hr (0.45 kg/hr)) and the reactor

agitator (0.75 Ib/hr (0.34 kg/ hr)). These flows were neasured by 15
differential pKESSGE2afllbwnetteryclapentalit phétaathbynanyhtN-ddj Ust ment

of mcro-flowg es. AR gt A yjetaels =} S i ed

to the react o?la?ecq’gge%rgl\g{ ?'3]08l‘ilq l?%%%ﬁs%'ﬁ%a?%é%% t he regect)t!ygjrs't:waui;meI

measur ed by. acreatplyEbwasebis-hydreganahetd dadpeval iyl Sty dArpRRip™

control | ed theeff8dsifitarThSophihPl)Bosht AR HAE £ Qe 1L undBoxdhe

remai ni ng solvent stream Et h){LI ene was supplied to the reactor at 600

psig (4,238 kpaymerrialiy Rypilable: FeomhPMiE MoBat HEE” nyPea thads deF tpation net er
just prior tougayaa @asNkb0ohdddngn fueWamdirkkoimdiebeéd dantasidseea and BWBSand
used to deliver hdrogn ipto the | ene stream at the outlet of t he
et hyl ene cont t"ﬁlr%/fe?ﬁg. EPh8SETHRy PR ydrogen mi xture conbines 25 with
the sol vent/styrene stream at anbient tenperature. The t enper at ure of

the sol vent/nono as, | t r . rjC
by a heat exchanggélewi‘?héa{t%[nl%% 1%8_8‘%%%?{%;) i \ﬁ\ggjdélg kl\én?AJ- qu&fﬁ%é%g%%ak%i s
sol vent/styrene stream ent §red t he bt Comuslyshe MMM®act of . The three

conponent catal yst system described {n Table 2 anqg 30 its polvent flush
al so enter the reactor at the bott om Bexorv/Ei RagicqAL/TI Ragi¢ferent port

t han the nononer stream Plepd&@Sat}on|of theéSchtal yst 10.0:1 copponent s t ook
place in an inert atnosphejdExmnteibox. The dil uted conponents were
put in nitrogen padded cyliind@83-and|charlgéd:% o 10aPuat ys{ run tanks for
the reaction. Fromthese r WiEX2Ri&2t he 35 catalydt was presbured with

pi ston pudps and the flow was neasured with flow neters. These streans
conbi ne with each other_and '

- 25- : Tab&%ttzéﬂ‘yg?tﬂ%ﬁgﬁ%w lifﬁ'ét:’r;ﬁ}?%?d 8 B Py*thESdgh a
i nal e i ni ection line into the ;gﬁ%%%a;ﬂ&é -t he
Zlegiggﬁa!t glde Sanght vineds. Cat conc phofRh, FIY | %ﬁ %s s %%cﬁgg Ll i

m xture floved intd £low (ppm) (1b/hr) Conc ppm | (1b/hr) (ppm)
wr | | ] |

ESI-3 | 0.286 0 0.273 326.3 046 17.6

ESI-4 | 0.268 18.9: —10.286 645.5 0.43 35.1

where Cat is catalyst and CoCat is cocatalyst both identified
15 previously. .
conc is concentration -
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5 reactor product line after the reactor, by addition of catal
(wat er ni xEMOWPAM2Eo| vent) into the reactor product |ine aftéef
meter which nmeasures solution density. A static mixer in the line
provi ded di spersion of the catalyst kill and additives in the .reactor
ef fluent stream This stream next entered post reactor heaters that 10
provi de additional energy for the solvent renoval flash. This flash
occurred as the effluent exited the post reactor heater and the
pressure was dropped from 475 psig (3,275 kPa) down to -250mm Hg (33
kPa) of pressure absolute at the reactor pressure control valve. This

st. Kill
13

fl ashed pol yner entered a hot oil jacqereglu,v faqgilizer. 15 Approxi mately
85 percent of the volatile conpounds &g:ﬁimxik%@ vol atiles) were
removed from the polyner in the devol {&i§ Ba€ty [l volatiles exited the
top of the devolatilizer. The stream {8 “&|T1iny vol ati |l es was condensed
and with a glycol jackefed}]eqchanger, [emterfet the suction of a vacuum
punp and was di schgggedjtofa fgl ycol | %kef‘: 2@ = sdl vent and .
styrene/ et hyl ene sgparatfi op Vessel . Sgfive «;Mfs,tyrene were renoved
fromthe bottom of |4 hg Yygskel| and et hylenelfgaomiHe top. The et hyl ene
stream was measur e wig hoald Ilow net er [&ndudngd yzied for conposi tion.
The nmeasurenent of [xenteéd € hyl ene pl J°§ ai(:élgﬂ@zti on of t he di ssol ved
gasses in the solvent/sfyrgeng stream vgre-itse‘ﬁl tp |25 calculate the
et hyl ene conversi of The poljyner sepggatedmyth devol atilizer was
punped out with a ¢gar; gunp tjo an ext &Qgg ole| ggmercially available from
Werner Pfleiderer (orfondtidHn under thg S < 4 B desi gnation ZSK-30
devol atili zi ng vac%m&éﬂt‘ir ’ilgr. The d %““” Polyner exited the extruder as
a single strand. uwTits stiPai®l was 30 c¢ as—{ -t ﬂgs pul l ed through a water
bath. The excess-g'water was bl own fro@g Zfs‘;tg and with air and the
strand was choppéed|i np |pell et s M t hodsgs fantd chopper. The
catal yst used intptgépat ilag|L£d - 1 and-i§lgf st but yl ani do)
di met hyl (tet rarreyzh_cgcy:‘):’cl eppmtladi enyl B38| amdsld 1 apijum (11) 35
1, 3- pent adi ene. ”I"h(pcaxagyﬁ used i,.,ngp;,aaﬁi". ?g 3 and ESI 4 was
Ti t ani um [1,1”-@[err]4-1,S-UUtadiQng-ﬁjﬂﬁ%f' bj's| [ benzene] ][ 1-
[(1,2,3,3a,11b-[erif) - 1H cycllopent gpﬂhenin hfeh-d1-yl]-N(1,1-
di met hyl et hyl) - 131{@i metlhy( si] anamén o(ZQg:tgﬁfiﬁTet hyl . The
cocat al yst was bg;-gycgcge hgat ed t.al:l_ﬁ \al k@w iﬂygj anmoni um
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t et r aki s(pent uorophenyl )borate. A nodified nethylal um noxane
comer ci al WP (83 apl e from Akzo Nobel under the trade desi gr‘i’é—frﬂéﬁ?s’wzn
MVAO- 3A was al so used in the amounts indicated in Tables 2a and 2b and

is referred to herein as MVAQO. Tabl e 2a Catal yst to. Cocat al yst
rati o and IVIVAOto Catal st Ratlo

Cocat al yst : Exam Polv(Sulfonvl azides) use for ESRat i o
Al/Tl Ratio ESI-I 1251 10.0:1
(Exanpl el) 10.0:1

( Exanpl e2) .18 mixer °°“““er?é%]r1éf zlsaﬂea%aﬁrgfn ant éB%%%fﬁlleys{nSéﬁwwéd Ip@. ES| - 3
and ESI-4 consisting of a measuring head (Type K\2.8 nonia-$3/s.B)Samplae Cat :

?g;rrfonc mgg&%%agme %%Ogiaol conso | Bﬁﬁ’ %gpfﬁcp 1382) was usectl bH\g\)N

ESI - 3 0. 28@ixer wag heated to QSQ"KQ. The paadﬁes:% were tudnd® at 60 rpmlén@ 50 g
(ot o 28 Ay B sl b e gyl s
previ ousl y. Ethyl%§8n%9mQ§Otﬁmﬁoeﬁtqughgrpercent atactic polystyrene, of 1.0 MI
(melt index)) prepared as outlined previously was added to the bowl.
10 After 2 minutes of mixing, 0.1 g {(0.26 mmole, 0.2 ﬁeight percent) of
4,4'-disulfonylazidophenyl ether was slowly sprinkled into the bowl.
The paddle speed was increased to 80 rpm and the polymer mixed for 5
minutes. During the blending period the viscosity and elasticity of
the polymer melt increased. The mixer bowl was removed and the |
15 polymer was scraped from the paddles and bowl to vield the polymer of
Example 1.

For C.S. A the properties and gel content were measured on the ESI-1

sample without modification.

20
Table 4
Sample Gel
percent
C.S. A 1.2
Example 1 1.3
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. Example 1 and C. S. A: Pol y(Sul fonyl aziggffbsbjg?gl; or

The results of Example 1 show that sulfonyl azide can be used to
rheology modify vinyl aromatic interpolymers. The increase in storage
modulus G’ at high temperature (100-200 °C) indicates that the
coupling reaction occurs. The gel content data shows that the modified

ESI was not crosslinked.

Exampie 2 and C.S. B: Coupling of High Stviene Content ESTI (Styrene

weigh ercent = 73 percent

2 mixer commercially available from Haake Fusion Co. consis;ing of a
HaakeBuchler Rheomix 600 mixer with roller style blades, attached to a
HaakeBuchler Rheocord 9000 Torque rheometer The mixing bowl was heated
to 170°C. An ESI-2 polymer sample (having 30.0 g/10 min MI and 75
weight percent of an intérpolymer of ethylene and styrene containing
73.2 weight percent of styrene comonomer (the remainder being ethylene
monomer) and 25.0 weight pefcent atactic polystyrene)) was loaded into
the mixing bowl. After l_minute, 0.12 g of 1,3-disulfonylazidebenzene
(0.3 weight percent) was added to the mixer. Over a period of 3
minutes the torgue increased from 150 m-g to 350 m-g. After 10
minutes, the sample was removed from the Haake bowl to yield Example
2. The Melt Index and Uppexr Surface Temperature (TMA) of was measured.

C.S. B was .a sample of the untreated starting material.

_ Table 7
Sample UST (TMA) °c | MI(g/10 min)
C.S. B 50 ) 30
Example 2 60 8.3

The results of Example 2 show that sulfonyl azide can be used to

rheology modify vinyl aromatic interpolymers like ESI with high
stYfene content.
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A m xer commercially available fromC W Brabender I nstruments I nc.

consi sti ng WO 9918&4suri ng head (Type R E.E NO. A-19/S.B) and BCT/YS98/16213
tenperature control console (Type SP-2003, NO 1382) was used. The

m xer was heated to 180[err]C. The paddles were turned at 50 rpm and 50 g
of ESI-I (26 weight percent styrene interpolyner (the remainder being

et hyl ene convExamelds 337vwandiit.Spl-Fent atactic pol ystyrene, of 1.0 M

(melt index)) prepared as outlined previously was added to the bow . 10
After 2 mi nutReSSEEPHISE AE maFefiylsco. 26 nml e, 0.2 weight percent) of

4, 4" -di sul fOnmﬁﬁk&hdIHﬂyhnE*aMﬁlber3ANaSaﬁH an)tdtpééﬁﬁﬂdadgiaampaf&u1vbosamp1es
The paddl e speed masc1gxd? to 8 ? m xed for 5

I
m nutes. Durifg OR&" it cﬁgﬁ 6’8 sacroesf’fy 1§ s’é1 asticity of
t he pol yns nelt I ncr eased. The m xer bomA mas renoved and the 15 pol ymer

was scraped fﬁ@ %953 ngggag P@% Dow, dd Yh? %g&\éghgnﬁﬁpﬂf (J2 of Eﬁ;}ggpl €

1. For and ge re nmeasure

ESI - | Sagtﬂqemmpt[ﬂggglmxugﬁfﬂcggﬁpog/cc) gqmmerc1a11y available from The Dow
Tabl e f Chemical Company under the tréﬁ%”9é§%gnatlé%3hDPE 620 I polyethylene.
percen

Exanple 1 1 ggrdeT 2722 hydrocarbon rubber: an ethylene (72 welght percent)

10 propylene (22 weight percent) ethylidene norbornene (6 weight

percent)terpolymer with specific gravity 0.87, at 22.4°C, Mw/Mn = 3.65
and Mw = 115,200, Mooney viscosity 20, commercially available from
DuPont Dow Elastomers LCC under the trade designation Nordel 2722
hydrocarbon rubber

15 BSA: 4,4’ -oxybis(benzenesulfonyl azide) CAS# [7456-68-0]
The bis(sulfonyl -azide) was prepared by the reaction of sodium azide
with the corresponding bis(sulfonyi chloride) . The bis(sulfonyl
'chlpride) is commercially available. Solid sodium azide was added to

thgnacetone solution of the corresponding bis(sulfonyl chloride).
20 e

HCoﬂtrol Sample C:

A 0.400 kg sample of pellets of LDPE 620 I polyethylene defined

previously was extruded on a twin screw extruder having a screw

diameter of 18 mm commercially available from Haake Inc. under the
25 trade designation Haake 18 Micro extruder having 5 zones each

separated from the other by 10 cm and each zone having a thermo-

couple (inserted in the metal) to measure the temperature thereon using

the following conditions: Screw speed: 100 rpm, Torgue of 5300 mg,

Pressure of 870 psi (6000 kPa), temperature: 150 °C , 175°C, 201°C,

30  224°C, 225°C and 214°C for Zone 1, 2,3, 4, 5, and the exit die

respectively.

Control Sample D:
The rheologic properties of CS D (Table 8) were measured on

35 commercially available Nordel 2722 hydrocarbon rubber described

previously without modification.
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-29- [err] WD 99/ 10421

PCT/ US98/ 169Q39/10421 The results of Exanple 1 show that sPFFERS4/16333 de
can be used to rheol ogy nodify vinyl aromatic interpolyners. The

i ncrease in storage 5 nodulus G at high tenperature (100-200 [err]C)

I ndi cates that the coupling reaction occurs. The gel content data shows
that the nodified ESI was not crosslinked. Exanple 2 and C. S. B:
Coupl i ng of I-E&Qrggygﬁgge@ment ESI (Styrene 10 weight percent = 73
percent) m xer commerci al ly avail abl e from Haake Fusi on Co.

consi sting oanP 4 kg |pfaRATRACHPEPRHEERISE BBD i ‘kaving £h-3 slefaht fegrent

bl ades, attacfggehe and ss.H%K@B@I(ﬁ&EaéntR@apmrﬁ QQGQ:eTedsw@rméhemmtaeghtThe
m xi ng bowl was heated 15 t.0 {ﬁ?&_‘err ‘%e An SI-ZH{) r n%de (havi ng
30,0/ 10 i nBRICeRR(AAStic polgaF 8519720 FHE BEh OT7nEr Do, WiAHsng
and styrene Cgné &afkNgktruder Edndivienghisg@ctioerd cof styrene conononer (the
remai nder bei ng et hyl ene nononer) and 25.0 wei ght percent atactic

pol ystyrene)) was | oaded into the mxing bow. After 1 mnute, 0.12 g
of |, 3-disulfonyd &zi debenzene 20 (0.3 weight percent) was added to the

mxer. Over a per kgdsaQJplg of pelléﬁsn%eésf.t!e(wwy&e @@&@é&egtﬂeql@ 199 mg

to 350 mg. After tes, the sanple was Tenoved fromthe Haake
bow to yi®| deEsiepreveight Eercﬂf’f’\’é ivererelydex. g Gppateighy PaEEeTePber at ure

(TMA) of was HeaASUYkeFolystyrene, 1.36 g/10 min. MI) was extruded using the same

extruder conditions used in C.8. C .

Example 3:

15 A solution of 5 weight percent of BSA in tetrahydrofuran (THF) was
prepared. The BSA solution (4 g) was added to 400 g of ESI-3(héving
31.3 weight pércént-styféne and 68.7 weight percent ethylene in the
copolymer, 1 weight percent atactic polystyrene, and 0.98 g/10 min
MI), pellets in a one galion polyethylene bag. Thezbag was shaken to

20 disperse BSA evenly on thelpellets.'The bég was opeﬁéd and placed in a

" hood for 2 hr to let the acetone evaporate to form a formulated resin.

The formulated resin. was extruded using the same extruder and
extrusion conditions with used in Control Sample C

25 Résuits of tests of viséosity,.melt properties, and gel content are in

Tables 8, 9 and 10, respectively.

'Examples 4 and 5:
. The procedure of Example 3'waé repeated except that the amounts of BSA
30 . listed in Table 8 were used. .

.‘E£ampies 6 and 5::-
'TﬁétpEOCedﬁreubf'Ekample 3 was repeated except that the amounts of BSA
listed in Table 8 were used and an ethylene styrene polymer with 70
35 weight percent of styrene incorporated therein designated previously

as ESI-4 was used.
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C.S. B was a sanple of the untreated starting material.
UST (TMA) [err]C

Table 7 WO 99/10421
CS B 50
8.3

Sanmpl e
30

Exanpl e 2
The results of Exanple 2 show that sul fonyl

60

25 . .
M PGPS 633

azide .can be used to

rheol ogy nodify vinyl aromatic interpolyners Iike ESI with high 30
styrene content. Table 8. Effect of Coupling on Viscosity -31-
Exanples 3-7 and C.S. C F: . Description of materijals: terials i
Exanpl es 3- 1ZExangle v cof Pesprdntiiony ConphY#gdogétiSanpligcosity deg VarerEdY by
t he codes unjoeamplmed arelas follows: 5 |at A-BPE 62paF A yet hyRERE Low
density pol yjfumpesne (LDPE) (12 of 1.85 |Rad/sgrig nl RadiRefsity|dP- ¥/ 19P3g
g/ cc) commerkially availgble from The DoW*197 Cheni kal Conpanylunder the
trade desi gnb€i©f LDPE 6PBPFE §8P¥et hyl enpl-17  Nor deP4P¥22 hydidéa? bon
rubber: an efhyl ene (72 WePHIAtOYERSnt) 10 __propyl ehe (22 ue g?f percent)
et hyl i dene np€or Rene (6| WeTafit 2722 8.26 13100 62.8
hydrocarbon
rubber
C.S. E ESI 3 1.36 16900 8.0
C. S. F ESI 4 0.99 16000 6.2
EX. 3 ESI 3, 0.05 3.09 19100 16.2
percent BSA
Ex. 4 ESI 3, 0.1 6.33 20700 30.6
percent BSA
Ex. 5 ESI 3, 0.15 10.9 22800 47.8
percent BSA
Ex. 6 ESI 4, 0.05 2.12 17600 12.0
percent BSA
Ex. 7 ESI 4, 0.1 4.47 18700 23.9
percent BSA :
5 _
Table 9. Effect of Coupling on Melt Strength, Melt Index, and

Molecular Weight of interpolymers.

Sample Description melt index molecularxr
"{g/10 min) lweights
12 I10 I20 Mw Mn Gott |Elongation
(cN) {mm/s)
C.S. C 1 |[LDPE 620 I 1.14{15.51] 69.63] 141500] 22400 18 155
polyethylene
c.s. E |ESI 3 0.98| 8.82| 30.13] 181700| 65500 5.5 230
Cc.S. F ESI 4 1.36] 9.25{ 39.63] 233000 5 210
65500
Ex. 3 ESI-3, 0.05 0.43] 5.18] 21.76} 214300} 70100 9 160
percent BSA
Ex. 4 ESI-3, 0.10 0.18] 4.03) 28.01] 239700} 65300 14 145
' percent BSA :
Ex. 5 ESI-3, 0.15 0.0S] 1.36] 18.89] 286800} 73500 23 100
percent BSA '
Ex. 6 ESI-4, 0.05 0.63] 6.38} 37.68] 265900] 66100 11 160
perxcent BSA
Ex, 7 ESI-4, 0.1 0.28{ 3.46] 16.69| 366500] 67600 21 55
percent BSA
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percent)terpolymer with specific gravity 0.87, at 22.4[err]C, MvW Mh = 3.65
and Mv = ™6,9946121 Mboney vi scosity 20, conmercial |y avail abl BCTAUSA$/16213
DuPont Dow El ast omers LCC under the trade designation Nordel 2722
hydrocarbon rubber 15 BSA: 4, 4'-oxybi s(benzenesul fonyl azide) CAS#

[ 7456- 68- 0] The bi s(sul fonyl azide) was prepared by the reaction of
sodi um azi de with the correspondi ng bis(sulfonyl chloride). The

bi s(sul f onyl The resehisoindBdblies9 caxdireatts &hty theabdttiflest WAt dtsadithm ezi de

was added to S0l Wt f r ' | yl

Chi or i dey. o por? EIEERP REAR VLA UCIUR SATTAARROINAS RISIECHNEY o
LDPE 620 | ptheenhy¢ated gedrileedof the spmeypolidiey- was extruded on a twn
screw extg uder having a screw di aneter of 18 mmcomercially avail abl e
from Haake Inc. under the 25 trade designation Haake 18 Mcro extruder
havi ng 5 zonBighegeht strengldhdp fesirpPiinfOhBPhaPPHYFaE8oR5 SR 3 dR2Bone
having a thegis cable, GAHPbRIELDS ahdedsidh.t hecoiial )samplseAwER1d 89

t enperature thereon usi . the follown ditiqns:, Screw speed:. 100
rpm Tor que brl%ﬁﬁt?fg,tgg viscopity; BEPRVisE %g(}'%ggiéz(%goﬁ°]ré15§§‘?'¥\% &r 2tdhfe:
%LSO [Zer rjcC, Zﬂ_?ﬁ{ezaﬂ}S Ggatagﬂa{lﬁlfbi- (I_oamS@pliE&ﬂ:[msu] @0@251 Sample and T3h24¢ EBI‘)lr] C
or Zone, 1, | nd_t he exi , e ntro
Sanpl e le 1119"1?}'1:53}:%%& Sng(:SCB?%)t ert ﬁéeilogf °fc§f°%§§‘$?6)ﬁé @drv?/ec?gbon%gs ulr)eerd on
35  conmmer cilBFIM; avinleabl prodyieid A2709 deydebwgrbork stpberofdeBeraxdyed

previously “ﬁ;tgyiglnfgy'%kpéuéagﬂe coating applications. LDPE 620 I polyethylene
- 32- Control Sanpl e I:S A 0.4 kg of sanple of pellets
of ESI-3 (ha#hdhdiozdel 37@p ghdrgeatham Tubbers hgye Héahrd "8t ELAENgH Hharcem
ethylene in hhrﬁbdi@@@ﬁ)/iﬂﬁérpé‘ly\i@fﬂfﬁf vinyl aromatic monomers and alpha olefins

15 as illustrated here by Comparative Samples C.S. E and C.S. F. The
ﬁélt stréngth was_measured aé Gottfert melt strength or the ratio of
viscosity.of.low shear (0.1_§ad/sec) to high shear (100 Rad/sec). .
Both LDPE 620 I polyethylene {C.S. C) and Nordel 2722 hydrocarbon
rubber {(C.S. D) have higher ratio of low to high shear viscosity than

2¢ untreated interpclymer samples (C.S. E and C.S.-F). Treacment Qith
azide increases significantly viscosity at low shear rate (0.1
rad/sec) and the ratio of lbw to high shear wiscosity. The results in
Tabls & show that azide can be used to modified the rheology of the
interpolymers to achieve the low to high shear viscosity of LDPE or

25 Nordel 2722 hydrocarbon rubber. The amount of azide used is dependent
on styrene content of the interpolymer and the degree of rheology

modification required for differéent applications.
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5 percent atactic polystyrene, and 0.98 g/10 min M) was extruded .usin

the same ewor¥de42iconditions used in CS C C.S F 8’!&}‘3
sanple of pellets of ESI-4 (70 wei ght percent styrene, 30 10 et hyI ene

wei ght percent in copolyner, and 4.6 wei ght percent of atactic

pol ystyrene, 1.36 g/10 min. M) was extruded using the sane ext ruder
conditions used in C.S. C Exanpl e 3: 15 A solution of 5 weight
percent of BSAutp ot sandboltnatod BFinydRy conlhenar dr SHag1diSA sol uti on
(4 g) was added to 400 g of ESI-3(having 31.3 weight percent styrene
and 68.7 wei ght percent ethylene in the copol ynmer, 1 weight percent
atactic pol ystyrene, Desbribtion M ). P! E]peddene ag1g gal lon
pol yet hyl ene bag. The (5133 Tyt IaRE ST PoA gY@y |on the
pell ets. The bag was EErocet =& rooctforg3sgm—tlo | et the
acetone evaporate to cf's'.“)f‘ o s,]_"* et—est- Hre—Hgrggatdqd resin was
extruded using the sa x e ee—r 505 é r;lsti g“.Acbnd“' ops—di th used in
Control Sanple C. 2p— g-f——t’—gs S ¢ p-gperti es,
and gel content are i~ Tabl_ﬁ]*%ﬂ ol DSHC

\

rc

SOE PR noli DapdA
Exanpl es 4 and 5: EXrhd procEibr 1o %RW"F‘?‘:’%?% refadf2d dxcept that
the amounts of BSA 30{8X-| fsted ?ﬁx'lq'abl §-05 pefeentoBEA 0.-54%vadples 6 and
7: The procedure of Exanple 3 was repeated except that the amounts of

BSA lsi St h#hdEAREEat®aVeh rids BiFhedN a1 e81 HdkteE BOmSHrAD B4 Qe ObdERn M t h

70 35 weight percent- of styrene mcorgor at ed ther ein de5|gnat ed Lrevi ously
as ES| -4 was Yithgthe untreated samples ( . The results frgtg ables 8,

9 and 10 show that 1nterpolymers with desirable melt strength, and

rheology can be modified using poly(sulfonyl azide). The amount of
azide is selectable to avoid the formation of excessive gel that can
10 cause detrimental effects on the mechanical properties such as

elongation and toughness of fabricated parts.
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Tabl e 8. Effect of Coupling on Viscosity Exanpl e or Description

Vi scosity wOosddsi ty Vi scosity Sanpl e PCT/US98/16213 gt
0.1 at 100 Rati o Nunber Rad/ sec
Rad/ sec (0.1/100) ' ' . (X10[err])
C.SC LDPE 620l 1.17 5470 21.5
poI yet hyl ene wHAT QsSCLAXMED IS: Nordel 2722 8. 26 13100

hydr ocar bon r ubber C.S E
ESI 3 1.36 16900 8.0 C S F ESI 4
0.99 . 160(}9 8 .tre arﬁ%@ a3coup1ed pol%lar euhaQaQ@rlzed 1n a3s€’@p
19100 - 3yg05 Wprocess of prep bercent. BSA 3. 0.1
6. 33 . 207(Rf heating ap agmixture containing ( l)p@i (}@ﬁﬁtli%}ﬁ 1nt%polgmer
ESI 3, 0.%5 of 40. Apha olefin a’i’ﬁBQ@nyl aromatié flonomer and (2) a coupling
Egr gent BSA Ex. amountp%'q, éénﬁeagg one pg%ésu}fonyl azu%@SIto at d.efst tqne
4. 47 187&&compos:.t1813 témperature @rbenpolzIsulfonyl azxdEa_bfcsr & .
Effect of Counl | g, 0eles SLIGROK. AMEblodd10Fsn ANG: 1easbOhFGUL AL Vel o1
of interpolyners 5 ecul ar
(g/10 m n) wei greent. of the poly(sulfonyl a21de, anfipsufifjgienp@goe regult in \h
CGott El gpgation coupled
(cN)  (mi’s) 2 RRCPIYTSEE 620 1.14 15.51 69.63 141500 21400
18 155 The process of CﬁéWe’t W?F’é?iié‘ the interpajywmep cqmgrises

0.98 8.82 30.13 1&1@@&55%@ a vénﬁl aromat iZ3@onomer; tKe amoimt B8l 4

1.36 9.25 39. 63 23
65500 . é%‘l‘l‘fnyb "’b"%deb Py trgm %8051“76 399EG0PYHEHG of the
160 teepeBnterBSHa the polfxsulbonyESzide) £hdlOlafkob8r XeddB at

28.01 23900 65300 .

ESI-3, 0.5 0.05 “T e?éeﬁ%‘.‘%% Fodhar FEgipeoeycicRtaREatl ana greabls

percent BSA than 185°C.-
3. The precess of Claim 1 or 2 wherein the coupling agent comprises
at least one poly(sulfonyl azide) which has a structure X-R-X
wnerein esach X is SO,N; and R represents an unsubstituted or

20 inertly substituted hydrocarbyl, hydrocarbyl ether or silicon-
ccntaining group; at least one poly(sulfonyl azide) has at least
3 but less than 50 carbbn, silicon or oxygen atoms between
sulfonyl azide groups; and R includes at least one aryl group
between the sulfonyl groups.

25 4. The prccess any of Claims 1-3 wherein the poly({sulfonyl)azide
is selected from 1, S5-pentane bis(sulfonyl azide), 1,8-octane
bis{sulfonyl azide), 1,10-decane bis(sulfonyl azide), 1,10-
octadecane bis(sﬁlfonyl azide), l-octyl-2,4,6-benzene
tris({sulfonyl azide), 4,4’-diphenyl ether bis(sulfonyl azide),

30 - ‘1,6-bis {4’ -sulfonazidophenyl)hexane, 2,7-naphthalene
bis(sulfonyl azide), mixed sulfonyl azides of chlorinated

" aliphatic hydrocafbons containing an average of from 1 to 8
. chlorine atoms and from 2Ito 5 sulfonYl azide groups per

molecule, and mixtures thereof. —

I
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Ex. 6 ESI-4, 0.05 0.63 6.38 37.68 265900 66100 11 . 160 .
percent BSWO099/10421 Ex. 7 ESI-4, 0.1 0.28 3.46 16.69 366500/4Ss806213 21

55 percent BSA
- 34- The results in Table 9 indicate that the.Gottfert nelt
strengt hs of the pol y(sul fonyl azide) treated (coupl ed) sanples were

hi gher than 5. tEheuptoesisedt saypob2Llaind fes saivtpobalilpr codprisingisghpsrel t

and profi | e oxtrueldns oot ARy RCH AT Rat il Pl &P Bpymer, M BT ®

vi scosi ty hehavi orcxsissLDRENg20thd fpbtricathy|conpled polwrer - of the art
material for §oam ﬁ%hb&?i‘dﬁﬂ%bt@@ﬂéﬂl%‘ asHR! ?thQIHbe%dﬁét Bt tnd g\r}?s&f ates
the viscosity behavior of Nordel 2722 hydrocarbon rub EEP

et hyl ene Bropyl enethf éﬁ%“tséleﬁo?%/ﬁéﬂms &-State of the art mat eri al for
wire cable coati ngmawu@ﬁt whDén cbibiE640a Icoﬁﬁ&éfmbxlm@lam 7.and Nor del
2722 hydrocarbon r ubber have h her nelt strength_than t unnodi fi ed
i nt er pol ymer s2of VIR PTeFeitalf q’FBﬂB’r%’r et g & eo‘l’%fcllﬁémfg by plow

illustrated here byoldanpandowitg Sa8Ples féanBngE anN@drérNe ExtruBifig a mel t
strength was neasufe tt It strength or the ratio of

vi scosity of |ow sﬁomgos%‘bm ﬂgd‘;]'s‘-“e'é' to high shear (100 Rad/sec). Bot h
LDPE 620 10 po? yet hjfkeepet{ddeSof Gjladmdd Nbide|is23 22altydg oioar bre or cakliebber

(C.S. D) have highgp,d, agl&sggtl ?aw. %91 hlrggfdﬁjéeaér \@)1§g95| ty than 20

untreated interpolyner sa _ Treatment with
azi de increas¥s sithd ppe Pycw:@ée‘s#qwomchaew LlPcap Fraring mpterial for

rad/sec) and the rgidwomeiaingy bRwihghh FIERT L¥hRGRET bY prile1d @3Hbiding)

This Shee
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Tabl e 8 show that azide can be used to nodified the rheol ogy of the
interpolymers to achieve the low to high shear viscosity of LDPE or 25
Nor del 2722 hydrocarbon rubber. The anmount of azide used is dependent
on styrene content of the interpolyner and the degree of rheol ogy

nodi fication re&ubiggl @;éil fferent applications.
- 35- 10. Effects of Azide on the Gel Content of ESI

Sanpl es Sanpl e Description percent Cel
CS C LDPE 6201 pol yet hyl ene 0. 373 CS E

ESI -3 of preparing@-cdadled polymer cha.raclenﬁdﬁla Step ofhES‘lngBan admixture
6675 L A processofpreparingdcéupled polyme _per cont

Ex. 4 ES| -cdntainitg ﬁl%ra@éaast g@Amerpolymer of amalpha oleﬁn and vinyl arcgaucgnonomcr
ES Ir _an{ 35)15 P ﬁdgt BSAhng amount 012 at least one poly(stdfoan(azmeé) to at ]eﬁlthc . 0.05
' decomposition temperature of the poly(sulfony! azide) for a period sufficient for
decomposition of at least 80 weight percent of the poly(sulfonyl azide) and sufficient to
result in a coupled polymer wherein the coupled polymer ha; a low shear viscosity at 0.1
rad/sec at least 5% higher than the starting material polymer, and less than 2 weight % ge!
as measured by ASTM D2765-procedure A. '

2.  The process of Claim 1 wherein fhe interpolymer comprises cthylene, and a vinyl

* aromatic monomer; the amount of poly(sutfonyl azide) is from 0.01 to 1 weight percent
of the interpolymer; and the poly(sulfony! azide) and elastomer react at a temperature at
ieast the decomposition temperature and greater than 185°C.

3. The process of Claim 1 or 2 whercin the coupling agent compriscs at least one
poly(sulfonyl azide) which has a structure X-R-X wherein each X 1s SO,N, and R
represeats an unsubstitured or inertly subsrituted‘ hydrocarbyl, hydrocarbyl ether or
silicon-comaining group; at least one poly(sulfony! azide) has at least 3 but less than 50
carbom, silicon or oxygen atoms between sulfony! azide groups; and R includes at least
one ary} group between the sulfonyl groups.

4. The process of any Claims 1-3 wherein the poly(sulfonyl)azide is selected from 1, 5-
pentane bis(sulfony! azide), 1,8-octane bis(sulfonyl azide), 1,10-decane bis(sulfonyl
azide), 1,10-octadecane bis(sulfonyl azide), 1-octyl-2,4,6-benzene wris(sulfonyl azide),
4,4’;diphcnyl ether bis(sulfonyl azide), 1,6-bis(4’-sulfonazidephenyl)hexane, 2,7-
naphrhalene bis(sulfonyl azide), mixed sulfonyl azides of chlorinated aliphatic
hydrocarbons containing an average of from 1 to 8 chlorine atoms and from 2 1o 5

sﬁifonyl azide groups per molecule, and mixtures thereof.

n

The process of any of Claims 1-4 additionally comprising steps (b) fabricating an article

from the coupled polymer and (c) crosslinking the fabricated coupled polymer.
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5 The azide treated interpol yner sarrpl es have conparabl e gel contents
with the untreated sanples (C.S. E and F). The results from Tables 8,

9 &nd 10 show that interpolymers with desirable nelt strength, and
rheol ogy can be nodified usi ng pol y(sul fonyl azide). The anount of

azide is sel-éctable to, av rmation of .e
cause detﬁlrrenﬁaqc’ﬂa?qsm ﬂé”r&‘fﬁﬁ?ﬁ“&'&l 4‘5%8??13 gé’g?heéi@é&sg@&égm“'
el ongati on andst oughness of fabricated parts.
-36-
7. An article which comprises a compesition of Claim 6.

The process of formation of the article of Claim 7 by blow molding, blowing a film,
foa@hg, or profile extruding a composition of Claim 6;

9. The article of Claim 7 which is a coating for wire or cable, a tube, a gasket, a seal,
roofing, or fiber. |

10.  The use of a composition of Claim 6 as a starting material for blow molding, blowmg a
film, foaming, or profile extruding.
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19 MAY 2001 WWHAT IS CLAIMED IS: 1. A process of pﬁ@"'aﬁQ%NTaSHEEbl ed
pol ynmer conprising heating an adm xture containing j(1) at reast

i nter pol ymer of an al pha ol ef in-afd vinyl aromafiqd rfopofgr znpd 2) a
coupling anmount of at |east one poly(sul fonyl azgd to at |east|tHe
deconposi tion tenperature of the poly(sulfonyl azide)jfor a pertod
sufficiem&%ﬁ-@n of at |east about 80 __Veight percent o

t he poly(sul fonyl azide) and sufficient to result in a coupled

pol ymer, such that the coupl ed pol yner has a_l ow shear viscosity at

0.1 rad/ skc asPnBERTRTY My BHAB2FENT 2 |coypledphBOtYRReh PRt singhdeating

conpared Wi th 4heaghtthired contalfmltl%r (g} Bel n@aétaaaehqﬁtbgﬁélm SPOMy 2
wei ght percent ASTM D 2765- Procedure_ A. The

I as neasure
process of CI%&?H"" 194 e 304 h?élnY]nt%F?fﬁﬂ%rmw}?ﬁrl%@s (2) aet‘%ﬁ’VPéh’ég

and a vinyl argmsintC JWONEEIeast one JoIe Fu0EBHPL Ohz{Ad ned &beneagtthﬁe
anount of poly sulfon%1ll azi deL) is from about 2 01 to_about 1 weight
percent of the“SComPOE FipmofFghRpraturg of rthhe ,pgly %uwnﬁlalﬁlf%eq% it he

coupl i ng agentpémn:ml seffidient foradecofipoPiidmsubiorytd axhgde) aMdugh bas a

truct X- d R ts_an .
nsubsti 111 e0 BYSRE BERERE| 5P iel PEIY SO TR AC AE) RS GELERGHERE HEP or

silicon- Nt 1A rilnng goopled pdiymer Theudh atess thé Ebapredt p1¢mei nhas
| east one pol yésyl fon

as suffl ent carbon, o en of
silicon, atoms to%” Sﬁe%lé gf'%?%s’tq:l)() a&” ?b]nyi'”a 71%e o'ﬁ?)as‘é"trt??f(’fyi T S y2to
permt a Temst] eabeat:t i Hn peetaren Hiheel aecbmpmfedandlthe the f ehwktfadg de.

material polymer and has less than about 2 weight percent gel

as measure by ASTM D 2765-Procedure A.

2. The process of Claim 1 wherein the interpolymer comprises

ethylene, and a vinyl aromatic monomer.

3. The process of Claim 1 wherein the amount of poly(sulfonyl
azide) is from about 0.01 to about 1 weight percent of the

interpolymer.

4, The process of Claim 1 wherein the coupling agent comprises at
least one poly(sulfonyl axide) which has a structure X-R-X
wherein each X is SO;N; and R represents an unsubstitited or
inertly substituted hydrocarbyl, hydrocarbyl ether or silicon-

containing group.

5. The process of Claim 4 wherein at least one poly(sulfonyl
azide) has sufficient carbon, oxygen or silicon, atoms to
separate the sulfonyl azide groups sufficiently to permit a

facile reaction between the elastomer and the sulfonyl azide.

-
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- 38 - 6. The process of Oaim4 wherein at | eadt REPEACEMBNTS SHEETY
azide) has 3 but |ess than 50 carbon, silicon or oxyjygen-ataos hetjween
sul fonyl azi de groups. 7. The process of O aim 4 e{ gin,, }H& ydgds at
| east one aryl group between the sul fonyl grougs. ikl rfodess
of Claim4 wherein R includes at |east- 8fo-aryl F-eups- r_.mb.e.t.él M Ris
one aryl group, and the group has nore t han ong ri ng. 9. The | -
process of Caim4 wherein_the poly(sulfonyl)azide sel-ectedlf rom

1, 5- pent ahe bi S UPFEPRSS aff déflaim & ovlerpin at t}ieéegulom@nypolafz(useréfonyl

1,10-decane b'&ifﬂ&)fﬁﬁﬁ|335hgelesé d#kn 50 caQ%BﬁdegﬁiEbon.thQﬁﬁbEﬁn¥£oms
azi de), octy 6- benzene tri s(suffonyl azi de)

4, 4' - di phenyl lé‘i%enbﬁg%g?ﬂlﬂolﬁ?lldﬁzg’ﬁ@ips

1, 6-bi s(4' - sul f onazi dophenyl ) hexane, 2, 7- napt hel ene on

bi s(sul fonyl azide m xed sul fonyl azi des of chlorinated al i phatic
hydr ocar bbns coift a%?ﬁ‘i?@saﬁ’ a\ﬁ,lta&@e 4ofwhersif 1 Ry gngludes gh| derfle aROnBTRhd

from about 2 t@rdupsbeteoyh @ ¢a1g60¢D griRbs . nol ecul e, and mi xtures
t her eof . 10. The process of Caim4 wherein the poly(sul fonyl azide) and

el astoner react at a tenperature at |east the deconposition _
t enper at ug aMQrﬁﬁtcﬁ’sstfﬁanut 41 3He@elihCR intludedhgt pnesﬂsswé m
10 wherein the te eratuF‘e gre er than about 1?45) t%
process d ai - HPPafdi ¥rBhH WIS & ILPEys aqd)the 9r°PBbPF‘Ea‘E‘?‘F@ an
article from tttmrc enpl eiingol ymer and (c) crosslinking the fabricated
coupl ed pol yner. 13. A conposition conprising the reaction product forned
by heating an adm xture containing (1) at |east one interpolyner

9. The process of Claim 4 wherein the poly(sulfonyl)azide is

selected from 1,5-pentane bis(sulfonyl azide), 1,8-octane
bis(sulfonyl azide), 1,10-decane bis(sulfonyl azide), 1,10-
octadecane bis (sulfonyl azide), l-octyl-2,4,6-benzene
tris(sulfonyl azide), 4,4’-diphenyl ether bis(sulfonyl azide),
1,6-bis (4’ -sulfonazidophenyl)hexane, 2,7-napthelene
bis(sulfonyl azide), mixed sulfonyl azides of chlorinated
aliphatic hydrocarbons containing an average of from 1 to 8
chlorine atoms and from about 2 to 5 sulfonyl azide groups per

molecule, and mixtures thereof.

10. The process of Claim 4 wherein the poly(sulfonyl azide) and
elastomer react at a temperature at least the decomposition

temperature and greater than about 150°C.

11. The process of Claim 10 wherein the temperature greater than
about 185°C.

12. The process Claim 1 additionally comprising steps (b)
fabricating an article from the coupled polymer and (c)

crosslinking the fabricated coupled polymer.

13. A composition comprising the reaction product formed by

heating an admixture containing (1) at least one interpolymer

* [ L ] N *
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olef in and vinyl aromatic nonomer and (2) a £h|ngxa at

| east one pol y(sul fonyl azide) to at | east tlhe| d Coﬁpos“flo
tenperature of the poly(sul fonyl -~a¥? de) for for
deconposition of at |east about 80 wei ght pgrcent of the poly( quonyI
azi de), wherein coupling is indicated by a -

shear fr @uedey adPhp. plefdnscandf vanyl eaemabdet W&grn@a%r é%l) byl

DMVS conpar ed uphen§t 8hbindd BRL @il aleaaRd ArPe'SSpéi/}P@u&?BH&lzamde) webghit
percent gel as neasured by ASTM D2765- Procedure he conposi tion

of O aim 13 wiepetn Bee| onprEititnr jampegprture ¢% Fheot PRL¥ASUEEIY Y ner

with at |eaStaQﬂaeY|BM£ arggaib& suffldﬂyﬂ@”Ebr deéémpogiﬁaodﬂﬁﬁﬂﬁﬁtléHbt of
Claim 13 wherein | ea one vin I C_nmononer IS styrene.

16. An artlcﬁgo%ﬁléﬁ é@ﬁﬁthB%r%P%%ﬁ$BSF¥?cﬁP%ﬁ‘ﬁHLiPﬁ¥l3aZl dgl, whgrein

article wher eldaugmg:n@r tiisC| _endfcaft@amsi;f éOWﬁbd&hi:yOflﬂcfﬁase atC OBPOsiddron
of Claim 13. The _process f or mati on an__article by _blow

mol di ng, FrEAPRECR ?mnlfaﬂnﬁ%?g O5r 5 JERPE eke?%d?ﬁga% BeAPYSY ¥h of
d ai m 13. 19Ms Bamparédcte @heCsahpt iy Widttdrilad &rﬁoaﬂdé%g a‘tﬁh bR 02

cabl e, a tube asket seal, roofin or fibe The article
of daimil6 mﬁF&ﬁthp%%ﬁqﬂﬁdg?gdas measured b§’ASTM D2765 Procedure .
14. The composition of Claim 13 wherein at least one interpolymer
is an ethylene copolymer with at least one vinyl aromatic

monomer.

15. The composition of Claim 13 wherein at 1least one vinyl

aromatic monomer is styrene.
16. An article which comprises a composition of Claim 13.

17. An article wherein the article is formed from a melt of the

composition of Claim 13.
18. The process of formation of an article by blow molding,
blowing a film, foaming, or profile extruding a composition of

Claim 13.

19. The article of Claim 16 which is a coating for wire or cable,

a tube, a gasket, a seal, roofing, or fiber.

20. The article of Claim 16 which is calendared.
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