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PCT/ US97/ 02996 _ ' RHEOLOGY- MODI FI ED POLYOLEFI NS
This invention relates to rheol ogy-nodified thernoplastic polyol efins,
processes for maki ng rheol ogy-nodified thernoplastic pol yol efi ns and
processes for 5 shaping theminto nolded articles. In particular, this

i nvention rel amasgdmnoxzheol ogy- nodi fication of ethyl enepCTIUSI7/0289¢ NET S
such as ethylene/[err]-olefin polyners. Pol yners and nuner ous
additives are typically conpourRHEOLOGYMODIFIED POLYOLERINS ons whi ch are then
totally cross-linked for enhanced strength properties of the finished
article. The starti n&hpol ynmer, prior to cross-Ilinking, nust have adequate

10 performance propdPinysntionselates i "hP?*°W°ﬁi_ﬁe¢@PWP&F&P&m%ﬁpounded
with.various  procedékgifér maKkingREbISTy-hodifEd thérftioPlaBticRsoRRRAM arid procdseés for
exanple, inaw he ,ang. cabl %P?ﬂ%aﬂt?h;ge _cl)ﬁ)era_t Ion, the conposition mnust
have "green st r ShgRing then inig Si frpparticular, this &yveptigprejates to,rheglegyn on
the wire after Gsuificatibn clethylené infsigolyiiers elidh 45 eMiyidriafx-Mlbfirtpolymers, UNti | the
conposition is cured, O herwise the wire will have thi nqs(gots and the 15

i nsul ating val ue of PAEMEGHANE Sumerys additivegare typically sappeynded itorust al so
undergo a formalations which £18 tieRdotal dréssdiniawrér BRNaRtEPEtreRBARIPEPErES of SUCH

as tensile strength, . el tion, and 100 percent .nmodulus (stress at
100 percent str W’I'SWBWEI& q‘EggﬁaHgg polymeg, prigh %F‘HNEW st have adequatele or
i rradi ati on,i0angeffermapcd propdrtiéscsieh that @ /g balforniulafed or compouridad with varisls

Effocts In Mt oPRaines SR sy Hptan FSCERuaBy. b BRATAIE n SIREENS bedpposting
Pol yet hyl ene, ewperatian, the dompesitigemest have igraenrstrength™ aiss kiowriad writhy| ene
Condi 11 ons, f or SRR LBTERah 8n R i s BPS. ahd it Bog B salvon Behe'

Usual |y the pol yntil theseampositioh is suredmOiteniisé theovied will bévetthie spetsiaod theconponent s

25 ed inir ' oper af | ' : r as

cthyl anel pr oy eai e R8s ek Ot dohn Plud AR, w2

t er pol ymer fipat ppygysteprand ashieyergepdathysical prapertiesisuch agtepsileystrength( i . e. |
| Vi : :

el 2t vel y” Expanorgai, 8Rd 100 percerf Bl (elritar 108 perdort il Thpical uril”

pol yet hyl ene polR§#Es Hiough yse efresaxideorireadiation.gind fermelyethyigee imgeperal, dhe ght of

comononer (s) (f eﬁm@w&nbl@cmémiﬁlaudbﬁ%oméh&nsml ab&)eﬁe’ntéaggééﬁh &r%ﬁ&ﬁbl&y of

t he polyner alsg increases the api Ii':{g/ of the polymer more filler
and oil . 20 Radiafion n cArLharleshy, edion fHergames firessnd989. r egar di ng

new pol yners  Polyeéfhyiehe, @Egsechlly HetbRgbifeots fifar iowedemsisiolyettyRie (1IQDAETR and
EPDM Uni on Car bi de Chem Cdeella%d%rrlgadgtiar?%gesr’ rol grc , .announced in 1990
t hat they have H’E@%F’Eﬂ?@ﬁd 9 PRIy fion ur proper conditions, forms gels as
the molecular weight builds.
Usually the polymer selected to compatibilize all of the various components
25  used in wire and cable coating operations is an elastomer such as
ethylene/propylene rubber (EPR) or ethylene/propylene diene monomer terpolymer
{EPDM). These types of vety'low density polymers (i.e., polymers typically having a
density less than 0.92 g/cm®) are relatively expensive (as compared with traditiona)
linear low density polyethyiene polymers) and contain a very high percentage by
30  weight of comonomer(s) (for example, propylene, dienes). Lowering the density of
the polymer also increases the ability of the polymer to hold more filler and oil.
There have been a few recent announcements regarding new polymers
which are said to be effective substitutes for EPR and EPDM. Union Carbide

Chemicals and Plastics, Inc., announced in 1990 that they have developed a new
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PCT/ US97/ 02996 cost effective class of polyol efins trademarked
Fl exomer[err] Polyolefins that could repl ace expensive EPR or EPDM
rubbers. These new pol yolefins are said to have bri dged the gap

bet ween rubbers and pol yet hyl ene, havi ng noduli between the two
ranges. 5 wo 9/obr the devel opment of new | ower nodul us pPRITHIESFGRFEICH
as Fl exoner[err] Pol yol efi ns by Union Carbide or Exact[err] polyners

by Exxon has ai degd &gw?class@@a@mmem 'p?é,ao g 5{,@ g, 6t cdutfr ©

continues to be a nee nor e vance FEVe
pol ymers whi ch teplacaiexpensive IBFRbQ! ERRM (ubbetss §he$mmpqlwl¢f@s are sand tochape| yner

aggr egat e SUCh il qyieaditlendil s b ForfeR RNV AN e RN A 10

pol ymer chai ns, al so have good pnhysi cafl properties an
processability ranges.prior to such to conplete cross-Iinking.

Q hers have attenpt eﬁlhﬁé’thm&é(pn%ﬂl )SP:'I&; loﬂrSr BAUGY potierd@ich dsFib

achi eve such oal s. For exa Chem cal Modification o | near
Low Density Polyalefinsthy: rgqquarglylepr Rxacg" polymers %ﬁwonwasa'de@meen no, E.A.

Col ombo and T. Hela%meﬁ&%ﬁkulaﬁﬁﬁhhérﬁ&ﬁﬂcé RhehelEE’tinuSy to¥eta dexeaitor (ﬁﬁér nGHeer s,
vol . 33, pp. 1271-1275 l'i near | ow dens”lﬁvﬁpl&%’:eth | ene (LLDPE) was

crosslinked usi Advasesd; ephefiective ppiymerswhich can yi e Hylly crasp-linkadde fardat i on
Howover, Su ot aPoVRePGARGaL] wichitieline ik bl 1 EBMenty bonded BficrRér 0! o
resul ts in HPghBPYRASHERIDS: g&?ﬁ?ﬁ?ﬁ?ﬂiﬂﬁ@ﬁ'{’gmeﬁﬁﬁééd Brocessability, ot e

ol ecul a1 v GhE e e Cerablete T R e gL i Lat Lon and.  osul {6
T o 11 e LLDPE whRRIRE stepeiad in o Povoients ndanpus s 45 Py i Speds; he
unnodi fi ed LLDPeuchagoaisciFat éxaniple, in@hdmicdl Mddifinationsof diimear Low Density I n

PCT/ GB85/ 00142 i.she 664) (~ 142" rein LLDPE
is treated to ﬁﬁﬁ%@%@%@ﬁ@?&ﬁe@%ﬁ'ﬁm aﬂI 9?@@0#%@%@"&” oifli‘ver si on
into 25 holib owkKeatk, plldishédin ANTEQTSZ SPETeabrical §apers,dvolid3Bepmner 425

I nsul at P d
over 3 g/ 10 m nieat b depsiu fEyBhifbnb (L0 SAE et il bhidad i rdaical e
bri ng about an itistierst Bhismodificatiomis said tawesull in chemically mnélﬁ%t-LQR%wﬁhMt i on
and may | ead toq:lteéﬁrﬁidﬂs LI-'I:QE eﬁsm?ﬁﬁagsﬁ%g'tﬁﬁbe%ﬂg?ﬁ iﬂ@&lon of Lﬂﬁ@

unsati sfactory esé treate are sal Shize
finished 30 exfesultesin higher anperenivisessit thraughout tmmange ptﬁlwwatq (saﬂﬂlguferz)ugh

surface” asjg I gpsth bt é?z This chanﬁ@ﬁf \hsc%KMndlﬁH g|f0{3\rﬁ"o§tn‘\ﬁlé‘t:uldD whight 4<a ?ésb@gedl y

solves the difficult usi ng ni_cal treatrrent of
LLDPE in a nolt &fthe pal[ogude mlﬁgatpatang msuptﬁ(pdpqqged LLDPE which does not have the

same processability as the unmodified LLDPE, especially in the high shear range.
In PCT/GB85/00142 (published as WO 85/04664) ("PCT ‘142" herein),

LLDPE is freated to enhance the polymers' suitability for extrusion conversion into

25 hollow articles (e.g, tubes, sheathing, and wire and cable insulators). PCT ‘142
states that treating LLDPE having a melt index over 3 /10 minutes with “moderate
quantities of peroxide does not bring about an adequate broadening of molecular
weight distribution and may lead to treated LLDPE’s whose mechanical properties
are unsatisfactory.” Further, these treated LLDPE's are said to produce finished

3¢ extruded articles which have a “non-uniform wall and a rough surface™ as a resuit of
*shark-skin™ melt fracture. PCT *142 aliegedly solves the difficulty by using thermo-
mechanical treatment of the LLDPE in a molten state. The treatment involves
infroducing LLDPE having a density of 0.9 to 0.935 g/cm® and a melt index over 3
dg/minute as a powder into a thermomechanical apparatus of an extruder while
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I ntroduci ng LLDPE having a density of 0.9 to 0.935 g/cnferr] and a nelt

I-ndex over 3 dg/ mnute as a powder into a thernonechani cal apparatus
of an extruder while - 2-

WD, 97/ 32922

PCT/ US97/ 02996 si mul t aneousl y i ntroduci ng an organi c peroxi de at a

| evel of over Gw@bypeicent and | ess than 1 percent (by wecpwssxResshe
pol ymer) . USP 4,598,128 (Randall et al.) describes ethylene
pol ymer conposi t kigfifianeously Mitbdliding ahlofdilicHerdkidel dt Blievaler GVBFE.08 pickit hRe

pol yner. The second et hﬁ ene Bol ymer ~ 5 I's characterized by nol ecul es
havi ng | ong chai lgssAhBr dherrest (Prweighiof thepalymethes can be made using

the high pressure pragssa,she)isslanas &1 anPRetitiletiyline YRy fiet ¥ompositions
pol yet hyl ene (LDPE in a | ow pressure roduci ng | I near

r roc

pol yet hyl ene be'%%%&eﬁﬁ ofa st And seeand M’%\?d” Sse&g??ﬁ sacond g@)"@"ﬁ'ﬂ@‘"ﬂ?’end
can be prepared Ryhsdtiefzediby molecule8Ravikg ioh chdin Yetranches.\Both poRethglehésdn Of
t he pol yethylene is |rréa\d|ate nd both the 10 rradiate ang )
non-irradi ated pBANRRIME %‘Eﬂﬁ?ég%glﬂ‘f‘ PLRERNIP Pragess, (REqfucing °'F‘B‘PF8V"‘8?T 9w, density
f! T 5, TR e et s b st 1
r heol ogi cal pr opBf¥inagssentially n jong,chign krpnghing). 1he Plsng can ke prepared RLusing an. | o
wei ght  of tge pogiytmsi_ba .pr65fbss ig which agortioasf theqolyethylens isi idadiated andibeth tie }‘ or

tin nd  pr : [ . ex e,
e 505 A b SRR At ik s A
h b Y-brartchedbpalyneer is said todave g brdad molecdss weight distyibation. The | i
Mo or OGENE0US Y g R BRI b W o ] B
continues to be asﬁ@% or cos e‘fﬁec?l ve ITDdI#CG.?I on ooidapo é/eF%y ene such
that the r ewithaubsignificantly increaging thesoldcylag weeight of thef palyniess. Theer nopl asti c
ol ding_pr 0CessegomAdinhs areREk'th 66/l tdr¥ohtings Snd pRABEICh 3t skl Bhg | | NS

havi ng one or nore i processi ng racteristics ch as hi gher

zero shear vil§cogwldsd artigles ffrgxampleapipes. 9a® tanks ad other moldechautg partslel t | ow
[err] properties, i MpgiaHesHal Sél-.'rr]\ sol&ral atfeftiphs AlindrditRl p:%HéJsﬂGiﬁr tr.\f

melt fracture, inproved critical shear stress at onset of gross ne

fracture, i nproviingarheterogenesuslybranched pelyethyleng thropgb,use of iradiation. eyl nel t

strength, hi gher céHiiRges t6 bé aabdfor &ost efféttivé hidbifiatioh @F palyctyldriel steh {Hat the
| oadi ng capabilities, and/or inproved perox fflCIGﬂCié whi | e
r

mai nt ai ni ng or i FRSHIER Mgdified Rohmagr 'ﬁﬁ‘@ s f@lgtﬂgrggq%sa;gc p@\q'gapéocesses. engt h,
i mpact strengs h, paraslidrithereflis & hésd foEpolyolefing havingarRi draoré imBtovdd pridegemg f i | m
F L?gﬁ;ﬁgﬁt ,hl gh b&g%c?enséh&bslulc taQ/ hig!?éa}'rztenl'ocs 'legrr \lriglcogi?yrrpolwr}ﬁg gnetap viQéo%nrt]ieg,m ymer
improved melt flow (l,,/1,) properties, improved critical shear rate at onset of surface
melt fracture, improved critical shear stress at onset of gross melt fracture, improved
rheological processing index (Pl), improved melt strength, higher green strength,
25  greater filler/plasticizer/oil loading capabilities, and/or improved peroxide cure
efficiency, while maintaining or improving.physical properties such as tensile
strength, impact strength, modulus of elasticity and relaxation time. In blown film
processes high bubble stability, particularly combined with high polymer throughput,
is a particularly desirable objective and in cast film and extrusion molding processes
30 the ability to increase or maintain the polymer throughput rate and/or reduce or
maintain extruder back pressure while improving draw down and/or reducing neck in
is particularly desired. '
These and other desired goals are satisfied by ethylene polymers selected
and modified according to the present invention.
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Is a particularly desirable objective and in cast filmand extrusion
nol ding processes 30 the ability to increase or maintain the polyner

t hroughput rate and/or reduce or mai nt ai n extruder back pressure
whil e i nmprovi ng draw down and/ or. reduci ng neck in is particularly
desi red. These and other desired goals are satisfied by

et hyl ene pol yxgs sssebect ed and nodi fi ed accordi ng to thpchoesRiéss
i nvention. - 3-

97/ 32922 One aspect of this invention is d:rected to a rheology-modified ethylene

PCT/ US97/ 02996 2ﬁect of this invention_is directed to a
r heol ogy- nodi f P@WETW’EH‘?’“‘“””Dﬁ 9%‘&?"’?9&‘/?%1’@”%%" YHARTY D276P. percent gel

as measur ed vi prodSEife R &@omposiion Bs@Bask Brarkch RAGOTBOR dréater tRhs66 | but i on
Branch I ndex (CBDI %‘Wgr eat er nol ecul ar wei ght

o bt on | Beigeftiadd aqngecula weight dstghuioR s an & Poviih & charagiesa

fol | owi ng eguabh®bithe following equations: Z < (| og [err] - log
[err])/log [err] g [err] = mlog ([err])-b
539.5

K< MS[err] - 72.079 x (log rrl)er .868. 28x(|og Merr])

wherein [err] is the zero s%%ﬁ?g‘}"’dt g%{/‘}'@l!'é?g."e"y of the pol yner, [e‘J is the
vi scosity of the 10 pel ymer niegsgirentlag (md3® C and a shear rate ol) 0.1
radi ans/ second, p & co ( thne) qg#%ger at a sk ar rate
of 100 radi an/sec r? S[er%? Tgxt('ﬂg\q' |a%§t#o’h'°9 of the po Z,
also referred Whenh&hﬁ,l i treszetdishelangite/ viscosity bfithe polymer, s isthewisbedity ofthe havi ng
.avalueof030 mis an aV|n a_va ter, than or .equal to

1. 070, 10}, palyme mﬁ%’fedﬂ%%ﬂ ges@ ‘ﬁﬁﬁ'aBF’s%‘a’Ug'l T s g’egso, K,

al so referred mecdsityenhebaymeeaatdheamtéofsnoeaumhecum ayismtelmtm ant, is
a nunber equal str.en

t
r heol ogy- nodi ff@ﬂ &eﬁ%’("#?’ E%HWW‘BH?"?"&@ °91‘§ﬂ=°% ydﬁ@’ 'sa““'m)%"rr] i's
the wei ght avehagsy aviiaeof B30 \neisg:mumﬁer hindng & ealliogreatthah oeequabtoyne70,as

measured via gel §inabibo & VeRATsS Haff ol bahta s 950,41 alsn soteed f HeHE oo

aspect of this |‘°h€ Hmayioa gvp
processabi list yastheandaltﬂremﬁhlimpntovemettlcphs!wﬁ ip@lnpmber equabtoi G50 IS PEatheng at

di atributi on | SicHSHERh BPppfneclody-ritihel ROFRE i htikeche BUS Dl e U0 |
crossl i nki ng adkais thewweight avasage: molesidariweight of the rheologymndified phlyeier abul d cause
greater than op,agual viaYePpetmbhicAchrnibitogtainy! (@PER! | ON
Ancther aspect of this invention is directed to a process for improving the
20 processability of a thermoplastic ethylene polymer comprising treating at least one
thermoplastic ethylene polymer having a molecular weight distribution less than 3.00
and a CBDI greater than 50 percent with a crossiinking agent in an amount less than
the amount which would cause greater than or equal to 0.5 wt percent gel formation
under melt processing conditions wherein the process satisfies the condition:
25 log nas"™ 2 log ng.s" + x (V) and
log Moo < 10g Ny’ + ¥ V)
wherein 1o,"and 14" are the viscosities of the modified polymer in poise measured
at 190 C and shear rates of 0.1 and 100 radian/seccnd, respectively, 1o’ and 1500’
are the viscosities of the unmodified polymer (that is, the "virgin® polymer) in poise
30 measured at 180 C and shear rates of 0.1 and 100 radian/second, respectively, xis a
number having a value of 0.50 and y is a number having a value of 0.10;
log 1" 2 log 15" + 0.1 W%



under nelt processing conditions wherein the process satisfies the
condition: 25 [err] wherein [err] and [err]
are the viscosities of the nodified polyner in poise neasured at 190
C and shear rates of 0.1 and 100 radi an/ second, respectively, [err] and
[err] are the viscosities of the unnodified polynmer (that is, the
"virgin" pol ynige7stezpoi se 30 neasured at 190 C and shear r apcsusshetded and
100 radi an/ second, respectively, x is a nunber having a val ue of 0.50
azd yis a ”U”bahv{béigl; delgaadﬂ%gl%'ﬂ% 16} réfdixation times of the rheology-modified polymerer I ]
PCT/ US97/ 02996 and the ppiwpes; Riior tognedification, rRsreeiiyel®’r | are 1 og rel axation
times of the rheol ogy-nodified pohgmems’+05a0d the (W yner prior to

nodi fication, respectiy

VBLert] s 05 Ribereingdieana M are,meltghroncii o VA 15RLC pEPR Mcioancrien
strengths in ¢N pdlyrﬂéi@n@tnv‘samolmbagmmir&am rebpecth@dlyer and the same

pol ymer prior to nmodifi t| on ectiyvel Anot her aspect of
this invention is di ?I?'gﬁ'i" %‘P"@E@Qé" ayjmproved progess,ir o np| ded
article conpri simatingamotdedamclecompnsmg a) treating at |east one
t hernopl asti c ethyl ene po

I haV| nol
wei ght distribution |ess Fi:ma"e? Qﬁ%‘z%g“tgﬁfm‘@ﬂ'%‘ﬂ? gfhvigpe polymer having a
than 50 percent with a cr osslmdbwlgrweywumtnbuﬁonlessman3ooandaCBIjbhrdatuti ng

E)chfaggﬂg? P°O| ymer to @ tenﬁ%’i‘é#ag’ﬁéﬁtﬁ‘ﬁ i%?@'?“!{'ge*{gtﬁ%‘ heat ed pol yner;

(d) form ng the nelt procésduwating thedreatedtpolymes tocptempectut® suitable for melt (e)
al 'owi ng the shaped pol ynmer t %Ig wherein the anount of
crosslinking agent used in ste &e% is less than that which woul d
cause greater than or equéd) tmelOprdcensingdhecheatedymilyriesr nat i on under the nelt

processing conditions of ?&)eﬂ‘oﬁ-ﬁiﬁg ﬁﬁq'néfﬁ;roééégéd ﬁlﬁ%riﬁt@a%ﬁéﬁeﬁ% t he

condi ti on:

ecul ar

15 (e) allowing the shaped polymer to cool,
wherein the amount of crosslinking agent used in step (a) is less than that which
would cause greater than or equal to 0.5 wt percent gel formation under the melt
processing conditions of step (c) and yet sufficient to satisfy the condition:
log no.4™ 210g No,s" + X ilV) and
20 log Niee™ < 10g 100" + Y V)
wherein 1™ and 1,,™ are the viscosities of the modified polymer in poise measured
at 190 C and shear rates of 0.1 and 100 radian/second, respectively, no+* and 10"
are the viscosities of the unmodified polymer (that is, the “virgin" polymer) in poise
measured at 190 C and shear rates of 0.1 and 100 radian/second, respectively, x is a
25 number having a value of 0.50 and y is a number having a value of 0.10;
log 7" 2 log 1o’ + 0.1 (Vi)
wherein log 1" and iog t,' are log relaxation times of the rheology-modified polymer
and the polymer prior to modification, respectively; or
MS™> MS'+0.5cN i)
30  wherein MS™ and MS" are melt strengths in cN at 150 C of the rheology-modified
polymer and the same polymer prior to modification, respectively.
Yet another aspect of the present invention is directed to improved
intermediates for making molded articles comprising a thermoplastic ethylene
polymer having a CBDI greater than 50 percent treated with a crosslinking agent in
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[err] wherein [err] and [err] are the viscosities of the nodified
pol ynmer in poise neasured at 190 C and shear rates of 0.1 and 100
radi an/ second, respectively, [err] and [err] are the viscosities of
t hee unnodi fi ed polynmer (that is, the virgin" polynmer) in poise :
measured at 190 C and shear rates of 0.1 and 100 radi an/second,
respectively, wobfi92225 nunber having a value of 0.50 and yl’bi'l!ﬁﬁ&#l er
having a val ue of 0.10; [err] erein

ol yrer 1 o oyan peBh ket bitfkid 46 i B oirtHiSn B 0.5 UR pEER e Bl || o

E/B[ gr r] > M9 erUﬂPeFM@PFKO%IQQSiDQ corgditiony agd yet\shificientto Néi[%fﬂﬂ! camdiidm|5[ er r] a(rj e )
It st ths in cN at 150 C he. olv@q@y- nodi fi pol ymer and the

ggrre ;olrsgr prior to rmdificaﬁgo 1 ?reoggl@b??vely. W) ana Yet anot her

aspect of the present inventi olog sedisdegn@ti*¥o i nprovy I nt er medi at es

f Ki I | & Cl St . ' vl ene ol ymer
avi g & BB QRS o O AR the Wlfodich S el iyt oBfte meneursll, 1T
WO 97/ 32922 at 190 C and shear rates of 0.1 and 100 radian/second, respectively, n,.* and 7,

PCT/ US97/ 02996 . AR figi do.cause the formation
of 0.5 wt per core the v !son%ﬁgeggtﬁ@tmln%ﬁiﬁa%géﬂn%ﬁhta{ %‘rtggtévs'@ﬁnéa}%ﬁgi"f PYME and
yet suffici ent megswed 190 € nad sheadratesef.0.1 and 100 radian/second, respectively, xisa[ er r]
"1 ol se. messur o haIng s valiplor 16D sy s A hafiy 8lyehe 316G, ' °¢ PO V™!
radi an/ secdBd, respectively, Pperdlome’ 8] I ar@ht he vi scosities of
h dified o 0 pai

reasured at | 104 erooh xandlog c5ard B rehlpich ine N HebiobitRBiNES polymer
respectively, Rndthegpolymer prigrdermedification ngspectiedlyuer of 0.50 and y is a nunber

havi ng a val ue of 0.10; 10 MS™> MS'+ 0.5 cN éﬁ,?r] wherein | og
[err] and log [err] are log relaxation tinmes of th heol ogy- nodi fi ed

pol yrer awhereidMPdaghME” areinsit atrgngtheimeasused ieN at d5p Soof ithesthgology-

[err] e hidhiified/ Bbighéd andithle S5h& poméY drioP e thodiichfidtd tdtpedRaiyur €d 10 cN at

50 C of the rheol ogy-
15 gg/t another aspect of this invention is a method of using the intermediates

described above in 2 method for making an article comprising a polymer.
FIG. 1 shows plots of viscosity versus shear rate before and after
modification with varying dosages of y-radiation for a substantially linear ethylene 1-
20  octene copolymer elastomer known as SM 8400 having a density of 0.873 glcm®, a
melt index of 32 dg/min., and a molecular weight distribution, M,/M,, of about 2 prior
fo rheclogy modification. SM 8400 is a substantially linear ethylene polymer
commercially available from The Dow Chemical Company under the trademark
Affinity™,
25 FIG. 2 shows plots of viscosity versus shear rate before and aiter
modification with the same dosages of y-radiation as used to generate the data of
FIG. 1 for a substantially linear ethylene 1-octene copolymer plastomer known as
HM 1100 having a density of 0.883 g/cm®, a melt index of 16.3 dg/min., and a
molecular weight distribution, M,/M,, of about 2 prior to rheclogy modification. HM
30 1100 is also commercially available from The Dow Chemical Company under the
trademark Affinity™.
FIG. 3 shows a best linear fit via least squares analysis of log relaxation time
(log <o) versus log zero shear rate viscosity (log 1,) in poise for SM 8400 and HM
1100. 1, and n, are obtained from fitting viscosity data such as shown in FIGS. 1
8-



15 nodified polymer and the sane polynmer prior to nodification,
Fespectively. Yet anot her aspect of this invention is a nethod
of using the internedi ates descri bed above in a nethod for naking an
article conprising a polyner. , FIG 1 shows plots of viscosity
versus shear rate before and after ' nodi fication with varyi ng dosages
of y-radi ati ony@bmsespubstantially linear ethylene 1- 20 oct pOWUSIH2ISNES
el astomer known as SM 8400 having a density of 0.873 g/cnferr], a mel t
i ndex of 32 dg/ nmighd 2 tathé caosmé@ewrwvny\eﬂgmy dia)é't)rin'l hhkh amndyare fhemieasbdt 2

prior to rhe mpdi fication angiall I|n
et hyl ene pol yner gearq’YSSBWEFﬁWiP"ﬁW% ?%T'@W’ﬁfﬁe FY@'WI é’?ﬁle ?ierany
under the tradenardex of the nfidtériani t y[err]. 25 FIG 2 shows plots of

i’ dosagee of [ or ] TIG SewsRoor Tl ety n oy ot (O el kg W it T

for a subst antsi al8400 badhidbir1160 bgfosnandlafiec y-eradiaiapol yner pl ast oner known as
HM 1100 havi ng a ,densiyt ffO 3 g/cnferr], a nelt index of 16.3 dg/mn.,
and a rmlecJIar 9% i buti on, Merr]/Merr], of about 2 prior
to rheol ogy nodificat Unless inic3ied td the @ontrary | all pads; peecentaged andratiod axbbe fr om

FIG 3 shous o bASIOHE, 1He.HBfiRpioh b tor wnerl SRHETRicE/s uBibledl B pobtesany ; o,
tinme (1 og [ omluk)essdhanucs efjur) tezthe ousedcal valee which floss this expregsiprr The i n
poi se for SM 840Q, gr'égsin rceﬂtlﬁmgani qL_'f@tc'jer{f‘err] are obtained from

fitting V|sc05|ty ta such as shown in WO 97/ 32922
PCT/ US97/ 02996 dheitepmi"polymer” megnsa ceapaund preparadby-polymerizing n  whi ch
[err] and [err] Hhghoidfs, WRERLY dthe same SfMFdierkit iR Tht oBREtcAa ASRAGIIhEY
shear rate, respectlve , ni1s the power |aw I ndex

mat eri al . embraces ﬁe@mm @mlmp&l@uewv ennioyed fo @fﬂjmmfvmetﬁ PEgParesh C
relative to |09 Mo édy $r%rtyp°d\4)f ronoffe,and itk teivh ﬂ.ﬂa@&oi@ﬁiearasaémeah&.%rnaner
[err]-irradiation. asi ¢ Definitions

i ndi cated to ¥he cont 7B® 93"“ "NE’EPJX'F%!" measRANMaseRrepagd P&fheo%o'vme@zstgpn of
wei ght. The expr esrhstiwo diffefent typbeor mdaew ﬁ@@;@héﬁe tanmmefpb@aierﬂnurhg e

i ncl udes any | ug | ess, th n or, e r|c val ue which
ol 1 one thi s expRAies e SRR copsmere: Kbk i iraly STHPEG 1o SorI8 ROVRERR i
percent". preparedifoen Wdifferaﬁln)ﬁmmetsﬁﬁﬁﬂsll sswmmwlprppapcfraﬁ rhore

pol ymeri zi ng r of the sane or a different type. The
generic term poI Wﬁﬁéwm%eso monomers. .

The term “homogeneous” polymers are ethylene mterpolymers in which any
comonomer is randomly distributed within a given interpolymer molecule and
substantially all of the interpolymer molecules have the same ethylene/comonomer
ratio within that interpolymer. Homogeneous polymers generally are characterized
as having a single melting peak between -30 C and 150 C, as determined by

25 differential scanning calorimetry (DSC).

Homogeneous polymers will also typically have a molecular weight
distribution, M,/M,, less than or equat to 3 (when the density of the interpolymer is
less than 0.960 g/cc) preferably less than or equai to 2.5.

In addition or in the alternative, the hamogeneity of the polymers is typically

30 described by the SCBDI (Short Chain Branch Distribution Index) or CDBI

{Composition Distribution Branch Index) and is defined as the weight percent of the
polymer molecules having a comonomer content within 50 percent of the median
total molar comonomer content. The SCBD! of a polymer is readily calculated from

data obtained from techniques known in the art, such as, for example, temperature
-7-



enbraces the term "honopol yner", usually enployed to refer to polyners
pr epar ed fromonly one type of nononer, and the term"interpolynmer"
as defined hereinafter. 15 The term "interpolymer" neans pol yners
prepared by the polynerization of at least two different types of
nononers. The generic term"interpolynmer" thus I ncludes the term

"copol yners", wihemiaeozrs usual ly enployed to refer to pol yner secroserpespar ed
fromtwo different nononers, as well as to pol xners prepared from mor e

than two di f f eFEing eltjondsactionatig (abbreyiatentherein as bR fReneous”
polyners are eékahk;@él%maemojwm afpdlyrmk.tlsz:réna@pony Phyé:EﬂD%m?b p.g4fandont y

dlstrlbutedvm n a n|nt cul e bstantially all
of the interpo 1@ "n@ geatd t(ﬁgz"étﬁ‘r’é' e?ﬂ?f‘ggrg?aé%rﬂgﬁém (Chum, 4t o
Wi t Ei n that i nbe*tmoru@scaommk mqushmbgeﬁeo %us mga%rﬂlf&énnhaee%smsﬁampt e(r]I i Eed
as having a_si e eak, bet ween, - a as_deternined by
55 "Gt or ohe 1 reat elahe/i sl FOVRBHS (3SR s presentinventonts STpaiRERENAD.C
polymers wi || 9éuaemt YRiférably Yreatr than 70Qefsenl, afid Word)freferably gréiatet thahBbi on,
Merr]/Merr], esﬁct than or equal to 3 (when the density of the

I nt er pol yner i | ess than 0.960 g/cc) preferably |l ess than or equal to
2. 5. | NHetérbgehous polymiers arsetiylenelruldfininterpolymerocrapsaterizey aef t he

polymers is ty ally 30 scrl bed SCBDI, _(.Shor ai n. Bran

Di stribution |ﬁ6‘@'§8 a fpeathrg ¥B35e %%WPPSHW&@'P?BSH@# tingpea ndex)
and is def ilmedgmtahnmsmlaﬁrmefabmb athightdeasity fractigm | Weterogendoasul es havi ng a
conmonomer content within. 50 ent o di tal npol ar
conononer cont @pﬁf?wﬁfﬂ@* @ﬂ’igﬁ& Ve, 9@%@?&‘1 3 ?Pdc‘%ff’ g’t?f"é’t%'@?“ﬁ% m

data obtai ned CDBMessthaniofjeqsl toBO\indicatirigtatauth intanpdlymers afeds mbdarget €,

gc;/rrgtzaggtz Ur®  molecules having differing comonomer contents and differing %{ew%g%@?@gin VO

rising eluti onblfmemng onation (abbreviated herein as "TREF") as descri bed,
for . e | e, h
£, Vol - 300 p. _aTHe teftn (i oers 4 untox oFE polter fEeliE8 meidio 1 CY
or in US. Pat8TMD-033, @md-(@hmcm 16 &g (fatmerly kibwn geiundiionE¥). for t he
honogeneous |inear fudy f'rﬁr‘ w‘g&?rﬁ@&%‘t'@ew;faEol#néf'l’ﬁé‘ésuredaccordin to

ethylene/[err]-ol efi I nvention 1 s dgreater

n
t han 50 pABTMR-12 speﬂﬂﬁsm 100f¢/40 ke HOWH knowmas Condition (N Wor e

preferably greater {ipgpiision “mePfidvr &b as used herein meansHﬁyﬁ‘fQﬁieﬁ?Qﬂéesom yners
are ethylene/[err]-olefin interpol %ners characterized a havi ng a
i

| i near bacBBoné“MW’lﬁ@?@'P?ﬁﬁﬁ@b yipfthe RalyMey a di st nct nel ting peak

The term "M,” refers to the number average molecular weight of the polymer
as determined via gel permeation chromatography.

The term *M,,” refers to the weight average molecular weight of the polymer
as determined via gel permeation chromatography.

25 Unless specified otherwise, the expression “molecular weight distribution”
refers to the breadth of the molecular weight distribution of the bulk polymer as
defined by M/M,.

The term “crosslinking” as used herein refers to both tetrafunctionat (H-type)
long chain branching resulting from a covalent linkage between two polymer

30 molecule backbones and trifunctional (T-type) long chain branching produced when
a terminal group of a polymer molecule forms a covalent bond with the backbone of
another polymer molecule.

The term “gel” refers to a three-dimensional polymer network which is formed
from covalently linked polymer chains. The amount of gel is expressed in terms of
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10 greater than 1 115[err]C attributable to a high density fraction.

Het er ogeneous i nterpolyners will typically have an Merr]/Merr]
greater than-3 and will typically have a CDBI |ess than or equal to
50, indicating that such interpolyners are a m xture of nol ecul es

having differing comononer contents and differing anmounts of short chain
branchi ng. 15 wooems2ezihe term"I[err]" refers to the nelt i ndecIMMS97/42996
pol ymer measured accordin ASTM D- 1238, Condition 190 C/ 2. 16 kg

to
(fornmerly known V@E‘*‘Eﬂﬁﬂ?‘tg"?&?ﬂ grethe jotal weight of the polymesnas defgrmpined by ASTM | of o 5
to the nmelt indep7es, rrod@ue®r neasured according to ASTM D- 1238,
Condition 190 C/ 10 k formerly known as "Conditiop "), . .
expression "nmelt fl og&"‘(ﬁ? srpcifigd othepyiss, hedem 'nmﬂque%% "‘{?hlef'é‘f'?‘]“'t%'ﬂd
provides 20 an poikeidynki. seconl/cPie She@Oastosity dtishear edtes fism 00l 151700 .
The term"Merr]" refers to the nunber averag_ﬁgrml ecul ar wei ghé of .the

B0 Gemdera p

pol yner 5 adadignsisefisaepsyred id e AGRRANST ! dynamic

Thle term"Merr ]n'iec?ﬁii@ spéotroinBter, watly s tha\l?fea@emﬁBRM&meb&lgiéwﬁsm

pol ymer as determn ia gel perpeation chro ra )

Unl ess speci fi eﬁvﬂmaﬁ%ma?g‘,p\{?tﬁ%%bé‘ﬁf’ﬁ@g? s“?ﬁSFEEﬁFEf£&?JF§R¥*’ﬂPsFP? but i on"
refers to the brdgnathib methdrieal spectrometer iswsedjioimebsatery Dahd an of Equations i)

pol ymer as defined by Mer r.é/ Merr]. . The term
"crosslinking" 4&)asdV)n8hearyiscesitymayalsohn measstaddn thesheatange ofabputc1o-

| ong chai n bjpangabhigecamitgld EpilafydAdcinéter PorBimay BaferltdtyPastal VEucBhd Y MEr

30 nol ecul e backbones ang trifunctional (T-type) |long chain branching
produced when by multiplying/tyiQ.tPa-gipeise. &ihe terp iRy Ffers fopatipgiee.f or s a coval ent

bond with the backboftge Rfiaxation timéROhkerd NP TScIERY, $C Ubfhe polymer are %he The
term"gel"” refers to a three-dinen%ional polynmer netWork which is tormed

from coval ent | y “beshfitevalpssl tg ther Crobsequatio [thatdsipunt of gel 1s expressed in
terms of V\097/329% = 1/(1 +fy,- 1 )"
PCT/ US97/ 02996 wei ght - percent é(asea or‘ ?he total weight of the pol yner

as detern ne@ byn kfdiVh is the pbieriaw inde 6RAS rtefial, and v and y are thb/ileR8gregPeci fi ed
otherwi se, the term"viscosity" refers to shear viscosity in poi se

(dyne. second/ cSeanvisposityand porasppping shea rats, sesPettivelts from 0.1 to 100 5

radi ans/sec is neasured at 190 C under a nitrogen atnosphere using a
dynam c _ rreg\ani MM as the Rheonetrics RV5-800
equi pped with 25 mm plates, in the oscillatory shear
nmode at 15 percent sThethomogBneous polyethylsnss thatiemmterheaddgymedifiedatedrdingité used
to measure [2%r r ]lhis %\r}gnﬁ[)g ?arll]into i‘tvgo Er%gg gtggnosrie .I t?ré linear homogeneous polyethylenes
and the substantially linear homogeneous polyethylenes. Both are known.
Homogeneous linear ethylene polymers have long been commercially
available. As exemplified in U.S. Patent No. 3,645,992 to Elston, homogeneous
linear ethylene polymers can be prepared in conventional polymerization processes
25 using Ziegler-type catalysts such as, for example, zirconium and vanadium catalyst
systems. U.S. Patent No. 4,837,299 to Ewen et al. and U.S. Patent No. 5,218,071
to Tsutsui et al. disclose the use of metallocene catalysts, such as catalyst systems
based on hafnium, for the preparation of homogeneous linear ethylene polymers.
Homogeneous linear ethylene polymers are typically characterized as having a
30 molecular weight distribution, M,,/M;,, of about 2. Commercially available examples

of homogeneous linear ethylene polymers include those sold by Mitsui
Petrochemical Industries as Tafmer™ resins and by Exxon Chemical Company as
Exact™ resins.
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(I1'V) and (V). Shear viscosity may al so be nmeasured in the shear range of
about 10- 10 4000 sec[err] using a capillary rheoneter. Poise may be
converted to Pascal . second by multiplying by 0.1 Pa s/poise. The
term"cp" refers to centipoise. The relaxation tine, [err] and
zero shear viscosity, [err] of the polyner are the "best fit" val ues

to the Cross egamhsyz that is, HCANWSo7/83996 | N
which n is the power |aw index of the material, and [err] and [err] are the

measur ed shear Thessubstaotjallyiinkar @thylene eoliiners (ShERS) arthemogesenust i vel y.
2. Honobgeneo : .
pol yet hyl enes tﬁ%ﬁ%@%‘ QEPEQE?‘%@E’H%’H?%@Sygéec%g%‘%ﬁgqug’gg’%@ﬁ?'%&i nventi on
fall into two bbgaa23andB?18272. (S1&EPsiarcavallabimiber The Rowehemica Gompery
and the substank] glhirkers nfids by BUTRGR PHbeRAInIR 4RIl & T8EnoRRl Bud & known.
ave n rally

Honogeneous |inear ‘ethyl ene polyners 0 een comer

avai labl 6. A8 cReaRgeT paplefin slasiomens (FORS) a9d ABINGWS! pobiefip pistomsls.
homogeneous (pdpg)e8pechicbvaiBles BAUSRR ERodea™ POERIrRRRE S AbceBAB] onal

A
pol ymeri zati on procésses 25 using Zi egFer-type catal ysts such as, for

exanpl e, zi r conanthCl A0 andapecific examplepf useful Affinjty P'R@Ps include FM 670, M.
4,937,299 to Ewg{boehndSM 1306, ddcPof WhitER comierchally &Gaifdibié from The Bow SUt SUI et

al . disclose the use of netal | ocene catal ysts, such as catal yst systens
based on haf ni ufffemigal GampPapy--pbERR FaBPedreRABbER e salktion. sy, @nass pbae.
polyners. 1o  plefdearhsshiton |ph§s%felr>o|9lhbﬁﬂaﬁ6r€ofm+yléﬁﬁraﬁd%h60f dhBreCoptibdal o-

characterized as having a 30 .nol ecul ar weight distribution, I\/[erH,/lv[err]

of about 2. Co neomanomersin tha jresencs fi eanstrained gegmety catalysh Stich a8 e ar

et hyl ene pol yregigcibsedlin Berop&ditRatemt Applicatiod 4®.815-A.  Petrochemi cal
I ndustries as Tafner[err] resins and by Exxon Chem cal Conpany as

Exact[err] resins. The substantially livar 8fhiigasia-olefin polymers are made by a continuous
PCT/ US97/ 02996 . suitabThe suhst ant i a I ¥ tI ' gar t %’I ene loI ners
(SLEPs) ar e honBREsBdibe sutable Sorstated Ghanibin, boalyBS rafflably GiSwlited They ar o
di scl osed i ns U. Geonhiatyasatalysissas disclosedinZEF24 15381 Spwhicth p@ilishétl’éh MSichRS, t99;
avai | abl e Trom Re slaaw 568 SificiAbsuzd R WdVember 12, 1996; U.S. 5,132,380, which issued

on July 21, 1992; EP 418,044, which published on March 20, 1991, and EP 520,732,

which published June 22, 1992, The monocyclopentadieny! transition metal olefin

polymerization catalysts taught in USP 5,026,798, are also suitable for use in

20 preparing the polymers of the present invention, so long as the reaction conditions

are as specified below.

Suitable cocatalysts for use herein include but are not limited to, for example,
polymeric or oligomeric aluminoxanes, especially methyl aluminoxane, as well as
inert, compatible, noncoordinating, ion forming compounds. Preferred cocatalysts

25  are inert, noncoordinating, boron compounds.

The expression “continuous process” means a process in which reactants
are continuously added and product is continuously withdrawn such that an
approximation of a steady state (that is substantially constant concentration of
reactants and product while carrying out the process) is achieved. The

30 polymerization conditions for manufacturing the substantially linear ethylene/a-olefin
polymers of the present invention are generally those useful in the solution
polymerization process, although the application of the present invention is not
limited thereto. Slurry and gas phase polymerization processes are also believed to

-10-



as polymers nade by the Insite[err] Process and Catal yst Technol ogy such as
5 Engage[err] polyolefin elastoners (POEs) and Affinity[err] polyolefin
pl ast omer s (POPs). Specific exanples of useful Engage[err] POEs -

i ncl ude SM 8400, EG 8100, and CL 8001 and specific exanples of useful
Affinity[err] POPs include FM 1570, HM 1100, and SM 1300, each of

whi ch is comrer gigdzlayezavai | abl e from The Dow Chem cal Congeiisoraidsss
can be prepared via the solution, slurry, or gas phase, 10 preferably
sol uti on phase, pslusatkiliprayided theosroperieatalysts and golymerizationgenditiops aenal [err] -
olefin cormnorrer§n{‘;|'by§g_e presence of a constrained geonetry catal yst, such
as is di scl osed i n European Patent Application 416, 815-A.

The substantial |y | i ndtiplemasterrolymerizatios|psgcepsessan aiso bessed inqmiaking the

cont i nuous RUGSE R eBoishH bfthéts SR SdpofaRlto B8 HENSIcaF iidtifis S

preferably constrained 1 geonetry catal yst's "as di scl os
whi ch publishdéd @ecqudipg ko the preggntinvention, sychas thospaliscinged inWHR B.914.342dTee

Novenber 12, 199GuitidieTeadtorsoandeopetitdGn sareS\eR M paralle], Mth atteYstohe 19920 EP
418, 044, which published on March 20, 1991, and EP 520, /32 whi ch

publ i shed June 2??"?@9‘2"QFH@eWbFﬁR‘WIeE}?@M?‘%@i@ﬁﬁmFF%@-i on netal olefin
pol ggeri zati on cai ﬁ' Y$hi6tdrﬁuﬁiﬁs¥dn§l?]|l¥$ﬁeﬁ'? ﬂafr.sﬁﬁa; in?a!aaitiaﬁ ﬁﬁhlé sﬁ&@maﬁ} Lor use
in preparing.the polyne e present invention, so |ong as the
reaction conditi 5’@""‘& aﬁ,"?l"éggg" bomeg GaBI0HRmMer incorporation, the e%&M‘Q'@bl e
cocatal ysts for psigmeeisdurther ohdraclerized las hawingBhg thai brafctes in thaf thepeiRier

hel 1 s " T nePBoRegtschpRiSd R B aYeiRurar R o Bindr s HrepEBH A0t o,

PL ef erred cocat algrbbss. Prefeaedsibstantially liosat polmersdon usg.in hﬁﬁ@&ﬂmﬁgnd f

The expression " N ans a ss. in . which reactants

are colr[:t I nuousl yg@%yg%&;%@%@gﬁiﬁoq%%égqu%ﬁgfﬁaquﬁwéw @E@h t hat an

appr oxE[ maz ion 011: branch/40Q0,/casbansear(d rore dra‘embbﬂb%ﬂﬁglgl:gchz:mbv?&?ﬁl:%ﬂeo r ocess)

concentrationso i i u SS
e cone fo{1oh Bishy Bgfcrb i daloall Uf ac c

I s achi eved. ns for manufacturing the
substantially |inear Wxaopirasgtés theiterm "substantially linearidhe teem Slinehr" tnivsang theat ¢vet

i nvention are gegagﬁla} Mcﬁslﬂlﬂ@fsul'h%fg&Lde{nﬁnétﬂ%leﬁ@:{#h.bﬁ%ranches,QRASH%A Eﬁﬁrﬁ&n

process, although the application o e prese Invention |
linited thereto. isSubstityted with gn average of less| 01 long ghaip brapch/$200 carkonsl so

believed to For ethylene/o-olefin interpolymers, “long chain branching® {LCB) means a
20  chain length longer than the short chain branch that results from the incorporation of
the a-olefin(s) into the polymer backbone. Each long chain branch has the same
comonomer distribution as the polymer backbone and can be as long as the polymer
backbone to which it is attached. |
The empirical effect of the presence of long chain branching in the
25  substantial linear ethylenel/a-olefin interpolymers used in the invention is manifested
in its enhanced rheological properties which are quantified and expressed herein in
terms of gas extrusion rheometry (GER) resuits and/or melt flow, 1,y/1,, increases.
The presence of short chain branching of up to 6 carbon atoms in length can
be determined in ethylene polymers by using *C nuclear magnetic resonance
30 (NMR) spectroscopy and is quantified using the method described by Randall (Rev.
Macromol. Chem. Phys., C.29, V. 283, p. 285-297.
As a practical matter, current *C nuclear magnetic resonance spectroscopy
cannot distinguish the length of a long chain branch in excess of six carbon atoms.
However, there are other known techniques useful for determining the presence of
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WD 97/ 32922

PCT/ US97/ 02996 be useful, provided the proper catal ysts and
pol ymeri zation conditions are enpl oyed. Mul ti pl e reactor
pol ymeri zati on processes can al so be used in naking the substantial ly

| i near ol efin polyners and copol yners to be rheologically nodified 5
accordi ng to thgeRiement invention, such as those disclosed ippridsbez906
3,914, 342. The mul tiple reactors can be operated in selrplags or in
paral | el , wi t hloag chainbranshes in ethylene polgmes| inadding eiiglene/1-cateabyst enpl oyed in

one Of e 1 S2BidbRymer, Tug sueh mpndAFas ol AR AN b o0 A"
hom)geneous com!mrome lanerdighiscattering deteptor (BRGHLAKIS)ENd gelpepmeatidns f urt her
characterized | r
backbone is substi tg“’tlg P%h&ng&%'%r}ay\}ae@g&gwﬁséd&ﬁm%ﬁwﬁ Qbm The use
branches/ 1090 of these teshniqes forrlonsfqbam@mr@n ideteslinn andthe undedm Btﬂogleﬁehawef or
use |0 1 he 1 NVEgd i) ddcBimented in thY iskanirdl! Séip, il ekafrpRTEihef) b HOBR Chai 1

ain arbons,

branch/ 1000 carbons to and nore
ot of or abl y 1 OFIGGRDEYErONE.ohGhem PRy 7406 (1546) enst sty AcMadeim gthoca r

branch/ 1000 Ca&mﬁ?er Characterization, J&Hih WﬂH}tdgéﬁs Nth%ﬁ( (19§f§‘pps'l'ﬁl§1i?i‘t lal Iy
I near " Neans

linear", the term ks neasur abl e or

denonstrabl e 1ong c Mﬂemﬁ?ﬁ'ﬂ@sa"dtﬂﬂﬂe"9§huﬂﬂﬁ°‘ﬂ(9f pow(:hemlqag substi tuted
‘Wi th an aves ageompany: asthe Wbﬂér@h%&ﬂ&féﬂ’é%ébfhﬁ@ﬂ&d&é@ﬁgmﬁélhﬁaﬁ

For et hyl ene/[ r -oI efl |nte chain branching” (L nmeans

n
a 20 chain | e %ﬁ@% H °§'ﬁ'é$t‘fA%$§ RSBHH'EW'FW P‘@%Wt?%d? omt he
i ncor por ati on Gémonstratlﬁﬂha{GPc-bwb afmaﬁﬁbcﬂmﬁuﬁ for e apiyibid e ed?éé“e'ﬁbé’aﬁ Each

backbone and CIRHS GE LreeRey ASLER, 958 mﬁﬁﬁeemgg@g““?%ﬁ e Brer) o

gt t acE_ed. _ ﬂf Ior1295cha|n Branchesn Hiomwel nafu&eu?}stﬁiﬂaﬂ?heaf I&Bﬁml : _m!i'_shmpﬂsclhal n
t t -0l t
used i tnd¥ nOERFTSHSHES hEAmEsresartr o ReR e fifid g lgps ™
properties whi chaimbranchesmeasied using PExiMBssed herein in terms of gas
t h t I
e oL on NS0Tt ek oA Bk b Blncd S e Pl

carbon atons i mﬂﬂeﬁgldrhmyﬂamic vbiume of thepolyetitylene eame%lnsotubmym aasby using

Usi g the. ot her G e SRS RET rlecqt Wolon? MR ERBIGAING cend it ' °
C. 29, V. 283, ehaipbranches by kno\mng the mole pgreentpctene incthe sampleeBy current [err]C
nucl ear magnet a&oheamnﬁ@mmwﬁwywnar we:gsaﬂeasséﬂétﬁbueswaéw&me' engt h

of a long chain branch™in excess SI X carbon However, there

are ot her knowshareehain Wﬁ%@eﬁé@ﬁ‘ﬂ'"‘ FG‘? Chém showesd thgt @'F@'DM'ESBEPR:ES%"HO

- quantify the levetl of long chain branches in substantially linear ethylene/octene
copolymers.

25 deGroot and Chum also showed that a plot of Log (1,) as a function of Log
{M,)) as determined by GPC illustrates that the long chain branching aspects (but not
the extent of long branching) of SLEPs are comparable to that of high pressure,
highly branched iow density polyethylene (LDPE) and are clearly distinct from
ethylene polymers produced using Ziegler-type catalysts such as titanium

30 complexes and ordinary catalysts for making homogeneous polymers such as
hafnium and vanadium compiexes.

SLEPs are further characterized as having:
{a) a melt flow ratio, 1,,/1, > 5.63,
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WO 97/ 32922

PCT/ US97/ 02996 | ong chain branches in ethylene polyners, including

et hyl ene/ 1- oct ene i nterpol yners. Two such net hods are gel perneation
chr.omat ography coupled with ~  a low angle laser |ight scattering detector
(GPC- LALLS) and gel per neati on chr omat ogr aphy coupled with a

differenti al ¢3¢ detector (GPG-DV). The use 5 of thepertssobmogues
for |ong chaln anch detection and the underlying theories have been
wel | documented in tHB) I @éﬁ@@%*@we@bédismwti%xédm as deterpipedbygel and

St ockmayer, WH., J.Chem Bh¥sStion dirorma 480 deiRed Byt equédion: Moder n
Met hods of PoI ymer Chpgract'g?lzrgtlgédpﬁghn Iey&l& So%ﬁs New Yor k

(1991) pp. 103-112. A(WW)érﬂM and P. Steve Chum both
of The Dow Cherical 1@ CoeRsilsnédk skl fBiedset o grodORi ey esce of the
Federation of Anal ytical Chem stry andﬂﬂ%gctro%zo% agﬂtc%/ FACSS) in
St. Louis, M%souri, presé’ﬁteé'ﬂmﬂ‘&i’hgase"wﬁ'@ Pely:iohg is a
usefSlIf:EPt eclhni quet f Orl quantgyﬁéﬂlm dria aﬁéﬁw&ﬁhaflogy such ihamthﬂéalnsHiKaaPableS
in S n particul ar e o a ong
chai n branches in hormgen@bﬂ%segﬁfb%'?a?ﬂmﬁ\t ?8\’ g@é& %‘oéf%ﬁ&fﬁ?é%%%‘?‘ﬁﬁ?‘& 15
rTFalsured usi nght he ﬁl mﬂﬁfgﬁd{éﬂuﬁﬁ’ thg%&ht%amfdaéhﬁ@demlshtfmetlheﬂ hg Ie\éel
of long chai n branches neasur usjng [err : urt her,
deGr oot and Chum found th 'FC'PFFgfgb‘?E’ﬁ?ﬁﬁ@‘y@f‘iB@Y’hﬂe%@gt?ﬁﬁwpmdmange t he
hydr odynam cjol une of thﬂinwle}l'@teh;lpelymesarmirisstﬁersamldotnoﬂanermi as

such, one can account for the nole table to
octene short 20 chain brfﬂ@ﬂ@%mﬁﬁﬁﬁgﬁaﬁaéh?%éehﬂ g‘%ggﬁ:lﬂ“ in the
sanpl e. By deconvol utdengityMln*chcanmeactbmthlmnpercamiloéttaI&JEH/mdghheremcr ease
attributable to 1-octene r hal owed
that GPC-DV may be used t(ghe 'esa&gﬂéa%'ﬁ'?%f ﬂ?ﬁg@@g\%‘tﬁe gg é%ﬁgihc @?%%Hﬂéﬁ{

in substantially |inear etpolymenarecsneasured at the samedsnejttemperatse using a gasle G oot

and Chum al sg, showed t hat [err]) as a function of Log
(Merr]) as dseterm ned by %‘9{? Tlf‘tgl?gé&that t he Ion% chai n branching
aspects (but not {d) he mmﬁﬂﬁmiabh@nbhamhﬂmﬁw BEComelting peak ketwpen abl e
to that of high pressure, _39ang{Hogh! y branched | ow density polyethyl ene
(LDPE) and are clearly di st| nct from et hyl ene pol yners produced usi ng
Zi egl er-type catal yst%e’?iﬂ!'bl @3'@2%&%'%"”%%”&&%@9’%3&% gbout

catal ysts for  makg0pRMAPLAGILP alth ¥ BipSoidly 35 sbout 5 8kl MEPfhevanadi um

conpl exes. S are racteri zed as havin
(a) a mel t 2¢ | osubstentially linear ethyleng/aggefin polymers used in the compositions of the
-12- invention, the 110/12 ratio indicates the degree of long chain branching, that is, the

higher the 110/i2 ratio, the more long chain branching in the polymer. Generally, the
110/12 ratio of the substantially linear ethylene/a-olefin polymers is at least 5.63,
preferably at least 7, especially at least 8 or above, and as high as 25.
25 The melt index for the substantially linear olefin polymers useful herein is
preferably at least 0.1 grams/10 minutes (g/10 min), more preferably at least 0.5
/10 min and especially at least 1 g/10 min up to preferably 100 g/10 min, more
preferably up to 50 g/10 min, and especially up to 20 /10 min.
Determination of the critical shear rate and critical shear stress in regards to
30  melt fracture as well as other rheology properties such as rheological processing
index (Pl), is performed using a gas extrusion rheometer (GER). The gas extrusion
rheometer is described by M. Shida, R.N. Shroff and L.V. Cancio in Polymer
Engineering Science, Vol. 17, No. 11, p. 770 (1977), and in Rheometers for Molten
Plastics by John Dealy, published by Van Nostrand Reinhold Co. (1982) on pp. 97-
-13-
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PCT/ US97/ 02996 (b) a nol ecul ar wei ght distribution,
Merr]/Merr] as determ ned by gel per neati on

chr.omat ogr aphy and defined by the equation:

[err] (c) a critical shear stress at the onset of gross nelt
fracture, as Swoors2922 determ ned by gas extrusion rhermidoyne9é
greater than 4 x 10[err] dynes/cnferr] or a gas

ext rusi on r heol 9%)yGER ekpdrimentstdre generally patorntedat arterhperature of 190 C, at at

t of f t ) ' 0 t
roater than t naagenressfifel Hofiekf 250 iho0h paio 1.7 38 FFBlnaig L6 REE o
}‘ ractur et 1;1 olr a diametar, 2611HyD dieavithainyanirance dnglecd!180h &~ BLIEFSIERS deserilied
i near e en ¢ .

cononomer s?/ ;1 h?%&h’g@f ::éf ﬁﬁf{ﬁé&%ﬁ?ﬁ%ﬁﬁ% ﬁ?g h;g;a'l\ﬂ@%m?\ﬁye?ﬁl aﬁnd
density whi ¢h afcaRpatEm SReansiress ohs.pex y arfte s far use in
th ti kol ; | | ene
pol yrer are ner::; ?@sg?"&'ﬁﬂm&tkpg sg)‘ﬁyzfzfr?"?'?%ﬁgg%ﬁﬁ P%Lj‘giﬁﬁ:é;%é B B
ext rusi on rheonftRoBse, ‘sec) to 50 kpoise( ‘SeC)shra Vi1 kpoiser(tl iSdPaseani ng

| orinetry, DS, j - C.
Goner &l 1y, "t ho T sy ho BIEPE GloaiRlui e 2 Pives then or equplto 70 gerignfii e o
about 5. 630f ajinearatiaiang palymee(eliberaieglerpolymasized polimeror d fineat  about 8
or above. Fgy Uifforfly b%&ﬁdﬁ{b‘ﬁgﬂ' BY dédchséd ?ﬁl@%ﬁ?ﬂgé ege{n} 3.?5?,595).%%%”” S

used in the conpositions o I nvent’i on, I 0 ‘i1 ndl Cat es

the degree of |%Hg MiMsandislensityneash withinden percentigbthe SLEPS; gher the [err]
ratio, the nore | onernghiRédibgtaPSEhBlRSorSLEPE 8arP sy BE tharb@BRed thhe f)&s .
e[rr] ratio of the surt‘)st an&ysﬂ l%ﬂhl i near ethyl ene/ [ er r]r- ol efin polynmers is
at |east 5.63, Rheologyindex(DiRl). whigh expressesa Pé\gb%" i §PIMAlizad netaxationdima asabhove,
alndf as hi Igh as tR® res?h’)laf long chain l;oraﬁhﬁ\gr‘l’!iSée.ics.1 dﬁii)@nﬁ%‘.w. :Migﬁﬂhﬁféﬁféam | }’1|0i near
ol efin pol ypers,usefu S refera t |east 0,1 grans
m nutes (g/ % m&ﬁ%ﬁé’é}rﬁﬂ\“y% B?'!%E’E"SG%E% - Ne"b%ﬂ'ﬁs i ‘Hg and
especi al |y at |StasturdiRhédléhyrRelationshipofiEtieyieneatOgfil GOpalymérs Néw OIS, La.,
preferably up tg 5 i and especjally up to. 2 /10 m n.
Det er mi nat i on o'ﬁa% %@3&?“@&“%&?"’% {9" Bﬂéﬂﬁ'gi”fh"a’a& ’%ﬂéﬁY" ®Wress in
regards to 30 medsurabledongichainctsanuling (fasexsniple, Tafea ™ giodpdts pedilblefrofich as
r heol ogi cal pr ; o . ' S US| as extrusion
rheonet er ( GERW&?'ﬁ%&g’ads‘e"é% lr'ﬁ@?%’relg E'l'a Ex%cﬁ?ﬁﬁé{u&fs@ﬁ%ﬂ%&@&r %&g”by M Shi da,
R. N. Shr of f26andChemical Campany) towakiout 16@nd are indeperglentefmetigndiod. dmgeneralpfor 17,
No. 11, p. 770 : | I { by John
Deal v, publ i shad ke Hectlhe dh AR pElviels artblib st iower dohdids) B
- 13- provides improved correlations to melt elasticity and high shear flowability relative to

correlations of the same attempted with melt flow ratios. For the SLEPs useful in

this invention, DRI is preferably at least 0.1, and especially at least 0.5, and most

25  especially at least 0.8. DRI can be caiculated from the equation:
DRI = (3652879 * t_ 1.00849/ ;Shno

where T, is the characteristic relaxation time of the material and ", is the zero shear

viscosity of the material. Both T, andny ,are the "best fit" values to the Cross

equation, that is, |

30 ni =0+ Gyt )

in which n is the power law index of the material, and n and y are the measured

viscosity and shear rate, respectively. Baseline determination of viscosity and shear

rate data are obtained using a Rheometric Mechanical Spectrometer (RMS-800)

-14-
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PCT/ US97/ 02996 99. CGER experinents are generally perforned at a
tenperature of 190 C, at nitrogen pressures between 250 to 5500 psig
(1.7 to 38 MPa)using a 0.0754 nm dianmeter, 20:1 L/D die with an
entrance angle of 180[err]. For the SLEPs descri bed herein, the Pl is

t he apparent viwwsemes (i n kpoise) of a material neasured by EEFAUS#7/0296 an
apparent shear stress of 2.15 x 10&@&2{] dyne/cnferr] (0.215NMPa The SLEPs
for use in under dynaeig sWHER mode tloriP0gadians/secondat 190 G and aiGRRve a PI

in the range of Bafdion Rheorh&@f@?Ed)QtQ@rLsxKﬁ’ﬂre%&irks fr@machdom%l 5,400 gsP®.8%eC) ,
preferably 15 kpoi Uﬁgd herei n have

B S o
a Pl less than dP3a§MPa) Hh%c‘ﬁﬁﬁs %t%?hqaﬁé"?sﬁ rom 0043 BRI ene
Eol y mﬁr OI( ei It her moismdnaraméryﬁm Lixdle apisprcﬁrs spprrcufa rﬁatglﬁég;tégrgnatmhé eamby
ranched pol ymer a st on .i at avin
an [err] I[Oer ?/5] aﬁﬂf ﬁ?’?qg‘ggcﬁo\% Tsrfeﬂ"'fe B%“r"ggﬁ?ot ag meY, index P °
;Ee Irheol ?gld cal beha\Aﬂppﬁ?ﬂ&!EEﬁstﬁ@ﬂv&bmmmmmm ploti ubud tohaedwv_
eol 0 ndex expr esses, a ner..s. " nor xati on
He a0 "I AR e ek e i e R e aAf e S
Kni ght ANTEC ' 933t:’b5s ofhtbylamj:dmrs | Adsbriingdo Remamutthpindlyey Jotohal of Rheolagy( SLEP)

-NewRuIesmt L e a-Cefin
Copol yners, @?)eg:ﬁ? 3§' é'ngbI HB&/e%ﬂLﬁ%@%%QVal ue sg;"gﬁ&%&g?n 0 for
pol ynmers whi uh dtresmanﬂeamyaaproadly classifielintalive maintypesh surface melt fractgre( f or
exanpl e, Taf rrer[ f'ﬁécﬁnr@va' | abl e from M tsui Petrochem cal

| ndustries and er r% prodlcts avail abl e from Exxon 20 Chemi cal
Conpany) to about 15 Surfdcemeit fraclpoacies undsf appsrentlyrsthady flow comditionaland f or

| ow to medi um prgg ?ééﬁﬁd@iaﬁ'%nﬁ%s%?éﬁé%ﬁéﬁﬂ&%ﬁcfe%&&ﬂ’a!e%&ré!sé\kré f%\P@ oﬁdens' ties)

DRI provi des roved correlations to i gh shear

asti Cl
flowability rel a‘ﬁh%s‘ﬁ'b" Herein, asgdetermined aiog §1e atioue-gesnsibed S\éﬁpﬂ'ﬁm&% mel t

flow ratios. \forgfage &EP@Q%Q@SMF) Edeﬁned éshhélobé‘&?é]&rh@é’te gldst. Tife BESSeEr abl y
at least 0.1, and especially | east 0.5, and nost 25 esSpecially at |east

0.8. DRI can be ©¢udate gloss mﬂ%m'mtﬁéwaiqﬁmelsaﬁace roughness of the extrudate canyonly—
(3652879 * [err]pe detectecmea @m{ ﬁ&gdmdaﬁo& hmevohaéﬁsﬁﬁ raté h@méehget%rsmcél me of

the material and Lerr‘lé Vi SCOSIh@}/ t he rrat erial.
Both [err] and [B¢f#a H"@f‘frﬁ'ées‘k?epﬁ 'S@He“t\ﬁglﬂ?&e”fﬂfe?ﬁét gg:-smtuca sheacgats: i on,
that is, 30 at the onset of surface melt fractué 6f a linear ethyiene/\bulyihermaving ebsenpaiyer | aw
i ndex of the mattﬁrlal mmu and [err] are the neasured

20 e same |,

Gross melt fracture occurs at unsteady extrusion flow conditions and ranges
in detail from regular (altemnating rough and smooth, helical, etc.) to random
distortions. For commercial acceptability to maximize the performance properties of
ﬂlms.' coatings and moldings, surface defects should be minimal, if not absent. The

25 critical shear stress at the onset of gross melt fracture for the SLEPS, especially
those having a density greater than 0.910 g/cc, used in the invention is greater than
4 x 10° dynes/cm?(0.4 MPa). The critical shear rate at the onset of surface melt
fracture (OSMF) and the onset of gross melt fracture (OGMF) will be used herein
based on the changes of surface roughness and configurations of the extrudates

30 extruded by a GER.

The SLEPs used in the invention are also characterized by a single DSC
melting peak. The single melting peak is determined using a differential scanning
calorimeter standardized with indium and deionized water. The method involves 3-7
mg sample sizes, a "first heat" to about 180 C which is held for 4 minutes, a cool
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viscosity and shear rate, respectively. Baseline determ nation of viscosity

and shear rate data are obtai ned using a Rheonetric Mechani cal
Spectronet er ( RMS-800) -14-
WD-97/ 32922 _'

PCT/ US97/ 02996 under dynam c sweep node fromO0.1 to 100 radi ans/ second
at 190 C and ayl@a%szers Extrusion Rheoneter (GER) at extrusi GirRisSH§2966ES
from 1,000 psi to 5,000 psi (6.89 to 34.5 MPa), which corresponds to

shear stress f roominGat ma_slrpio-to.-zmcmh ismmg:_ra mi_nutes.@.ndhsat upatdP&mineto 20: 1
L/D die at 190 ﬁgéﬁ?ﬁdef"éé"coﬂﬁé‘ét“. dhe r%lﬂﬁ%%ﬁs Fagén R6m the "sebHal OF Med
dat e t In

from 140 to 190 C as required to acco hdex variations.
An appar ent shdweat’$eatdfiow vsclemperatysp aurnvert Tatakheet effusionyefdhe palymerds t o

i dentify tARuiERd ot e bidafineBaRe eeRe and quantify the critical shear
rate and critical shear stress of et hgl ene olgrrers. According to
Ramanurt hy iSn the J&QF PRIYMeIE hayiag: density of 0. 7%9’(’2;’,0’ 1079/0g; the singlemeliBgyve a

certain criticleak ay shéw,deptrtfngdhSetjuipasbnE¥drisiivi, 8 "stbuldef 688 Huip! bh B MY
be broadly classified int q\gpes: surface nelt fracture and

d into two main t el t
gross nelt fradewmelting side that constitutes fegs{pan 14.pereant.dypically. Iegsihan 9 pergent,

apparent |y st easid dretypieaydeds tR&r56 pérdent of the'tataDiRsat bifusien af the psipiker. 0ss of
specular filmgloss to.the nore seyer "sharkskin." Herein, as

¢ f orm of

determined usi fyeh AR SEHERS 5. Ap8ervshia oF otheRhomegengnsiy breiched Polymers.aueh a8 |
fract gr e ( GlfﬁNF)Exjaatﬂd fsin@ @fld &Sdiiobﬁlehﬁﬁﬁhelﬁas@ﬁffmmﬁ aftissingld h?uihE:aawf
extrudate gloss_is the point at ch the surface roughngss of the
extrudate can OfMXM monok ah‘éﬁé%‘\ﬁlﬁh‘we' NG 5R° gﬁﬁeﬁ“@g‘g %ch &t ti cal
shear rate at tdeeursndthin 341C, typichthorithin 27 Charid mbredygically within 20IC0ofShd=Ps i s at
| east 50 percent greater.than the critical shear . t. the et of
surface nelt fr"&%@l?r@'rgf’f %e ﬂ"ﬂltgérl’e“gprf{f?g'ra]thepa‘?@%@ghﬁ\?ft'ﬁ%’%@%@rﬁni iﬁ%gé 20
t he same |[ err Jcanbd sbparately/deteemingd by specific integration@f its assuelated area tndee th@ccur s
at unst eady, seXthrthSﬁoW\:sf {eﬂﬁe@%gicbrjvgns and ranges in detail from

Niriiaes s

regul ar (altTernating rou snooth, helical, etc.) to random

di stortions. For corfiveStERS areanelyzediy gel penmeationchromatogiaphy €3RCiromesnc e
properties of fdq ﬂ!. é?&ﬁreaéﬁqolﬁﬁbﬂ"a ; : f .shoul d be
mniml, if notwgl !ssefr?to.resﬂ?gq%é critrcal s egﬁég't“?éeqslﬁs@%? @ﬁgﬁ%@?l of gross
melt fracture frefractorectg arddhree splumng, pf mixed porogityo Je calumng are supplisdBY gr eat er

than 0.910 g/c ' ' | ' : A 4 o5 r]
%o?ﬁ%@&@h@@scérﬁfaﬁéc‘ gx‘l:rﬁ@ﬁhl? pﬂéléafvﬁthtdol%aéizes of 104 1%, 14

dynes/cnferr] (0. ] | ear rate at the onset of surface
mel t {30 ct19F-e ThecksMeNt ie | . 4-Hehigiobenzene, feany which i3 Persent PYWRIGNIOGVF) wi | |
be used herei n golutiond st #fsahipldstfe plopa@atordhjedtiohl TRE fIEW S REISE mPMh, unit
configurations of the extrudates e L

operating temperature is 140 C, and the injection size is 100 microliters.

The molecular weight determination with respect to the polymer backbone is
deduced by using narrow molecular weight distribution polystyrene standards (from
25  Polymer Laboratories) in conjunction with their elution volumes. The equivalent
polyethylene molecular weights are determined by using appropriate Mark-Houwink
coefficients for polyethylene and polystyrene (as described by Williams and Ward in

Journal of Polymer Science, Polymer Letters, Vol. 6, p. 621, 1868) to derive the

equation Mpgiyethylene = 8 ° (Mpolystyrene)b-
30 In this equation, a=0.4316and b = 1.0.. Weight average molecular weight,
M,,,. is calculated in the usual manner according to the formula
M, = Z(w; x M,,)
where w, and M, are the weight fraction and molecular weight, respectively, of the ith

fraction eluting from the GPC column.
«16-



30 extruded by a GER The SLEPs used in the invention are

al so characterized by a single DSC nmelting peak. The single nelting
peak is deternmined using a differential scanning cal ori neter

standardi zed with i ndi um and dei oni zed water. The nethod invol ves 3-7

ng sanple sizes, a "first heat"” to about 180 C which is held for 4 m nutes,

a cool wo 9732982 97/ 32922 PCT/US97N2996
PCT/ US97/ 02996 down at 10 Cnin. to -30 Cwhich is held for 3 mnutes,

and heat up at 10 C riihe.depsity of the lindat®r (efsubstantially ineanetliylpre:polymamsdassi ngl e
melting peak is &né’é%‘fzﬂed‘ ih QE&&&% . &@?RQ?‘M D:762) #819RE i hE BlesbhtiiVvention is
. ot a eat 8? u f

tenperature curve sion o he polymer 1s cal cul at ed
fromthe area unsimerslijiessthan 0.95 giem3. The dehsity ipplefarabhsaticast 0B5g/chehand y  of

0.875 g/cc to 0.910 _gllcc t he singLe nel teiégkg %e]&k ga&/‘ show, dependi ng
on equi pment serfSPeFidlya) leagt 0:88g/cmd and prefesably,up{o-0.94,0/cm3, Mmore pretgiRblyupe g
side that consti e ' ; ercent,
and nore typrscs:alé'?/'éseg's' ﬁgh%é@%%&ﬁ?&r{eﬁéwg%t’oﬁeexet‘{ugiéﬁ abggﬂgﬁorgf t he
pol yner. Sumbldiag, the tersity of ths poljrper is ateferalily at least 6,856 giamjemersus| y

branched pol yner - 5 &RE r i | ISERY he
basi s of !to heysl ﬁ%@#&ﬂ}%ﬁigﬁ nel'tgg‘ﬁgvgae‘gﬁé pﬂa?e@\ﬁ/\gra g?ﬁ% r'mnoq; %ﬁi’ ggﬁ y
t hr ough the nel tprafgrabiy-900 giem, morepref 0.885 g/em’ and evers mone preferablyspide s

within 34 C, typd Wi Fra i i WY thedoduieloft N
mel ting point 01?6 'tsﬁe.él)s'{?‘ﬁgf% '?T.ESI?F riené-r égﬁé@i}ﬁg&ﬁ@@ﬁ%ﬂyﬁ%&& tri Lﬁ_tog.m e
to an artifath elasticityor fleubility dgsiceddn {))‘emlﬁﬁdrﬁm The density remaing suhstantiallyon of

| ts associ ated agngiahi Wifihg HaBlogy molifiddtioh aEilrdifg toltREWRERIIM © Cur ve.
The SLEPs are anal yzed by gel perneation chronat ography (GPC) on a

Waters 150 C high tenperature chromat ographic unit equipped with

differential _refmt‘eftr@l&bgblyu%eé WHidrEfiaytle theBigimodifiesccBRintblthis The
colums are supplied b

0 r Laboratories and are co n acked
with pore sizes BYeMigy é’FYP?aﬁbf’@ﬁxm%ffeﬁt? e“&lﬂﬁdfbgaitd{"&ﬁ'ﬁ"%t‘é‘}‘(@ Pvent
is 1,2, 4-tri ghl ox-aenyare teprédeated\y itvd YofbwingdRrfAqat by wei ght sol utions
of the sanples are prepared for injection. The flowrate is 1.0 m/mn,
uni t operating tenperature is GO €HRand the i njection size is 100

mcroliters. in which R is a hjBRcafBl194ditdl R\§ehrBlly R ifRMBrieatbitwéntyvcarBon espect
to the polynmer backboge Iiet g’educed by usin naré‘gw nol eﬁul ar I ght
di stribution pol3en§: etitable aroleling "(‘???ﬁﬁ% _ "°F’8Tsaﬁﬁrs° b 98¢ BPRSEIr S|UY

conj unction wi t hpdlymerizatidn'process wdoribirfations therébilihohadecipropylene, 1istten@) by | ene

T o e oS SR | s e B s Erdis B g v
Vard in J omelnesl ot nidmbmertypéicsueh ae tetidfilioroathylére, viaylbenztdyclobutane, 621,
1968) to derive atnrcliecycloalkenes. for example cyclopentene, cyclohexene, cyclooctene, and
norbornene (NB). Preferably, the a-olefin wili be 1-butene, 1-pentene, 4-methyl-1-
pentene, 1-hexene, 1-heptene, 1-octene, or NB, or mixtures thereof. More
25 preferably, the a-olefin will be 1-hexene, 1-heptene, 1-octene, or mixtures thereof.
Most preferably, the a-olefin wilt be 1-octene. The ethylene polymer rheology
modified according to this invention is preferably a SLEP.
These interpolymers preferably contain at least 2 wt percent, more preferably
at least 5 wt percent, a-olefin.
30
3. Rheology Modification
The rheology of the above ethylene polymers is modified according to this
invention by treating the ethylene polymer with a crosslinking agent in an amount

sufficient to increase the molecular weight distribution and/or the melt flow ratio, but
-17-



equation Mool yethylene = a . (Merr]. 30 In this equation, a =

0.4316 and b = 1.0. Wi ght average nol ecul ar wei ght, Merr], is
calculated in the usual manner according to the formula

[ert] where werr] and Merr] are the weight fraction and nol ecul ar
wei ght, respectively, of the i[err] fraction eluting fromthe GPC
col um. WO 97/32922 -16-

97/ 32922 pcTsyifshe

PCT/ US97/ 02996 less than the amounitwbict woslidicaussf motedhari 0.6 aut petceﬂttgel fohatioant i al | y

| i near ethyl ene I - r | .t h ASTN D- 792)
for use in the p‘)ﬁr? ggsréﬁ ?%é\?gﬂ?q %or? dft'gﬁ € n?eggfrl{gcri gﬁﬁg"rﬁ@@ gﬁ%ﬁoc&dggw.
g/cnferr]. The &&sslinkipgiagepts énchida pespxide compeunds agé othec kjoswrr Heakactivated
especially at |g 4 gl rr],
nore preferably gfg{gta%e_&g' gjgﬁg%j?é%orﬁierp?g'%m%%% ne%%??‘g%"}ags?%ﬁ'ﬁe to
be used for é&xt KeRynuiadighien urg exstems, If the crosglinking @gentliea beatsictivated t he

pol ymer is pref gisbdnie 3br dx@ / j i t

| east 0.865 g/cnferr] _arnd g\?&ﬂ%ﬁd&? gdg{etﬁ%'{otlll?aggﬁtﬁseggtu d%%%&é%@rﬁeﬁr],
up to pr ef '&'BFSA‘@!‘QU@“QI@R'EW]  heygrieusniressfinking 30eots3@p bg/used along , and

even nore pref eppilcgmbination wi - Oyl orrasi £od . density
is determ ned pri m:fl:r Iinnl %:rggﬁyvggemﬁggﬁﬁgrs%f 10 rrtﬁn%ugﬂlﬁ%riﬁ?éé g'tg&?%%)((llg%lg‘el ty

desired in the MSMifEgn ng 3iRRg Withanather ceosslinking saent; tenexammig an

const ant  dunb ngepdk§Odiedion Beskn] ét6.2to fafher CFIRBIRK Nk tAyIbrid SolyrharSifkl ON-
The et hyl ene po&émers whi ch y be E‘Peol o% nodi ftﬁ(’ad a%%%rdi ng+to this

i nvention may b&CHRSOMRGIR soake Aresstipked fsticlg\paving greater tham 8.5mto| ef i n.
Suitable 15 [ percgntgbiaipto3oawepéregritgaent ed by the fol l owing fornul a:

one 1o tventy car borSutabis heptadhvaled Kiosglnbing dgents opide fee reicaliotatmts. |
conmononers in apmeteralily arganigperofitiess Moty preterdbly/those witHone/ gk halpkive8at Pr ocess

* pontene. 15 noisrikgtaiiies bibfiof fbn 120l Fhe 08 el LR oo e gprend Tam 4 "
wel | as other mnmatietyf kogwrefseesradicaldnitiaters saéh asperetides! (fonexanipleyWVULCUP™ (a
benzocycl obut angggag of vul&'ﬂ&gﬁéﬁh %&gmon-ggéntse é(o%@g?njliﬁg g}é?—ki%&%ﬂ%y?p%?dxy)—

cycl ohexene, cyclooctene,
diisopropylbenzene made by Hercules, Inc.), Di-cup™ (a series of vulcanizing and

polymerization agents containing dicumyi peroxide made by Hercules, Inc.),

20  Lupersol™ 130 (2,5-dimethyl-2,5-di(t-butylperoxy)hexyne-3), Lupersol™ 575 (t-amyl
peroxy-2-ethylhexonate) (all Lupersol™ peroxides were made by Elf Atochem, North
America) or Trigonox™ (an organic peroxide made by Noury Chemical Company))
or radiation treatment {y, § or o, including electron beam irradiation).

In one embodiment, a heat-activated compound, such as a peroxide-

25  containing compound, may be used as the crosslinking agent. The heat-activated
compound is preferably present with the polymer prior to modification in an amount of
at least 0.10 equivalents (eq)/1000 carbon atoms, more preferably at least 0.30
€q/1000 carbon atoms, and even more preferably at least 0.50 eq/1000 carbon
atoms and preferably up to 1.50 eq/1000 carbon atoms or more, and for some

30  applications more preferably up to 1.00 eq/1000 carbon atoms, wherein "eq” refers to
the equivalents of the free radical generating component of the crosslinking agent,
such as equivalents of peroxide when the crosslinking agent is a peroxide-containing
compound. The crosslinking agent concentration required to modify a particular

polymer depends on the susceptibility of the polymer to crosslinking and is influenced
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nor bornene (NB). Preferably, the [err]-olefin will be 1-butene, 1-pentene,
4- met hyl - 1- pent ene, 1-hexene, 1l-heptene, 1l-octene, or NB, or m xtures
thereof: More 25 preferably, the [err]-olefin will be 1-hexene, 1-heptene,
1-octene, or mxtures thereof. Most preferably, the [err]-olefin wll
be 1-octene. The ethyl ene pol ynmer rheol ogy nodi fied according to this
i nvention i s prebawaishy a SLEP. These i nt er pol ynmecrasenéesabl vy
contain at least 2 w percent, nore preferably at least 5 w percent,
[err]-ol efin. 30 by factors guch as iRiperieptgge NibYiunsaturatieand the amount of chaihe

rheol ogy of the gphRin té&)ﬁéﬁﬂ@sﬂ&‘l%ﬁrahﬁmﬁ?d'f'Ed according to this

i nvention by treating | ene polymer Wwth a crosslinking agent in an
anount suffi ci erfhefosmpia @@s%cqmmumwﬁrymmw mgthod, ingludingdry

agg/ or the nelt fﬂlé?lﬂingaﬁé ﬁdwnmﬁl components and subsequently melt mixing or melt processing,
PCT/ US97/ 02996 smaymsé*s%hqaﬁaﬁwmé crasplining paentiontacioli¢ pelymerreligtsand han 0. 5

wt percent gel fQubSiguitly melt BEREN pRbés § piedtielt MdHgtih 38pardte
nmeasured via ASTM l%%?65 lyPr oc"e“gﬂge bR spl(b,‘r ossF gi

A i nkin ents |nclude

per oxi de conpoundeVigs forRxample, & Bappussmixer aHapke gyixer, a B g&“tﬂgef Iderad) sxes, orsuch
asdaz? conmpounds a fma edrﬁzbrm W@)ft@aﬁﬂfﬁebmﬁotﬁﬂﬁ\gﬁdh@hMufscr&?%{ie g
radi ati on cure systens cro [ n s .a heat-activate
Gabstance, Tor crRurmade) ZBRhoiatedy Nompi i Hifteres 8 peiries: St wi « 1
t he et hyl ene 10 extruddry:aﬁiguduunsrmm lisef sacteassthose disdissed &1 USJPatehpss! i nki ng
agents can be us;d%ggﬁa I n conbination with one anot her. Excess

y be avalla

or residual pero bl e for initiating crosslinking
al ong wi t h anot her cr Obe polyrhenmayajsobe tréated wmenapiaﬁomas the crosslinging agerst! ect r on

?‘EZ?‘mfé‘fm @ﬂé“ﬁ;ﬁ%ﬁ*’;{iﬁ%@i jfﬁfﬁ%ﬁ *iﬁj&g@%‘&i&t&g& M3 0.5
per cent pleferanyy atden y up to rad. Simifnitd thielcese
heat activat ed Cruﬁtﬁ%bh% e&&%&:ﬁmﬁﬁé g{a%‘%@%e%h&é‘d tb H-lohiﬁﬁ-é Bénﬁﬁul?r

preferably organic peroxi nor e se W th one
lives at 15 tempelymendenends erathersusmttbﬂmf ttlr,= paiymertto srossiinkingand isinflueated s

can be sel ected il B shme factorédl i ety of- knovvn free radical initiators such
as peroxides (for exan&) VULCUP[ err ] series of vulcanizing and
pol yneri zation agentsT iradia Pﬁﬂ*@"ﬁmﬂl‘&ﬂﬁ Q(etferQQIY geisetedt0,gvoid unwanted side

di i sopropyl benzerfedt® drhdiradigtion intesity is) for bxarhble, réveRiblyl adfdteddb bdsid Of
vul cani zi ng and ents containjng dicunyl peroxi de made

J nerization a
by Hercules, 2nc s,nbs@'gia I{qg apet gqurr robgeause that might cause the polymer to react
(2, 5-di met hyl - 2, Withiokygehus wbmraauisbavemth%)ponyh\eaﬁmai ih@dirh koliid 2akge- any |

polymer degradation, résulting in reduction of long-term stability and/or an increased
potential to form gels, unless additional measures are taken to prevent contact with
oxygen. Excessive heating would also risk fusing discrete polymer particles or pellets
25  together, making it inconvenient to use with conventional melt processing equipment.
These side effects may be avoided by adjusting the radiation dosage rate and/or
conducting the process in an inert atmosphere. Adjusting the radiation dosage rate
i_s. from a practical standpoint, preferable. The radiation dosage rate is preferably
less than 20 Mrad/s, more preferably less than 10 Mrad/s, and even more preferably
30 less than 7 Mrads/s.

The crosslinking agent treatment may be carried out online. Onfine
crosslinking agent treatment is carried out on the polymer as the polymer is
produced, preferably immediately after polymerization and devolatilization and prior
to first solidification of the polymer (typically by pelletization). When the crosslinking
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perc;xy- 2- et hyl hexonate) (all Lupersol[err] peroxides were nade by Elf

At ochem North Anerica) or Trigonox[err] (ap organic peroxide nmade by
Noury Chem cal Conpany)) or radiation treatnment ([err], [err] or
[err], including electron beamirradiation). In one

enbodi nent, a heat-activated conmpound, such as a peroxide- 25 containing
conpound, may 91,!@%?2 as the crosslinking agent. The heat-actﬂfcﬁ' jsS o
conmpound i s prgﬁera y present with the polymer prior to nodi icat|or9196| n an
arm]tcmt g}‘ lagéntliwlséat&cﬂxﬁtw }mbahmtm dopspoliid My beabaﬁmd vAthodTSolvei b
preferably at |least 0.30 . eq/. 1000 rbon atong, and.even nore
preferably at Péésﬁf’"iﬁ"gﬁteéﬁ? f&é@'@g&b&m‘&e reagtpf)gtgyrgwabq@rg;eéﬁﬁ, up to
1.50 eqg/ 1000 captrateddn serizs of inparatiel, suvh ds@esaribed irSD.S. Bpehl 3,914, 12smapbe
preferably up . /10 380 t %r L0, eq. fers.to . t he
equi val ents of Lg %%10%831@%; ]aadggoﬁg% ?@Pgt‘ﬁ%ﬁ&‘eé 8%%%""@? totth#g "'&"Pﬁgqﬁ Wiffki ng
agent , 5 s uohe esmengadditibral pelymérsp Jhe additionshpolyrhérs maydesheokdgymodifigeht i s
a peroxi de-contgaj ni r h ki . t i on
Fequi red to mod Pihedied, Tey i B Bblecedd fio'ah 3t ol boiieRsRbanctal ¢l |
of the pol yner sewe as stastingmiateripiscforrheglogysibdification according to this invelichor 32922

PCT/ US97/ 02996 . i i ti
b Che. anoun: tey may diotid pofirgrshdotameiirdadtdoGs PAiicrs Khch s BRI | 7
The fornul at i onelveihdensé-DBEH diaenrigw danpity polvatimiene: ebtLDPEL lhighi degsity y
bl endi ng thg i Reyihé Haymsermﬁpe 1afid Polfmers PSR Chpblyidrizedvith Pshiode Nel t

processing, 5 _spraying the heat-activated crossl’inking agent onto solid
pol yner pel | et funglienal groups. syhsequent|y nelt mxing or melt processing or by

pre-melt mxing in RhéQEH Mddiication mayf@¥d BEcdrfied o6l Offife RRDMEANORT XEr, a
Haake m xer, a Brabender internal mXxer, single screw or twin '

or a
screw ext r uder MayE8eABIeA LRy iaating an waipedified Rolymer with grosslinking agent aitar i s
nmodel ZSK- 53 nmagdebdanh sofdifie (typieeiyHs sz'uéie lbE graniiies)D VPR thé erosdliniking hiét isl O

oot OU"T Bl Sl oo e estat e S P s SHr, et o
the crosslinki agold)edihe radiating eférgy andu @bnditions Which\allow €t contrarotihg mmobat
BT D LB Abog8 e hodmPinap o roffiehEd Aok Slwiis™ 2 ©
heat - act i vat ed compasidiasidesgibed ebdve, it Isteitherceimpedwithior ceated on thecholyynex
B oss! | nki ng aRAREoTdiFTuEERaReh AOnbiife RS B iy drolhet EclBd BFE 12,
i rradi at i or2ocoisiadded testhe pelyper direclp by praférabiyt isdhe formeoba doncenitateod si de
:{/‘;iegt s. The | iRtk BuingirdlSirbdesbifi s astHRAUDH Gre Hthd STy adifilig!st €d to
components to the melt often provided on melt processing equipment.
The present invention also encompasses intermediates for making rheology
modified polymers according to this invention. Such intermediates include the
25 radiation or heat-activated compound crosslinked pellets and granules described
above which may be melt processed into the finished article alone or in combination
with the other polymers described above and they may aiso be pellets that have been
sprayed, coated in some other way, or admixed with a heat-activated crosslinking
agent, such as a peroxide compound or azo compound. The heat-activated
30 compound may be applied neat, with an adjuvant or with a substance that retards the
reactivity of the heat-activated compound at temperatures below the intended melt
processing temperature. The pellets or granules treated with the heat-activated
compound may be further treated to seal the heat-activated compound onto the

surface of the pellets or granules, if necessary.
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20 substantial heating of the polynmer, because that m ght- cause the

pol yner to react with oxygen in the air and dissolved in the polyner,
which in turn could cause pol ymer degradation, resulting in reduction
of long-termstability and/or an increased potential to formgels,

unl ess addi ti onal neasures are taken to prevent contact with oxygen.:

Excessive heatiywgowsishsl al so risk fusing discrete pol ymer partpcq')usg-;mg%
pellets 25 together, making it inconvenient to use wth conventional nelt

processi ng equi prent Rheology mpdificatian may be carsed outaising Polymsr thaticamjaingdjtieser ng

the radiation dopAgeordahfanfbldsM. This may:w&aféhwm dases arvﬂmﬁe b&yrﬂ@rv)\nﬂert
at mosphere. Adj usti ng the radi ati on dosage practi cal

st andpoi nt, pr ef4sFgigP &urthenprogesging in UW“'B@E &@fé‘“fa&?'\ée" |°5‘3tBY"EP§ mgoqo;ymer withjitg 5 5

than 20 M ad/'s, dmaadmveﬁﬁaka@ vhitiemclulidsdhe d? nMr@dvitﬁ:xndamd TNiS thaly Ok Some
preferably 30 s th I nki ng agent

sl
treatment may o dfstanchE 2o fe,Prefitier Jiom % Fast Ad Polymer,ciog SERdRAT g
treat.ment is carantiexidamts mayretadsmmmhe/mssmang iyénn @hmgap sore of the afficGiaRed,

o 11t Yol o PHHBMecdn Pstedt 1B Bplor adeinet GHYAIR ) b tostina sobaf) . nen
PCT/ U071 02006 T 395 “"97’32922 g nd may be
added with a sol vent %g&ﬂ&yﬂqé gtrgﬁgéw@gh{pﬁ%@gq EEPW;{E? EV‘B'é? n%gqul pl ey

react or pol ywer icause modifinatioceefdsshear visansity, sel@ditiomtirne and/er roelt strergﬁf:if lthee! |

such as describ g)glyhﬂr i a%corggﬁ With e’ %dft)iggs i8S above ﬁ@@%héast (ﬁ%@llﬂb ne or |

r heol ogy nodi fi e according to |s rnven
nmor e additional pol yinatm? emﬂwlmﬁdlthﬂue mndfcqumshmylsmlty resoltoig\a logdi f i ed

or unnodi fied. TReYs | et ed. m 0 ed
above t hat serv gqg}aggtﬁg'ﬁha%?'f@@?'gﬁ O'ng ogy%o% €I ca{J h@
accordi ng to t hiRseferablynthie sredified polymer iasya Zrequabte 0532 enorg piefarahiy 0.84.ohorei ng

het er ogeneous PQefambI sggcghoaé,e pol yet hyl ene (LDPE), |i near
| ow density pol %%fhyl ne polymners LEHI% S’y?n gh density 10 ethyl ene

pol yners (HDPE), and!p¥ioheeembegimentethe sheologpmragified ipelyarerhas 2 lpa m tags
functional gr oupsaxation tlme) at Iog rg,-BfHﬁQi |9@ér67ﬂ{é'aif ViSRS 1%%3[)5!%955 Er i ed

out offine. O fline nodif carri ed out treatl
unnodi fi ed pol y@élessthan °6?%@bﬂ°l5rﬂ§°ngem lesgr than of equal to 5.909sansbmeare

solidified (typ'pfe?érhuly?e%sﬂﬁHO?E&uéPfo Qéﬁ‘%@ﬁ?a N%‘WAI& o, 7, Bﬁﬁﬁbt@k{hﬁﬂoﬁgem

is 15 radiating ener8¥ E’ t reat é exposi ng t
pol yner, pré&Per &swf% 0, pref%ra urqaters'wntqﬁeqtvai&n b%fhgn n@regaretmanbr
condi ti ons whi Clgrettdr@vin leqalts 1.090.0f t he amount of energy absorbed by

the polyner. When the crosslinking agent is a heat-activated
In yet another embodiment, the rheology-madified polymer has a melt

strength improvement constant, K, of 0.50 cN, preferably 1.00 ¢N, more preferably
2.00 ¢N, even more preferably 3.00 cN, and even more preferably 4.00 cN. When

25  the modified resins are to be used for extrusion and injection molding, the melt
strength is preferably at least 0.2 cN, more preferably at least 0.5 cN, and even
more preferably at least 1.0 cN, up to preferably 50 cN, more preferably up to 30 cN,
and even more preferably up to 20 cN at 150 C.

in a preferred embodiment of this invention, the rheclogy-modified polymer

30 satisfies at least two of equations (1), (Il) and (lll). In a more preferred embodiment of
this invention, the rheology-modified polymer satisfies all three of equations (1), (Il) an
().
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conpound as descri bed above, it is either adm xed with or coated on the
pol ymer pellets or granules and then the polyner pellets or granules
are nelt processed or it 20 is added to the polyner, directly or
preferably in the formof a concentrate or mast er bat ch, during nelt
processi ng such as through one of the ports for adding conponents to

the melt oft enwproggieged on nelt processing equi pment. . PCT/USY Y996
present invention al so enconpasses internedi ates for naking rheol ogy

mr)]dl f2 .5 ed pgl yner s actmomeiemgadimeﬁthhg p}d&dsﬁﬁflﬂﬂﬂmvﬁmbr mdaifies mfblowneéi sugwl ude
t he radi at i ted co Cross ellets. an
granul es descr Itﬁ%&%mogﬁ%aégﬁées\%ﬁﬁ 'Eﬁ"m ﬂrér meﬁ’ﬂ%égéﬂgﬂ?{%pﬁefﬁam{ ni shed
article al one dr8,iandagmalueaf DAO, preferabiy 0.01 afemotepreferably)/01805s descri bed

b dth I d
2ome ot her vay, o Thaouné: effoufieh ot ordfueS of B oveption e B elaxetolige
such as a pér oxXlodao)isinpreased Wratm&bmmpléfeﬁmpbwaﬂwaomum @hd&ﬁbre

d b . ] <adj t th ta t hat

etards the  PrtBbiyE offdins g 8 o POl IO errablynh oA a3 R BET Bofeic ur s
bel ow t he i nt erpteferahlyiup to 4.0 unjls anxkinsome caan:eyeamnrepreﬁnablpagb {oc3.6 units.
granul es treat od W iaddhfer BBLAAEH M fvenson, FERRALASCARY el 1 Ner

treated to seal the heat ac mpoun
pel l ets or gr arimpigyes melt mmm;e polymer by 0.5 cN, preferably by 2.0 cN and more
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PCT/ US97/ 02996 Rheol ogy nodification nay be carried out using
pol ymer that cont ai Hs2 piefamed egbodiment ofi{bis invenfionathe proceswsatigligsithe Thi s may be
preferred in c t
processing in \;\%Bﬁgtﬁdntgrfsmrf?r?uf ac‘t"ﬁt}‘r?’g)r(wgu(v},\éﬂd O (lmsﬂ%aﬁn@? BW)%B (in-
own additive pdRRaAEe prefesiediembodiment of this mvemmnethachgas satisfies allpfi s nay in
somre 5 |nstary§e§,oaggv){aqvm eferred froma cost and pol ymer col or

I oxi dant s maxtl react with the crosslinking

st andpoi nt, S|nce
agent, using up so rr@‘ ¥t af"i'?ﬂe"aﬁ'??maﬂﬂ‘éﬂftm‘s invention, the Rtk stiepath o thepolymes
pol ymer agai nstis ingresstd 1y P0PREceRy ﬁiﬁr&tﬁéfé‘rﬁﬁlmmﬁerﬁéﬂt @h8 @ven more grafBfaBRER! S-

The pol yner is treatted with crosslinking agent in the amount required to 10
cause nodifi catPBfi™f the shear vi scosity, relaxation time and/or nelt

strength of the Meit strénotiels determined byl aivasuringitie mBgimuatendile ®stce 6paci fi ed
above in equati t he

) .t V| . ' | ‘enbodi
nodi fi cation oltng) t{ﬁ%gﬁlg&lggfof ipé:!yb'galr mpit sxtcided from,a gaﬂ(')'%g' '?'e°'(')‘etle€$'§(?t)§| ty ratio
(that is, (loog cpestar]t shedraate [o€33 $¢d* oheh ¢hat filameht iabeing asétchedd afit hat is, Z =

gr 30). J 05 f B BRnor oAl BILibhiRG of B MAEveldBily & Forki8 1 2 pohr Frip™ ™" ©

rollers Iocated 10 cm below the the capillary die, the tensile force being measured at
the nip rollers. '
The molten filament for the above test is preferably generated by heating 10
25  grams of the polymer packed in the barrel of an Instron capillary rheometer having a
capillary die with a 0.21 cm diameter, 4.19 cm length (L/D = 19.95) to a temperature
sufficient to melt the polymer and obtain a melt strength value in the range from 1 to
15 cN (determined through the technique described below), equilibrating the polymer
at that temperature for § minutes, and then extruding the polymer from the rheometer
30  using a piston speed of 2.54 emlfnin. The tensile force is preferably measured using
a Goettfert Rheotens located so that the nip of its nip rollers are 10 cm directly below
the point at which the filament exits the capillary die. The nip rollers uniaxially stretch
the molten polymer filament at the speed and acceleration specified above, while the
tensile force on the spintine of the nip rollers is simultaneously and continuously
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15 preferably 0.38, and even nore preferably 0.40. In

anot her enbodi nent, the rheol ogy-nodified polynmer has a log [err] (I|og

rel axation tine) at log [err] =0 (that is, zero shear viscosity of 1 poise
(0..1 kPa.sec), b, of less than or equal to 5.950, preferably |ess
than or equal to 5.900, and nore preferably | ess than or equal to
5.800, and/or woemssebog [err]/l og [err] m of greater than woTAE97/03960 2l

to 1.070, preferabl eater than or equ 0 eferably
greater than Hreaé‘d'ﬁél %%%Ts'%g 8 Valies are 5 m"e?‘ﬁdfétswgﬂ8€ fgﬁlgtéa, nent ,

r heol ogy- nodi iveigtit gfdhe extrudatehaagingfrém the nip edlelsngt h i npr ovenent constant K,
of 0.50 cN, preferapl re r 0 even nore
preferably 3.00 cl\,ﬁgg%&&%"\?er?%gn!{)er{eﬁgﬁ?'g&rgﬁ&&wwmﬁ'gﬁ% S%W the nodified
resi ns are torieemetards ddjusterido adtemperataredwhict) generates arplellistrgngth Waluerinl the
strength ig p I Ts

and even 3 Fﬁﬁgr@mp?/% ébgfi\fé Tﬁ%tg*“ %ﬁhﬁﬁ%%&@ prg#'eragsﬁe&é

nor e. preferablayanqhqrepaifednemperature( threughitie equatieter ably up to 20 cN at
150 C. o In a preferred embodi ment of this invention, the

rheol ogy-nodi fied pol yner 30 satisfies at Ieast two of equations (1), (I1I)
and (I1l). In a nore preferred[enbodi E H this invention, the

rheol ogy- nodi fied pol yngps® sakpiah bsS alle f equatlons (r, (II) an
(1.

97/ 32922

PCT/ US97/ 02996 t he proce of this

i nventi on modMhichds ‘?"ﬁ@dBBFWL WHA"Hb enius %%a{"°'l‘rr€efﬁ'ﬁaf?r'€iﬁfsﬁh? esults in
an f( val ?Ggoza&uﬂ,an]cﬁlﬁbﬁtahbéfaﬂm-re%ogﬂﬁﬂﬁmrbélﬂéemaldeybytt%e&apﬂa& and a |
val ue o . er an e. er : , n

gnOt her enbodﬁ??@ﬁ}e?&m??ﬁfxﬁ?o@e%?rﬁsr@ﬁ’"sB{sﬁj\mﬁ ﬁape[tﬁg aFIgal ?"é’l axation

time 5 (| ogpedicted melt strengtha ofitie pylymer atdersperstutesuliy and T, respectively; £,y at

| :
nigner . pr ef o BRI RERaton enerdl difH @R qe¥colrint Toh? oligingle i o '

units and i n Foesctivatiorsenewgyris fh120 galaries faxlahy ofthe homageiheous puiymers used

I n anot her np'qﬁismm F&%&er%&wﬁgdm%ggn process of this invention

| mproves rrel ren ‘cN, preferably by 2.0 cN and
nor e When the melt strength at 150 C (MS‘*""") is desired, such as for equations

(1) and (V1) above, then T, is 423.15 °K.
The temperature T, can vary over a wide range, but is generally in the range
from 353 °K to 513 °K (80 C to 240 C).
25 When the initial measured MS™ falls outside the 1 to 15 cN range, the _
following equation may be used to adjust the polymer melt temperature to obtain a
measurement within the 1 to 15 ¢N range:

)

T, = 1HR/E,)(In MS™ - In MS™) + 1/T,])
30
More than one iteration of melt strength measurement and polymer melit temperature
adjustment may be needed to arrive at a temperature T, in which MS™ falls in the 1
o 15 ¢N range due to the potential for error when operating the specified equipment
outside this range. One skilled in this art is generally familiar with this measurement
35 and knows how to make the appropriate adjustments to obtain reliable meit strength
~ measurements. |
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10 preferably by 4.0 cN. In a preferred enbodi nent of this
l.nvention, the process satisfies the condi tions defined by equations
(rv)y, (v) and (M); (IV), (V) and (M1); or (VI) and (VIl). In a nore
preferred enbodi nent of this invention, the process satisfies all of
equations (1V) to (VIl). 15 In yet another enbodi nent of this

i nvention, theudw trength of the pol ymer I S 1 ncreaspér/oNerfess
percent, nore pre erably 40 percent and even nore preferably 60

per cent . The preferred theology-modifiedipelwners meatielagcording ta thisgnwdmiiomaxi mum

tensile force Q8 Aave an zmpm%ﬁ QRI fTﬂﬂﬂﬁWﬂ@se%?%Vsﬁ?ﬁre?@é@y glxlgféiq‘if from a

capillary rheoneter die a const ant shea secl[err

that filanment P@Sb@Pwrgfﬁfaélvaﬂ LeeS%ﬁ 0 upjts and even mors rreferablyatdgash 120 umts
cms[err], starhd pa) &tth@?o yméﬁméduogyﬂhmiédkceémégmhfs inV&htiéh .e%br gba Ni P

rollers Iocat ed 10 cm bel ow t he capi | rly he tensi | orce being
measured at> overthahgf "H? Botyrer E!'Pém ’h°°'°9Y '“°d °a“°'T hépfﬁmwtﬂﬁséﬁérﬂﬂlfﬁor t he

above test is porfmerektibly byl Rast20lukms, &ﬁﬁéﬂeﬂ%&r@p?e'?eraﬂ?ﬁﬂt 184stigtPuria! yer

packed in the barratr of .an _Instron capjl rheonmet er havin

capi | lary die with gegndscyianweight distipution ﬁ&dﬁ?‘?'@q&wmﬂsﬂ?ﬁ%ﬂ@ 48) to a
t enperature preferably‘ les<ih@in B.5) Moreirbfetdbly 1653 thares.32 MHe fidlediilar ﬂelﬁ'ﬁtl t strength
e

value in the r term ned through t t echni que
descri bed bel &%ﬂg‘gﬁﬂlﬂhﬁﬂ‘&ﬂ'ﬁ?& PPW@ebﬁlpﬁé'?gly greater i a”c‘ﬂ%‘t""ﬁ'@rﬂ%’tﬂ"@' for 5
m nut es, amél t foemodificatiardbya :éds?mrwmlrmdrfé préférably bhenfeaéteglpaﬂaenu%hﬂgda

pi ston spee ile force is preferably nmeasured using
a CGoettfert Rhéevgﬁé'ﬁ%e&%%@& Sﬁ?ﬁiga{’ﬁfge?ﬁp of its nip rollers are 10 cm

directly bel ow Preferably, therthealdgywhodified dotynfer haste M, geesitérshdrigbouspi | | ary

die. The nip r%bﬁg m Me Fyzefgﬁ%ﬁﬁa'ggbo\yya&ﬁq Irr([a)l Eﬁg pol ymer fi !_arrent

at the speed and aéc eratlon tensile
force on the spinliThe rogit fiawsratio of themodified palymenis prefarablyial Igash#d®, ownd | nuous| y
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refarably/ ¥ ieh&t 778
- PCT/ US97/ 02996p er?eas ured ?a%ﬁi eve’% 'gﬁgel ;rrefe¥abl caé Ieva 31 L4e°s Q?eemﬁ% O“é 6art'r° ected

for swell ef f eefthe mpdifiest palynaer is preferabiy gmteouhan m?t efthe polymer priontg ng from t he
nip rollers. modification by at l@fst‘i@ﬁéd:&ﬂerﬂo lé%@f%eﬁé?ééﬁ[%nﬂf evbii €

polymer in the capilla oneter i's a ust t enrper at ure whi ch
generates a ne'l"?’eé’t"l"fé 7t {eapt W00ParceRte 5 range from1l to 15 cN (M5 err]).

That val ue may t he rrheenméaitihdiid ot thel e didty- ﬁ?&lﬁeﬁcﬂﬁ%ﬂé’breferablﬂéssatﬂﬁﬁ Bgr

speci fied t errp En‘:’lnr em re pLee o Ietsg El'?al#:gls gl Oemﬁlq ue%er|1 l(')nrtl’re preferably fess than 12
g/10 min., and even more preferably less than 6 dg/min., and preferably, for practical
reasons, greater than 0.1 g/10 min. When the modified resins are to be used for
extrusion and injection molding, the melt index of the modified polymer is preferably
at least 0.5 g/10 min., more preferably at least 5 g/10 min., and even more preferably

25  atleast 8 g/10 min. The most preferred melt index of the modified polymer is

determined by balancing processability {melt strength and meit fracture) without
producing more than 0.5 wt percent gel.

Preferably, modification of the polymer results in less than 0.3 percent gel
formation under melt processing conditions, more preferably less than 0.1 percent

30  gel, and even more preferably no measurable gel formation.

The preferred rheology-modified polymers according to this invention are also
substantially free of gel defects. Gel defects are caused by thermo-oxidative
crosslinking which gives rise to the formation of small globular masses of polymer
which have not blended completely with the surrounding polymer due primarily to the
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[err.] whi ch is based on the well-known Arrhenius equat'i on wherein
T[err] and T[err] are the 15 actual and target tenperatures of the polyner

bei ng extruded by the capillary rheoneter, respectively, in degrees
Kel.vin; MS[err] and MS[err] are the actual and predi cted melt

strengths of the polyner at tenperatures T[err] and T[err], respectively;
E[err] is Ww887ERehymer' s activation energy and R is the gagTARSRR2!
1.987 calories/nole [err]K The activation energy is 11,120 calories

for any of the Rhiowggametmtisl bbween theusictiila? thass and thesuiroureiig pofymetven af t er
rheol ogy nodification. | . V\heln the“rr%t |str tr‘_l‘gg?g‘kat 15e(|} g
(MB[err]) is deSCPalFe gy geneially cametige qol g small p pof'PPPf oYM LB e,
t hen T[e_rgI ] i's 4nsdiffioulf rqubtify usirllgI ate_stsutcz asmmmmérBlbwmr%'Aerrhit isw:m(y;/ary
e range ut i s _genera | e e . LQm err. 0
S15 [arr) K (30 Satdsietin mB8etalndabured a9 s pleps of Sh8BLot i) bl
falls outside t lrestriment sibh as\a lasergge) céumter. In onef nanualmethod gimeasininggyl be used
to g ust Lhe POLKER!a Hfl dankt Bt ivndiGnd b bl Sver o e BEGRHA HEipudt ' "' "

the 1 to 15 cN re than
one iteration ofofvisible getdefects per vpit aren dmemuntedn Anexamplerof addser gal cpuntertisir e

falls Tn the ) e MREStercl bl Bl obS RTINS &) ik Inb Julflp G fpddbl ©
operating the sgebgounter itde/pdssibisrto count thecnumsienof gahdefects andto aassifstheigebd i n
ke Che aofop PRy 83, el SRS RS ngl vkl "oV (°
measur enment s. preferably have less than 200, more preferably less than 100, gel defepts greater
WO 97/ 32922 than 0.03 inches (0.08 cm) in nominal diameter per 10,000 inches? (65,000 crm?).
PCT/ US97/ 02996 ) L )
Rheology modification of polymers according to this invention may also be
used to reduce the potential for onset of melt fracture. Reducing the potential for
15  gross melt fracture and surface melt fracture is often substantially improved relative
to the values obtained with the same polymer prior to modification.
The amount of crosslinking agent required to satisfy one or more of these
conditions for a specific polymer varies depending primarily on the specific end use
of the modified polymer and the susceptibility of the polymer to crosslinking. The
20 susceptibility of the polymer to crosslinking is in part affected by the amount of vinyl
unsaturation/1000 carbon atoms and the amount of short chain branching/1000
carbon atoms.
The amount of vinyl unsaturation can be quantified by infrared (IR)
spectroscopy according to the method described in Dole, Polym. Piast. Technol.
25  Engineering, Vol 13, p.41 (1971) using the equation:

vinyls/1000 carbon atoms = IR absorbancy at 909 cm™/(0.970 x )

wherein t is the thickness of the polymer film in millimeters (see also Chum, J.

30 Plastic Film & Sheeling, Vol. 8, pp. 37-47 (1992)). In a preferred embodiment, the
polymer prior to modification has a vinyl unsaturation less than 0.30/1000 carbon
atoms, more preferably less than 0.10/1000 carbon atoms.

The amount of short chain branching/1000 carbon atoms due to comonomer
incorporation may generally be inversely correlated with the density of the polymer,
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The preferred rheol ogy-nodi fied pol yners nmade according to this invention
al so have an inproved DRI. The DRI of these polyners is preferably at | east
1.0 units, nore preferably at least 5.0 units and even nore
preferably at |east 10.0 units. The DRI of the pol yner

rheol ogy-nodi fied according to this invention is inproved 5 over that of

the pol ynmer prgeyorhsses heol ogy nodification by preferably at lﬁﬁ%ssr?m@%
units, nore preferably by at least 2.0 units, and even nore

preferably by dhe $ivntdhai.trarithingA000 carbon atoms geneT’QI@ |Hé?é£§ir¥§ with
di stribution of th& nodi fied polynmer is |less than 4. prefergbl y

| ess than 3.5, preferably less than 3.3. The m)l ecul ar wei ght
di stribution of theGedithis didcipsiry otthe invegtionf maabnhgtrwab’ﬁdwafefwaaé&éﬁ of the

pol ymer prior o] | east .10 nore preferably
by at |east 2oj°g°§F Issng'ng% géﬁ‘&% p%@gz\%ﬁo%wggﬁ?d&gl;ﬁ% E’?""éﬂe | east 50

per cent . 5  experimentdtior iwithin theyambihaf onk ebbrdingryrakifli f | ed poI ymer has a

M ere] o3 Saner tanTrdR e many ypeCorSpfand kg R 550 B8 e B W 1
pr e]t er aB: y at |ueefyltfatmcetedmsw pants feém thedfosmuidtiohs distloded. I'&relﬁ,nfdclﬁﬂl@’l Irmr e
preferably at i fi ol ymer
is preferably reat r&éﬂﬁ %g%‘%e %#e)&%’oe?;'h@e tB?tldoegéqug J—i?@(ﬁ#ﬁt—g%t i on
by at | east 10%&%3&36\“@%%1’!3& Ipsue. Volumet655Bumberctnpp. 264268y en
nor e pref erghl yinfbduchidisto idi&ioR ¥ dtkﬁﬁergnabapd op pp. 270:271, 'g@g%ﬁgo dex of the

r heol ogy- nodi f i ed polyner IS pre s than’ nor e
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9/ 10 min., andpritss ERRYSottdRis. M fepably,
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i ndex of the nodif msbmebwmou.ﬁedﬂétﬁ;l@ﬁ@iﬂwners pro%smﬁaﬂg?tﬂéégn d: 1 bast

nor e prefergbl /10 min,, and even nore prefera
8 g/ 10 nin. hi"‘fﬁf‘?f" %Fz‘?'é'? them of thisdexentign ?’ﬁé’sﬁfﬁhﬂmeéjﬁwtyﬁﬁea.
det er ni ned by bﬂbﬂﬂﬂlgbgdspbﬁmhldohétwddfﬁbfecﬁéﬂ%ﬂéﬁnﬂiw witeldndicamet ur )

\gr tep g?;bl Y, r&%%ﬁ@?‘ﬁﬂ“%‘f a?‘ﬂﬁg B&‘@'ﬁ'@r SBB‘&?? F’@ f&?f'°?@§§“t°’?&r\“@‘d9 per cent

gel f or naaitomotivedmses aingleplyoofing, Bad WRE dhd tabiSvoltae Rslafdrearabd! v | ess
than 0.1 perceﬁtckég gel, and even nore preferably no neasurabl e gel

formati on. The preferred rheol ogy-nodified pol ymers accordi ng
to this ineention arFstairucilm structuresjbamwlarlya:lehqftfmeﬁhleinvgﬁliorﬁh?fdejah%e Cel

o the for mat | Haos poile boteAengot Bluk i taricat B8 RERGRINS S duidphfeaf’ 108 107
bl ended conpl e?@qwatmprpcemssmh as tentenffames gnroubld beblile proresses. t 0 t he
- 24- Conventional hot blown film processes are described, for example, in The
Encvclopedia of Chemical Technology, Kirk-Othmer, Third Edition, John Wiley &
25  Sons, New York, 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 processes described in U.S.
Patent 4,352,849 (Mueller), U.S. Patent 4,597,920 (Golike), U.S. Patent 4,820,557
(Warren), U.S. Patent 4,837,084 (Warren), U.S. Patent 4,865,902 (Golike et al.}, U.S.
30 Patent 4,927,708 (Herran et al.), U.S. Patent 4,952,451 (Mueller), U.S. Patent
4,983,419 (Lustig et al.), and U.S. Patent 5,059,481 (Lustig et al.), can also be used
to make film structures from the novel compostions described herein. The film
structures can also be made as described in a tenter-frame technique, such as that

used for oriented polypropylene.
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t he sur.roundi ng pol yner. Because they generally conprise only a small
proportion of the bulk polyner, they are difficult to quantify using a
test such as ASTM D2765, Procedure A. That is why gel defects are
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and t he susceptifh In’idnbhyél‘ff'lrh Isq»rqsmjcydmia tibulat filvs @it i< biogn filihtacBtiques) or flat
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Pl astic Film & Jankias) the nvmay stil bajpmingtedAq additiong) tayers af aacbassmmmatsdals '

enbodi ment, t hey ndmae.k #EfineP bhitical RaiiRfehle’dt theMhalih. SLathiRlongUgal Ur ati on
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carbon at orr3° Coexirusion byD ﬂﬁ'ﬁ‘bm“‘(ﬁ"'wgaz@ﬁ&$?P"?If‘%ﬁfc?ﬁp¥>gﬂi®00 car bon
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correlated with the density of the polyner,
- 25.- go through other post extrusion techniques, such as a biaxial orientation process.

Extrusion coating is yet another technique for producing multilayer film
structures using the novel compositions described herein. The novel compositons
25 comprise at least one layer of the film structure. Similar to cast film, extrusion coating
is a flat die technique. A sealant can be extrusion coated onto a substrate either in
the form of a monolayer or a coextruded extrudate.
Generally for a multilayer film structure, the novel compositions described
herein comprise at least one layer of the total multilayer film structure. Other layers
30 of the multilayer structure include but are not limited to barrier layers, and/or tie
Iay;rs, and/or structural layers. Various materials can be used for these layers, with
some of them being used as more than one layer in theé same film structure. Some of
these materials include: foil, nylon, ethylenefvinyt alcohol (EVOH) copolymers,
poiyvinylidene chloride (PVDC), polyethylene terethphalate (PET), oriented
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PCT/ US97/ 02996 the short chai n branchi ng/ 1000 carbon atons generally
i ncreasing with decreasing . density. G ven this disclosure
of the invention, matching the appropriate dosage of crosslinking
agent to the polyner to be nodified is a matter of routine 5

experiment ati ogobhhdthy) the anbit of one of ordinary skill.  permsennzees
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Encycl opedi &/ 89}aY|MSd Oct ober 1988 |ssue, Volunme 65, Nunmber 11, pp. 217-
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for making t hebe madel by Meltiprocessingdhe theslopy-madified pglympeeancordingith ghis nvent i on
are useful 1N ilemBH! Fliprdedssiner Bfincluge procBélit et ofades B idfihdi it

construction, electrlc or €Xxa

coati ngs/ i nsul haveepn mlosvmdﬁe@amng toghis inyentiaRe 'fi apraferradembadimente s
include 15 aprbQRMts uﬁgraﬁ\aéssare Msaérﬁiag) fred StRhieatted emswns

vol tage insul ation and | ackets mandflﬁ%structures
particul arly beReslinking agant WWP%@@H?‘T‘%V%{%”@W"HEG 39‘"‘t nmade usi ng

conventional hot bl%émdn@:ﬁ@,%&&&m&&e smbmbm.r@ranqﬁtaﬁﬁedmt@m al
orientation Processes such as tenter frane rocesses.

oF
Convent i onal hERMHisHER hamogepsays pelymer which !?é?&?‘i’%&?“a"ﬁ'é'iee@ia peted; n The
Encycl opedi a 0&ro€‘s°naﬂhg: agent estishahtegiedidtes dre Prdferably trébted itk di croselinkingohn W | ey

& 25 Sons rk 198 16-417 and Vi 18 . 191-192.
B axi al 15 ot Pl $yblACll 2 PunsBer el e SR T e POYERElS bed i n
“doubl e bubbl emelted tomidl@dissartidle.| The-Lrbsslifkihg agend mép be Gitlder ratiidtiokar a eatd t he
processes descr{'?bed I_n Patent 4,352,849 (Mieller), U S. Patent

4,597,920 (Gol P B?‘e"ﬁ"‘ég"‘ggﬁéﬂ?“‘4 820, 557 (Warren), U.S. Patent
4,837,084 (Warren), Therﬁeolﬁw-momﬁed,mmﬁnc(iﬁtdmkdiatas usgd tp makie Shedddpy- Pat ent

4,963, 419 ( LusLU0E) pdymars iy bo s e & i damgfiontl flok molk st
al so be usael polymere inva polymen biensk an adgiional polytmiers are peasentothey maydes
described heregg %&1&‘ ah%fth?]moﬁl?éﬁsﬂdﬁnﬁﬁlﬁéﬂ'ﬂoﬁtbﬁ&egﬁs Poiftherd HeS&ibok! Ped in

a tenter- frarre tec
above for thls invention and/or any modified or unmodifed heterogeneous polymers.

The heterogeneous polyethylenes that may be combined with the rheology-

modified polymers according to this invention fall into two broad categories, those

25 prepared with a free radical initiator at high temperature and high pressure, and those
prepared with a coordination catalyst at high temperature and relatively low pressure.
The former are generally known as low density pdlyethylenes (LDPE) and are
characterized by branched chains of polymerized monomer units pendant from the
polymer backbone. LDPE polymers generally have a density between about 0.910

30 and 0.935 g/cc. Ethylene polymers and copolymers prepared by the use of a
coordination catalyst, such as a Ziegler or Phillips catalyst, are generally known as
linear polymers because of the substantial absence of branch chains of polymerized
monomer units pendant from the backbone. High density polyethylene (HDPE),
generally having a density of about 0.941 to about 0.965 g/cc, is typically a
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used for oriented pol ypr opyl ene.
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PCT/ US97/ 02996 - Oher multi-layer film manufacturing techniques
for food packagi ng applications are described in Packagi ng Foods Wth
Pl astics, by WIlner A Jenkins and Janes P. Harrington (1991), pp.

19- 27, and in 'W@erdasissi on Basics by Thonas |. Butl er, FpCTnuSoeoeesei on

Manual : Process, Materials, Properties pp. 31-80 (published by 5 the
TAPPI Press ( 198&nppolymer of ethylene, and itleentbins ralatively fésebmnciothajrsrelativentolitite | ayer
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in a secondary ommatuaﬂylavaﬂabjhlnatanbthsagradhssend inayl be nseetn Haglnng'ntton Foods

et e DY WLl clbontfO bt el o LB lg 0l L1
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of ?dhesi ve or of the ceolefinand the dreaterthe iamountcpf atdisfin pp&eekagierlgﬂerapedérts:ty bhyers
more | ayer s 1l R @ReTPbL didaConsonsiy rangtirent (TDER Raiiéely 2 Gpilindler' o 1]
be | am nated t oetwlstne achan o-olefie pt3 tof 12cdbangatorgs, rm&ferfblahstp 8 carbonaiymeifiorng on
Lhe SXner B! Gl UAGHERbBufl, SO i N il o S EARB v

di scusses | am ndemsnn ofAbe scormlymer td thatofLDPEViNerethe copphuner cantaine @éeeh ibtens can

al so g0 t Nl %Q@ﬁsﬁ?%fdr%%(l{s\ﬁ E%tb%%ﬂﬁ@%hesﬁ%?o@rﬁe@ e Rl

orientation process. rusion c ot her
techni que fas pesdirailovgdensity pdlw}lmledei(UbDPE)orvstyrlmﬂmsetx pelyeﬁ\demhéll-mm

conposi tions de ' : LA | ccl east
one | ayer of t hgﬁé h%“???ﬁ@%%rlgz%w gmg ﬁ#rﬁ%m e%f §§2 Fé)?]gg: ating

is a flat die techniBetd thw@e@alamad%antmtiresm@% rajalyets and by thetcoordinationt r at e
either in cA8Iy58 aFl Wil KPoWR HhS UR! astire thelrGifethddd & Hrepafatinlat €.

Cenerally for a rrul tilayer filmstructure, the novel conpositions described
herei n conpri seHatewssagQuan%aneW@ne@plvm@ are aygilapig from Thedpow Chemiseh uct ure.

Qt her | ayer $930CoRipaty'd Iﬁé%lé)&*“ QOPE Bhé UE AR ™ DEDPESedE. HEteroBecus M ted to
barrier layers, and/or tie
linear ethylene polymers can be prepared via the solution, slurry or gas phase
polymerization of ethylene and one or more optional a-olefin comonomers in the
presence of a Ziegler Natta catalyst, by processes such as are disclosed in U.S.
Patent No. 4,076,698 to Anderson et al. Preferably, heterogeneous ethylene
25 poiymers are typically characterized as having molecular weight distributions, M,/M,,
in the range of from 3.5 to 4.1. Relevant discussions of both of these classes of
materials, and their methods of preparation are found in U.S. Patent No. 4,950,541
and the patents to which it refers. '
The polymer mixture of this invention may further include recycled and scrap
30 materials and diluent polymers (both encompassed by the expression “diluent
materials”), to the extent that the desired performance properties are maintained.
Exemplary diluent materials include, for example, elastomers, rubbers and anhydride
modified polyethylenes (for example, polybutylene and maleic anhydride grafted
LLDPE and HDPE) as well as with high pressure polyethylenés such as, for example,
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| ayers, and/or structural |ayers. Various materials can be used for these

l ayers, with sone of them being used as nore than one |layer in the
sanme filmstructure. Sone of these materials include: foil, nylon,
et hyl ene/ vi nyl al cohol (EVCH) copol yners, pol yvi nyl i dene chl ori de

(PVDC), polyethylene terethphalate (PET), oriented

-27- w W 97/ 32922 PCT/USY7/02996

PCT/ US97/ 02996 pol ypropyl ene (OPP), ethyl ene/vinyl acetate (EVA)

C?EO: yme ; S, t ﬁt fawl c{%ﬁﬁtyqauygtﬂymnequE) EAA(tﬁwc)lyrﬁ@'BC&tuﬂﬂf[%vényl acetate (EWI\E) |
e ene/ net nac ic acid , Nyl on,
gr a%lt adhesi ve' Eﬁ%’? YrRsrs and é%wg@ﬂ?ﬁ&gw%%e@%’ Hh?fﬁgymﬂg 3'?%?%"&5“3“" Y

pol yet hyl fene) t;ambf playseme infStenees il iy prefenableror thel pojyerer nittanesdf thicihvention toh

t
ool ogy - modi 1 R8s e 48 peroent, mors prefsreBNigesThir 50 P pcriiah kith ' "°
processing $ hemptmbb@plyrmhtham(jOMbgmem diluent rdataxplt partidulasly when thenvent i on.
That  process Riehi ki 8038 ARl b oBFiclbANhé R it HRdnal 9. o

have been rhe ccor I's 1T nv on. I'na preferrted
enbodi nent, 10a slyrme{batddene ruhbegawwee mose particufarlyawhendhe giluenteatefialisa eact ed

crosslinking agy rOS/BP&&EBQ%reneb{oﬁﬁ?ép%iﬁ&‘ﬂéﬁb)age”t conprises a

heat - acti vat ed Such articles may al so be
made by nelt pr ocesmwmmtmcéanMmdfed polymeiadcording ta thivinwention tus

ol ynmer whi,gh [ Rdtérb S
gge%t Suchlulynt be";k &gﬁ%rté ggﬁg??dp@h#oéﬁiébﬁg a?mg"?ed W ?ﬂneous P OIQ'EP"% te'c#fé
agent, but ar eanfbicranmpledainandsliluemd e@wermdemﬂbﬁd phoesmay raggefiem|1: 3949

pol yner is 99ﬁreiﬁ&ﬂé&omttm@wagﬁﬂrsﬁﬁsmﬁhsra@e%%mm@mgagmntmaay be
either radiation or heat - activated crosslinkin en
(97%63963 r heol ogy-

The rheol ogy- nivhes %b%m%é'ﬁ%wa'ﬁﬁrﬁ'ﬂ'éﬂmﬂfﬁlgé§’°m7
modi fi ed pol yrrer S MAddRfes) SEh bl dnickidunts (‘fbr%%i’ﬁbl@%hdé?ed’bﬁéﬂomesdbh agore

SO R o TIN ACIEA COE COR M NC T
honbgeneous pOéxamsléi Irges™ 163ciso supplﬁh(vy@ltfmelgh lsanuwmpsmwas@bm BNy
T oo Rl s S N5t B g aipiceer. oMy "o
pol ynmer s accor (suctyas for WIIe and cam’éltoaﬂng épﬁllbatlons)opugmantbrcﬁuiante,targd”ﬂers sayt hose
oressur - and PRoE8ncuES A &b KopBliing By ikl LERRAGA) § riboRs o0
t enper at ur 0 anchodifédpolyra¢ractarding teethe present inventidr cAlfhoughegermrally geher al | y
known as | ow d?e'aﬁf.ré&.' ﬁlﬂ%l. X&Hmh&é magiﬁg@mé’d‘f%rﬁ(& polymer mixture of the
present invention may also contain additives to enhance antiblocking, mold release
and coefficient of friction characteristics including, but not limited to, untreated and
treated silicon dioxide, talc, calcium carbonate, and clay, as well as primary,
25 secondary and substituted fatty acid amides, release agents, silicone coatings, etc.
Still other additives, such as quaternary ammonium compounds alone or in
combination with ethylene-acrylic acid (EAA) copolymers or other functional
polymers, may also be added to enhance the antistatic characteristics of films,
coatings and moldings formed from the polymer mixture of the invention and permit
30 the use of these polymer mixtures in, for example, the heavy-duty packaging of
electronically sensitive goods.
The foliowing examples are illustrative of certain specific embodiments of this
invention.
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char act eri zed by branched chai ns of polynerized nononer units pendant from

t he
about 0.910 30

by the use of a

catal yst,
subst anti al

pendant fromthe backbone.
havi ng a densit y. of M@M to about 0.965 g/ cc,

né&grﬁgrg |dentsf ed in Tatrle 1 are meléI proce
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pol ymer
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AtigneDr g estemark Stankd niate By The diowChemieal Compady S.

The SLEP's are all ethylene/1-octene copolymers produced using Dow

Insite™ Technology. The Exact™ 3028 resin is a linear homogeneously branched

ethylene/butene copolymer resin (6.6 mol percént butene) and has an antioxidant

package comprising 170 ppm Irganox 1076™ and 378 ppm trisnonyiphenyl

phosphite, while the Tafmer™ A 4085 is a linear homogeneously branched ethylene

copolymer resin. The Attane™ 4403 is a ultra-low density heterogeneously branched

linear ethylene-1-octene copolymer which has not only an antioxidant package
comprising 200 ppm Irganox 1010™, but aiso has 2000 ppm of PEPQ added. All of
the SLEP resins have an antioxidant package comprising 500 ppm Irganox 1076™

and 800 ppm PEPQ.
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Patent No. 4,076,698 to Anderson et al. Preferabl y, heterogeneous ethyl ene
25 polyners-are typically characterized as having nol ecul ar wei ght

distributions, Merr]/Merr], in the range of from3.5 to 4.1.

Rel evant di scussions of both of these classes of materials, and their
met hods of preparation are found in U S. Patent No. 4,950,541 and the
patents to whiygdoejdaesref ers. The pol yner m xt ur ecoisdin2sss

i nventi on may further |nclude recycl ed and scrap 30 materials and dil uent
pol ynmers ( bot h ExaopleyhM essetExemplesssi on " di | uent materials"), to
t he extent that the 4

Exenpl ary di | uent mastqg‘?’lie%?g‘ %%\P%dgpe Wﬁ&ﬁk‘&%ﬁhéfiﬁd%ﬁ}dﬁ%@%@ érlﬁ(g%ae?ds and
anhydri de highdsheaeratearidithereexiruged Oh erwmetmnd@ﬂeidetey B&Ks83dwin seraW nal ei c

anhydride graft Seﬁgﬁ 1 H‘)IPE)EM@BH thiPESmhp18S ard@lghin?est¥d fof mik HaeR BRE SUT ©

pol yet hyl enes
-20. 5 wscosnlyx@t gmq;gg@ shear Viscosity is determined using a dynamic mechanical

PCT/ US97/ 02996 4 romét&‘(’\fhd bhxma@hmtéweau pbd-WIt2s ng neﬁwﬁmw S,

et hyl ene/ vi nyl aceta yners and et acryl ate

(EMR) 1 nt or pol yikimain taeesclaiep) shees mads.  FroquenmssUsHps arpeismecd feardm s | {

is preferabl e fsbardfgedstoyRr100vadiaHsRebdndidt 18 péféléﬁ'y‘tr’aﬂrhtt@oclnanﬁ% Al n
| ess than 50 vt percent, nore preferably less than 30 wt percent and even

5 rmore pref erdPPspheess é*'smmawtwatwrwwre o mﬁtaﬂh‘#@ﬁ gps e’ﬁ%’ﬁpncul arly

when t he ) ul arly
when t he di 1°ue§b%%r(%fﬂstﬁé sﬁe%rgatgﬁpgﬁg?tgo%?g%%gﬁserc ubjti)-ge &gﬁgé en nor e
particul arly wsametdsasieséribad aboven(The ireguits gresshown belowyn Eahle But adi ene/ st yrene

bl ock copol yner (SBS). |, The -yﬂ'tht rati o of rheol ogy-nodified
pol ymer accor di to this |inventi ynondi fed
honogeneous pd| ®  het éﬁﬂgeneou@"ﬂbﬂ y iscply Pt by | Viscogiiypt 1Q0ragisec
materi als, and dil uent | frobogssess |d i€ abovedlsay rande f (poise {Pa8c)) O
99:1. In one gnbodi nent, the weilght rati pdh (,me ande from10:90 to
90:10. In a further enbodingent, the ght rat| 14 in the range fram
30:70 to 70:3¢. 2 o Additi ek, sjuch BGO&TH oxi dant s ¥MrSR48xanpl 4,
hi ndered phendlTc%, su,n a@slb TTOMwX]| efr 1 86y 1T Janox|[3sno {3530 /6 '
supplied by G i phosHR 500 . s 40
supplied by Cilba gy Saﬂdaost db sulppl P%(? V Sand X I ng

addi tives (for| exdnple| Pl tgcki®9%ers,| pl 8830P{923&)rs, |oi | 51819@H§1@)des
(such as for Wrregmdtatt g Toat{ g g Pt dfmwhg,mgr TS 17386 @7so)t 5. ¢nd
s

fillers may alsao be includdd in_the bolyvoer conpposiltions
o* no 0.76 105000 {10500) 17400 (1740)
g yes 0.55 134000 (13400) 17300 (1730)

*Comparison example only; not an example of the invention

T As the data in Table 2 show, the homogeneously branched SLEP resins, after
melt processing, have lower or equivalent viscosity at low shear (0.1 rad/sec) after
reextruding than as virgin polymer, while the heterogeneously branched polyethylene
has higher viscosity at low shear, indicating that the heterogeneously branched
polyethylene has significantly changed structure during the reextrusion resulting in

20 more difficult processability at low shear. These effects are particularly pronounced
when comparing sample 6 and 9* (having similar melt index and density as virgin
(“non-melt processed") polymers).
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20 nodified polyner according to the present invention. Although generally
not required, films, coatings and nol dings forned fromthe pol yner

m xture of the present invention nay al so contain additives to enhance
anti bl ocki ng, nold rel ease and coefficient of friction .characteristics
including, but not [imted to, untreated and treated silicon dioxide,
talc, calcium owobmsrete, and clay, as well as primary, 25 se®CnUaN02996d
substituted fatty acid antdes rel ease agents, silicone coatings, etc.

Still other addi¥32 > Ragiatign Modification o nypni um conpounds al one or in
conbi nation with ethylene acryllc acid (EAA) copolyners or other functional
pol yners, nmay al so be added t o .enhance the anthtatlc characteristics of
filns, coExample 4 Effectof yrivradiation onthe propedies ampied: mixture of the

i nvention and permt 30 t he use of these polyner m xtures in, for exanple,

t he heavy- dut ackagqi el ectroni cal tive ods., .
The foll gvm' ngsy e>F<)arrpI g?b'gr:’e‘hm"? ﬂ%’?PHl“FW%?m%?t%W b%ff"ﬁ @%éﬁﬁb'drﬁﬂ‘ém% of

t his. | NVenising.particles. - 30-
WO 97/ 32922
PCT/ US97/ 02996 4. Experimental Table3 The pol ymers identified
in Table 1 are nelt processed and tested for change in nelt index and
change in | ow W N\ AR - P A o BOy-By S
are treated wit PR a5 the cil 2P Akil e REJAL |(SATRE TR (| Remplets of 5
Sanpl es 1, 4 arjMidsal so treated w §horadi ant3energy ae the crjows 1 nki np
agent). : T Srte
Pol yrer Pdr %(gm)mln) I [err] 16.3 EEQDSJ“QIAT[L /r‘rr? errl) o
I[err]/1[err] [Mlferr]/Merr] 7.08 .01 1134 dotfeoner
(g9/ 10 min) Density (g/cc) SLCEP 0.8828 120.8621 0.8894 30 |0.8820 U.p828
7.08 2.00 —- Sk 23— 53000 1/‘.111%00
0.8731 7.3 2 04 }5400 ey 22.15
4. 90 q.%8.736 7.38 27390 28100 4 23900 S| EHR 27800
25.0 0, 08697555 055555 453_0-,5 5575 SLEP
23§ ] 0.8709 7. 57 2. 6 SLEP .
(Pa-sec) | (603) (1180) (5750) (16500)
(100 Hz} Poise 3460 3670 5340 6470
{Pa-sec) (346) (367) {534) (647)
Log n ratio 0.07 0.14 0.28 0.37
Alog n(0.1Hz) NA 0.29 0.98 144
ALog n(100 Hz) NA 0.03 0.19 0.27
DRI 0.20 g.68 773 434
| MS™(cN) 1075 2.40 14.00 NM
NA 0.35 8.77 NM
MS Improvement (cN)
Hardness {Shore A) 81.4 79.4 80.2 81.0
Tensile Break (psi (MPa)) 1000 1112 1283 1179
{6.9) (7.7) {8.8) {8.1)
Strain at Break ( percent) 1164 1147 1117 1099
Log n ratio = {log 1., - 109M100)/10 N100
10 ALog n(0.1 Hz) = log no,™ - log 104"

Alog (100 Hz) = log 145" - 109 Ny00”
MS improvement = MS* . 72,079 (log M,)* + 666.28 (log M,)) - 1539.5
"NA" means “not applicable”
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7  Exact[err] 3028  NM 1. 09 0. 9026 5.57 NM

8 Tal mer[err] A NV 3. 60 0. 8800 NV

NM - 4085 9" Al tane[err] 13.5 0.76
0. 9035 9.09 3. 88 : 4403 *Conpari son exanpl e
only; not an exanple of the invention Exact[err] is a trademark of and
made by EXXon ‘whemses Tafnmer[err] is a trademark of an 762906
Mtsui Petrochem cal 10 Attane[err] is a trademark of and nmade by The Dow
Chem cal Conpany The SLEP' s are all ethyl ene/ 1-octene

copol yners pr oGiagibid s iE¥dctdp ectron badhPirabibfidr dn 16% GRE ﬂ*gﬂ%ear EE% vistBsifyldt" ]
3028 resin is a I'fnear honogeneousTy Bbranche €

copol yrmer resi mﬁm)l percent butene) and has an antioxidant 15 package
conprising 170 ppm Irganox 1076[err] and 378 ppmtrisnonyl phenyl

phosphite, while the Tafnmer[err] A 4085 is a |inear honpbgeneously branched
ethylene 5 copol Rl 4describesihemel index-ehange andilow and highshearviscositydensi t y
het er ogeneous| YhBhgedsré and after dlétidh ber Yrritiod (A 012 SRR doEgesy Bl Ch has
not only an anwldﬁnt gack e . .canprising 200 ppmlrganox 1010[err],
but al so has 20AFRHM & S \\eredn the formpf soligh palymer f&dpch A8 em)have an
agtl | oxi dant pacdmem?maglg ispiferRApeNdts whicH dRfxmdebethrough thalecliBR bea PEPQ
PCT/ US97/ 02996 °® W“"M%&M‘ib&?" josh (13Bcap gats. The,carts wete loaded with 25 S5 es
2-4, 6 and R* 3oandsd$kopsf pbitets fop bich MIA.S TheBlgctronTam dutpulwak Q¥ 2134

hi gh shear rate_.and therk$ﬁ§§g?a§§d on a Werner and Pflel derer ZSK-53 tw n
screw ext FUdEPPETRP %y Ve PPEERM §CAR sanpl es are again tested for
melt index and 5 viscosity at |ow and Mfapledshear. Viscosity is determ ned

e e PEPRey ] Sae | s %) 200
Mrads 0.00 2.50
1(0.1 Hz) Poise 96850 942000
{Pa-sec) : (9685) (94200)
n(100 Hz) Poise 18820 16740
(Pa-sec) (1882) (1674)
Log 7 ratio 0.17 0.41
ALog n(0.1 Hz) NA 1.0
Alog n(100 Hz) NA -0.04

Log n ratio = (log 1o, ~ 10911000109 N100
Alog n(0.1 Hz) = log 0, ;" - log ng,"

15 Alog n(100 Hz) = log 140" - 10g N0’
“NA" means “not applicable”

Example 3
Table 5 describes the melt index change and low and high shear viscosity
20 change before and after electron beam irradiation (at 0.75 and 1.0 Mrad dosages) of
Sample 5. As in Example 2 the samples were in the form of solid polymer 1/8 inch
(0.3 cm) diameter nominally spherical pellets which were moved through the electron
beam on 60 inch (150 cm) by 50 inch (130 cm) carts at 25 pounds (11 kg) of pellets
per run. The electron beam output and scan were the same as in Example 2.



plates in the oscillatory shear node. Frequency sweeps are perfornmed over

t he shear range of 0.1 to 100 radi ans/second at 15 percent strain at
190 C i*n a nitrogen at nosphere. Hi gh shear rate data is neasured on a
constant stress gas extrusion 10 rheoneter (CGER) in the shear rate range
of about 10-1000 sec[err]. The GER is the sanme as descri bed above. The
results are showoohsbnw i n Tabl e. 2: ' Tabl e PCTUSY2BEND| €
Mel t Final 12 Viscosity at 0.1 Viscosity at 100 rad/sec
Processed  (g/ 10 mi fydosage of 0.75 Mradwag accomplished by rpoyina-the cashthequghthe

(poi se (Pa.sec)beam ft 49 feet ger mmute (FPM) (79 meters per minutky- a‘hosa% e of 1.0 MRaWad( 574)

3440(344) 860( 586

3510 (351) accomplished by movmg t%cart through theosagga beam at th@m

18800( 1880) meters pér minute). yes 0.95 92300( 9230)

18100 (1810) 6 no 0. 80 132000 (13200)
17300(1730) 3 6 yes Table 5y g9 122000( 12200)
15820(1582) PHysical Property 110 Sample 5 BSatfple 5a $aRpEGH10$00)
17400( 1740) gx S d 55 184000/ 12400

17300 (1730) Mrads ari P exanpl e B y; npt ahP8xanple of
the . invention 15 11(0 1 Hz) Pdise t ne [0ang7 2bp 12 gously
branched SLEP resi after |t procesgi ng& equifval ent
viscosity at low s é%q—sqcb 1 rad/ sdc) ¢ PLR80) 1 ud ng®OREN as [vi rgin

polymer, while the US| T3 E4gEd §OT V33 880 € 256 T} gher
viscosity at low s I ndi catl ng that t he heterogeneously Branche

pol yet hyl ene has si Q‘?ﬁﬁqcbant ly change@4§‘!)r uct ur el2@3a®) ng the@@@)(t rugi on

—

resulting in 20 Wl Teutrocsa T Tty g2 OW Sfrearg.39 teseef fect s
are particularly pf on%ﬁnced en_conparilng _sanpl e 6l and 9% (hayi ng
simlar nelt index{abopg@diz)y as |vir gNA (" rb30 el t| proBd48sed” )

pol ymers). Alog n(100 Hz) NA 004 o 002

Log n ratio = {log nq 4 - 10gN10)109 N40o
Alog (0.1 Hz)_= log 1p,™ - 10g %o.1"

ALog n(100 Hz) = log o™ - 109 Nyeo’
“NA" means “not applicable”

10
Examples 4 -15: Peroxide Modification
The peroxide modification is accomplished using a Werner and Pfleiderer
ZSK-53 twin-screw extruder which is a co-rotating fully intermeshing extruder that
uses three-lobed screw elements and is capable of screw speeds of up to 450
15  revolutions per minute (rpm). The extruder has a feed section of 4.0 diameters (212
mm) and four additional barrel sections with a length of 7.5 diameters (400 mm)
each. The ZSK-53 extruder is equipped with a diverter valve, gear pump, screen
changer and underwater pelletizer. Maximum production for this system is 300
Ibs/hour (140 kg/hr). Production rate for the samples described herein is 100
20  lbsthour {45 kgfhr).
Examples 4 -15 are peroxide modified using the ZSK-53 twin screw extruder.
For Examples 4 -14, the peroxide is Lupersol 130 and for Example 15, the peroxide
is Lupersol 575. A solution of the selected peroxide is mixed with methyl ethyl
ketone (supplied by Southwest Solvents and Chemicals) at various weight ratios to
25  allow a target flow rate of 4 tbs/hour (1.8 kg/hr) for all samples and fed to the
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WD 97/ 32922

PCT/ US97/ 02996 Exanpl es 1-3: Radi ation Mdification Exanpl e 1:
Effect of [err]-irradiation on the proverties of Sanple 1 5

Table 3 shows data on the properties of Sanple 1 before and after

I rradiation using y particles.
Table 3 OV-5ieal Property Sample 1 Sarrpl e ﬁﬁgﬂse 1b
Sampl e 1c e %? o2 0 #érrus
3032 I[ [ er ]r |extradet Wvithiardiaphragm metermg pUmp(Pulsa Feedér. rﬂ&del no 7120-S2E)48I'h:s
: err

1737 Denb{RAPP(gPadpaimum capachy 8F25 o {11 ko) gsp0 psis (9.3
0. 8820 l\/[ erbatk pressure. The solution is fed frol4iFGallon (5.7 li8&) inless steel Q&QOO
117600 9900
27900 M er rﬁ'ﬁ[ 2qch padded with 5-10 psig (0. GggMPa) nisrogaly, the solutign 57 ¢
4.215 [ ér r Jpbtpedifrpmibe feed tanks through@OBibromotion flowl 265 (Model 6) cAlibRfiéd
165000 (Pa. ) 5750)
(16500) [ef Bl ﬂ‘bs’??z”{ (qe58 k). The solbhid fed to the i inrouh a staiess)
6470 ( Pa. s@tgel injector purchased from WerneGarel) Pfleiderer (\@at) is capable of( frdviding
(647) Log
0. 37 orr] %o E%bfe gprf res of 0-3000 p&F (Q?M1 MPa). Q)p%%tlg%pressure is %%98
1. 44 [ err] e ps;M L q_@@ . Solvent and peroxide by-products @red@moved by a0. 19
0. 27 .
43 4 Per rd]e olﬁﬂhzatlon system consisting of @r %galnless steelg cgcgc out vesself EZB%& by
NM methylene chioride to a temperatyr of -40C to -508. Jhe vacuum pump uged is a
NM VS | rrpr @éﬁﬂ?ﬂhss(tﬁﬁﬁ vacuum rﬁﬁfy%ﬁﬁﬁhéﬁ §Q ot@e—through oil %43 to create’9- 4
80. 2 Tensi | e Break (psi
1283 1 17@19 seal. The vacuum system is capable of 16 o 29 |req§1eg}>f mercury (0:p54 o
(8.8) (802698 MPa) aS&dIétan@JunBr eak ( percent) 1.164 1147
1117 g [err] ratio = (log [err] - log[err]
10 '5 [err]Log[err](O.l Hz) =log [err] - log [err]
[err] Log [err] ( Exambles: EtetrnfPerdxide-Addfign b tHe]Properties of Sample 2 WS
| mprovenmrent = MS[err] - 72.079 (log Merr])[err] + 666.28 og Merr]) -
1539.5 "NA" neans "not applicable"

Table 6 shows data on the properties of Sample 2 before and after peroxide

treatment,
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and hi gh shear
the melt

WD 97/ 32922

rate viscosity of Sampl e 4

5

i ndex change and | ow and hi gh shear viscosity

Exanpl e 2: Effect of electron beamirradi atlon on | ow

Tabl e 4 descri bes

change bef or

and after electron beamirradiation (at 0 and 2.5 Mad dosages) of

1/ 8 i RCIVUSLIN3996 M)

Sanpl e 4. The spopieesnwere in the formof solid
di ameter nonminally spheri cal
beam

pol ymer

The carts were
The el ectron

-37-

e

pell ets which were noved through the el ectron
on 60 inch (150 cm by 50 inch TabBB cm) carts.
| oaded with 25 10 pounds (11 kg) of pellets for each run.

ec

Lo

beam out put was set_at 34 mllianperes, 4.5 MV and 86 _percent scan.
Table 4 Physical Property  PhyESamgle Pr|campley  |amplee 4 Sample Sgr§ampleda
Mo - aomoo | 2 by | B | X | B,
{gggg 0.1 Hz) ( g’gmm Tupersoi™ 130 | 0,000 ff.@fr_uloqjaqg'z) SREa | "%g510
16740 [ Es-ROORITO00C ( Pa. SECP.00D 0097 | (U2B2) | 0561 (100
R RO P B s Y O M LU 5,
[err] (100 Hz) holz NA @04 | 770 9.15 11.¥bg [[eM?$6 1 atli
! 29 LerrL | R G Tou TeT[TORrSS | oarsz | UETSTe [
[err] - '?og [err]Mw 59700 . \ 46 ?ans 7HMI | gv] 131600 ~
Exanpl e 3 . M'l nTabI e 5 de>29£2mbes t:«lleooir?l t 29m0e2< crsa?nge a.rdsmgw al
_?;'[gho_sgga;n\él iC wadt\(.;nq;g;:g\;cn JUQ__U{C mﬁ@r et EZEL,LTurrmam Y Ifjssl o qm
1(0.1 Hz) Poise 5740 7410 14600 52770 154000
(Pa-sec) (574) (741) (1460) (5277) (15400)
n{100 Hz) Poise 3440 3640 4090 5114 6430
(Pa-sec) (344) (364) (409) (511) . (643)
{ Log n ratio 0.063 0.087 0.153 0273 0.362
alog #(0.1 Hz) NA 0.11 0.40 0.96 1.43
[ ALog (100 Hz) NA 0.02 0.07 0.17 0.27
DRI 0.19 0.29 0.85 ~7.10 38.24
Melt Tension (g} NM 0.12 2.75 3.66 NA
MS™ (o) 0.81 NM 3.79 16.45 66.75
MS Improvement (cN) NA NM 0.15 8.00 49.15
Hardness (Type D) 22 22 22 22 22
Tensile Break (psi (MPa)) | 763.9 739.7 839.2 924.4 915.5
(5.3) (5.1) (5.8) (6.4) 6.3)
Strain at Break ( percent) | 1118 1177 1241 1203 1039
*Sample 2 was not reextruded
“NM” means “not measured”
5 “NA" means “not applicable”
Log n ratio = (log np, 1- log n100)40g 1100
Alog (0.1 Hz) = log nq,"™ - fog no"
Alog n(100 Hz) = log 140" - 10g M40
MS Improvement=MS150C -72.079 x (log My)2 + 666.28(log My,)-1539.5
10

)

g



Sarrble 5. As in Exanple 2 the sanples were in the formof solid polyner 1/8

i nch (0.3 cm dianmeter nomnally spherical pellets which were noved

t hrough- t he el ectron beam on 60 inch (150 cm) by 50 inch (130 cn
carts at 25 pounds (11 kg) of pellets per run. The el ectron beam

out put and scan were the sane as in Exanple 2.

- 34- wo 973D 7/ 32922 PCI/USI7/02996

PCT/ US97/ 02996 A dosage of 0.75 Mad was acconpl i shed by noving
t he cart t hroudixaniple fe 28 a8difioncan low andchi : : geasityraft er s per
m nute), a dosan%&gg;aﬁl 0 Ivrad was acconpl i shed by novi ng the cart

t hrough the sa at the rate of 46 FPM (14 neters per mnute). 5
Table 5 TableEdesgtibeptogpoel ipdexs:happeamd low and Sighsheatwscosity Sanpl e
5b ; . 0.75 1.00
[err] (0.1 Hz) N fige befors g Fgrpsroxide twaﬂ“/%,' B Sample 4 507, 700

(Pa. sec) 5 (18720) (37680) (50770)

[err] (100 Hz) Poise 24, 540 PapietP 23, 400

(Pa. sec) (2454) _(2336) (2340) . Log
[err] ratio Physical lt;ow Sample4 | (Papple4B | SamplgdQ 1| Sample 4D ALog
[err] (0.1 Hz) ). 30 0.43 ALog
[err] (100 Hz) O—p4- B0}

Log [err] ratio}= %ﬁerr] 1 Igé)ferrr)looo[err] oﬁﬁ 10

[err]Log [err] (O.teeeeh*138g [eqr] - logj[err] [efr] Log
[err] (100 Hz) = |TEwg ROORI006C O [OEJDT ~ 029 | 069 NAGesEans " not

applicable 10 _—E)WLM 4 Rex h“.ﬁel—kbd-l-ﬁ—ee-ﬁ% The
per oxi de nodi fi oiatl BRI S agcorml i sgﬁed US| nqaa Wirner’ and_Pfl eM%Iere
ZSK-53 twi n-scr gm@kHekReise whijch96980 a ¢0-318A08t i g BHI0PY i ht ¥48ARABHI hg

extruder that (pa s threedl opegd) sc e\qsfgb@rreritS(m)l st camsobe pf screw
speeds of up to revol ditions pel minute (r nm Theleoxtr has a

feed section of m<!?°d1=bﬁ%§9ers (218890 " 1 118600 it o JF320udii § i o1#EPO0 ba r el
sections with a fl(Basdch of 7.5|di@eadyert (ATa)mMM)| (1632ach. (T4M8) ZSK- 53
extruder is eqwimqm—t-h—ﬁ—d«o Frefster—y

k- ey sd e PHET Sttt g7

Alog n(0.1 Hz) NA 0.72 0.94 1.18
ALog n(100 Hz) NA -0.03 -0.06 -0.11

NM =Not Measured

NA - Not Applicable

Log n ratio = (log ng.1- log n100)i0g n100
10 Alog n(0.1 Hz) = log no4™ - log 1o+
Alog n({100 Hz) = log n1,00™ - 109 Ny00”

;1'\.”
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chahger and underwater pelletizer.

300
herein-is 100

- 14,
Luper sol
et hyl

wei ght rati os

| bs/ hour

(140 kg/h
20

t he peroxide is Lupersol
575. svoelauézon of the sel ected peroxide is m xed w pcTusSzi896
ket one (slupl i ed by Sout hvvest SoI vents and Chem cal s) at vari ous

r_ ~3 )1

r.

Maxi mum production for this systemis

130 and for

Exanples 4 -15 are
per-oxi de nodi fied using the ZSK-53 twi n screw extruder.

Exanmpl e 15,

For
t he peroxide

iyl g/ hr )

all sanpl es andgifigles0 the
Takle B describgs the me indprehanae are low and high-shearyiresity-ceder

WD 97/ 32922

PCT/ US97/ 02996

nodel no.
(11 kg/ hr) at
from1.5 gald
with.5-10 psid
t he feed tanks
at 0-15 | bs/ hag

Production rate for the sanples described
| bs/ hour (45 kg/hr).
Exampl es 4

i's

for

- 35-

7120- &aﬁbeinaréandaﬂeppEf&amaan&&usaﬁp@@am ty of 25 |bs/hour

a stainless
i s capabl e of
2.1 MPa). QOper

Sol vent and p
system consi st

nmet hyl ene chl
is a Beag
systemto credt

i nches of mer
Exanpl e 4: Eff
Tabl e 6 shows

treat nent.

1500 psig (10.3 MPa) ,fl% ressure. The solution is fed
on (5.7 liters) stainless feed t anks, each padded
[ PRyslidai-Fropety VPSampie [ | Sahple feol USample | § Sampie U[T[Sapled Ofn
througharri:rogotianflom ngger { | q) %alib at g
(0-6.8 Kka/ he_solution is fed (o flhe extr der t hr pugh
wtpsrcent| | nj e“t 8+°Upu chiRed 98 Vier 8P arjd 19Q ei Her'd0, whi ch
Userdolk 130 adj ust abl e byack pressures df 0-300p psi (Ojto
H 1.200. H L a W P~ o ) Ao
rggis': gei EVE-J;I’O ucts a eo'}'%rmvegz%y A fé devo?'gliil za 47on
i Fiing! lo@/100H) st ai Aftss| s88%| kndtk- O\Qéssel sNMool Bd WM
rﬂ(@eumno&e:] € - " 1650000| BOGHE0OTS | 3?
hi gh vp r -thr 0
h(P ~ __the sp gg%&f & n@{] r‘rﬁd@a@ap éﬁé}’é&éf i@gﬁglzg
umDO(l-&)Bﬁsb t o] 24500 O} (294D0|\/Pa)198msdl 17820y ad uA40015 13000
plsdd] Peroxi g 4gdi | iPagon (1280)PrORPFs2) € Plaaci2 oI
a%ﬁéai)mt he pr S%EI'LI é DE) ja?m[e) gefo gag'g ft ﬁ EI)OX de
Log n ratio D.19 0.26 . 0.35 0.41 0.50 0.53
Alog n(0.1 Hz) NA 024 | 051 0.73 0.95 1.04
Alog n(100 Hz) NA 0.0 -0.09 -0.156 -0.23 -0.28

10

NM = Not Measured
NA = Not Applicable
Log n ratio = (log .1~ log 10009 1100
Alog n(0.1 Hz) = log 151" - 10g 104"
Alog n(100 Hz) = log 010" - 109 N100”
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PCT/ US97/ 02996 Table 6

Physi cal Property Sanpl e Sanpl e Sanpl e Sanpl e Sanpl e

2% . 2A 2B 2C 2D W percent

Lupersol [err] 130 0.000 0.099 0. 302 0.573 1. 030 Egs.
ROOR/ 1000C  wop 914398300 0. 097 0. 296 0. 561 PETRES 102996
I[err] (g/10 mn) 15.91 12. 58 8.01 3.18 0.

Example 7: Effect of peroxide addition on low and high shear rate viécosity of
Samples 4 and 6
Table 9 describes the melt index change and low and high shear viscosity

change before and after peroxide treatment of Samples 4 and 6 (having similar melt
5 index but differing density):

Table 9
Physical Property Sample 4 Sample 4A Sample 6 Sample 6A
wt percent 0.00 0.10 0.00 0.10
Lupersol™ 130
Eqs ROOR/1000C 0.00 0.10 0.00 0.10
Final I, (g/10min) 0.90 0.80 0.80 0.40
Density (g/lom’) 0.8694 NM 0.8015 NM
(0.1 Hz) Poise 96500 138000 132000 285000
{(Pasec) (9690) (13800) {13200) (28500)
n(100 Hz) Poise 18,800 15,500 17,300 17,300
(Pa-sec) (1880) (1550) (1730) (1730)
Log 7 ratio 017 0.22 0.21 0.28
Atog n(0.1 Hz) NA 0.18 NA~ 0.36
Alog n(100 Hz) NA 10.06 NA 0.05
NM = Not Measured

NA = Not Applicable

Log 7 ratio = {iog np.1- 1og n100)1109 N100
10 Alog n(0.1 Hz) = log np " - I0g Na1"

ALog n(100 Hz) = log nsgo™ - 109 M4c0”

Example 8; Effect of peroxide addition on low and hig_ h shear rate viscosity of

Samples 6 and 9*
1s Table 10 describes the melt index change and low and high shear viscosity

change before and after peroxide treatment of Samples 6 and 9* (comparing the
performance of a heterogeneously branched LLDPE with a SLEP having about the
same melt index and density):

-40-



[err] 7.39 7.79 - 9.15 11. 77 12. 96

Density (g/cc) 0.8733 0.8732 0.8729 0.8730 0.8731
My ' 59700 62900 71400 93100 131600
(VoI 29200 30600 29400 30900 30400
Mnv/ Mh 2.04 2. 06 2.43 3.01 4. 33
[err] (0.1 Hz) Pwosesz2 5740 7410 14600 5277 ®CT/USYM28861 000
(Pa. sec) (574) (741) (4460) (5277) (15400)
[err] (100 Hz) Poise 3440 3640Table 10 4090 5114 6430
(Pa. sec) Physical Proper/+4 Sampld§61) Sample &4‘4‘?Bample 9 ( DJsh)'nple 9°A ( p43)
Log [err] ratio 0. 063 0.087 . . 153 . 273 0. 362
[err]Log[err](O 1 Hz) [NA 011 0. 40 0.96

1. 43 [ err ] wopgreent | ( 100 IHz) 0.00 0002 0.® 07
g. % 0. 2;8 , Luperbh 130 oo 0.2p o_)sg5
3. 66 - DN T e 000 \3\f 010 of7g
16. 45 66. {%inal Iz(glwnm I 0.76 NV 0.03 0.15

8. 00 49. 15
22 22

— 22

NM 0.9035 M
B A e
(51%p 5.19600 (5. 8)

924. 4 915. ﬂ>"‘°1”z)P°'se

(6.4) (6. 3) (Pasec) Strai njat(132o®ak (13408) 1] 77(106000) 1p41
1203 1039 > +d-eg———
"NM' neans "not Hgasu?)epa'se 17 cEﬁ“{S’Pl capl e"

Log [err] ratio|Pxsedg [err]0f1 (173% [q=rr§1im)log [(Er‘P)] 109 (2030)

[err]Log [err] (OTdgdtaio — 10U (e Taizi- 1 YU (62& | 0.25 040 e[ rlLog
[err] (100 Hz) “WHH] NS
| mpr overrent =Ms[ ¢AFEOEYH2079 § (1R M err19%® + q68. (1 og| M &8) - 1539. 510
-37- ALog n(100 Hz) NA 0.05 NA 0.07
NM = Not Measured
NA = Not Applicable
Log n ratio = (log np.1- log n100)0g n100
5 ALog 1{0.1 Hz) = log 1™ - Iog no+*

ALog {100 Hz) = log 140" - I0g Nor’
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PCT/ US97/ 02996 Exanpl e 5: Effect of peroxide addition on | ow and high
shear rate viscosity of Sampl e 4 Tabl e 7 describes the
mel t index change and | ow and hi gh shear viscosity change before and
after peroxide treatnent of Sanple 4: 5
Table 7 wo ofieas cal Property Sanmpl e 4 Sanpl e 4B  pceRfheestC
Sampl e 4D wt percent 0. 00 0. 30
1.0 Lu 3 roxide addition Bw:im[il Q?(Qﬁ/ rate viscoSh
0. 29 0. 0.98 Final I[err](g/10mn .90
0.13 0_€ch__§ les7and8"" "y [err] (0.1 Hz) Poise 96900
518000 850000 Table 11dEBOERS the low and highBhea @iskosity change before and 9f&0)
(51800) (8 [err] (100 Hz) Poise 18800
17600 | o weatmerHiERHbies 7 and e (Pa. sec) (1880)
(1760) 5 (1632) (1470) Tabledd- [err] ratio 0.17
0. 35 (P Oa48 e . NA
0.72 Q. gﬂystca!Propeny 1§§|§ple7 Samplﬁ errfLog [err}( ' : NA
-0.03 -0. Q6 -0.11 NM =Ngt Measur efl
NA - Not Appl i ¢alopercent 0.00 e [eTf] 68010 T (tgepterylo. 1-
|l og [err]100)/lje ful4hgt 00 1( [err]Log [eqr] (0.1 Hz} =log
[err] - log [ern Alog [errfl (100 Hz) |= log [erf] - log
[err] gqs ROOR/1000C 0.00 0.19 0.00 0.19

n(0.1 Hz) Poise 74900 4727000 20530 38080

(Pa-sec) {7490) (472700) (2083) (3808)

n(100 Hz) Poise 27800 35000 12220 16700

{Pa-sec) ' {2780) (3500) (1222) (1670)

Log n ratio 0.10 047 0.06 0.08

ALog n(0.1 Hz) NA 1.80 NA 0.27

alog n(100 Hz) NA 0.10 NA 0.13

NM = Nol Measured
NA = Not Applicable

Log n ratio = (log np_1- log n100)l0g n100
Alog n(0.1 Hz) = log 1,,™ - log 1o,
10 ALog 1(100 Hz) = log nya0™ - 109 7400’

Example 10: Torque data of Sample 8 after low temperature initiation peroxide

treatment
Table 12 describes the torque response at 120C on a Haake Rheocord 9000
15 series equipment before and after peroxide treatment of Sample 8:

_ Table 12
Percent Lupersol™ 575 Haake rpm Initial Haake Torque at
{wt percent) Torque 5 minutes
o NM NM NM
0.16 10 1525 1600
4 20 2170 2270

**Melt Processed
NM=Not Measured
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PCT/ US97/ 02996
shear
mel-t
after peroxide treatnent of Sanple 5: 5

WD 97/ 32922

rate viscosity of Sanple 5

i ndex change and | ow and hi gh shear viscosity

Exanpl e 6: Effect of peroxide addition on | ow and high

Tabl e 8 descri bes the

change before and

Tabl e 8 PRyS bsrsdeasr operty  Sanpl e Sanmpl e Sanmpl e SapproiseTiozdgpl e
Sanpl e - 5 5B _ 5C
Sy Example 11€DRDMdssure of Sam Ie3£he9 r xide Gredtthent 0. 30
000 0.0 o 389813 descgogfiotd crday chifoe beforpaha eiperaic”
I [err] (g/10m n) treathneht of SaniplsS3: 0.13 0.03 NM NM
[err] (0.1 Hz) Poise 187000 302000 g%g‘b%’ 1000000 1650000 2060000
(Pa. sec) (18700) (30200) (6 (100000) (165000) 206000)
[err] (100 Hz) IPoi SehysicliRtoperty 21 S8mple 3 1) &athple 3A | SAple 3B | Satbgid G0
13000 (Pa. §ec) (2450) (3140) (1980) 1752) (1440)
(1300) Logi{lerr] ratio 19 026 Q.35 Q 41 0.50
0.53 [err] jay\gpffe?nt}l(vemmm 0.0~ 0.19, 24 039 51| 060 g 73
0.95 1.0 L"Eqs‘Robenoqobog [eryT(del Hf) 0.10 029 -0J0T059 -U}09
-0.15 -0. 23 I nal (gl‘fOn‘ﬂ?I‘) 4.90 -?M'— 5
NA = Not App|lcngé’ ; I@e r] #atio = (fog [48rr](.1- | og
[err]100)/1 og [@qﬂr@_&;@’e(psn(MPa)) 1300 (9.0) (9]30_0 ‘[4@Qi9]7Q0 14584)69)og [err]
- log [err] 10 [WefTemp. atDie(Cy L ST L83 [ C|T 1 (1880 ) 9T [¢TT qast ogjlerr]

5

Example 12: Die pressure of Sample 4 after peroxide treatment

Table 14 describes the die pressure change before and after peroxide

treatment of Sampie 4: .
10 Table 14
‘Physical Property Sample 4 Sample4A | Sample 4B
Wi percent Lupersol™ 6.00 0.70 0.30
130
Eqs ROOR/1000C 0.00 0.10 0.29
Final I, (g/10min) 0.0 0.84 0.13
Die Pressure (psi (MPa)) | 1700 (11.7) | 1700 (11.7) | 1750 (12.1)
 Melt Temp. at Die (C) 159 150 160
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shear rate viscosity of
t he. mel t
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Sanpl es 4 and 6
i ndex change and | ow and hi gh shear viscosity
and after peroxide treatnment of Sanples 4 and 6 (having simlar

Exanpl e 7: Effect .of peroxide addition on | ow and hi gh
Tabl e 9 descri bes
change before
melt 5

I ndex but diff nsity):
Table 9 %’3@.’2& Property Sarrpl e 4 Sarrpl e 4A gmyﬁsw g
Sampl e 6A

0.10

Table 15 describes the die pressure change before and after peroxide
treatment of Samples 6 and 9* (comparing the performance of a heterogeneously
branched LLDPE with a SLEP having about the same starting melt index and

S density):
Table 15
Physical Property Sample 6 Sample 6A Sample 9* Sample 9°A
W percent Lupersol™ 130 0.00 0.10 0.00 0.10
" Eqs ROOR/1000C 0.00 0.10 0.00 0.10
"Final I; (g/10rmin) 0.80 043 076 0.03
Die Pressure (psi (MPa)) | 1400(9.7) | 1500 (10.3) | 1600 (11.0) | 1850 (12.8) |
Melt Temp. at Die (C) 212 . 212 174 174

This data shows that when 0.1 wt percent peroxide crosslinking agent is
added to Sample 6 according to this invention, there is only a 100 psi (0.7MPa)

10 increase in die pressure, while the same amount of peroxide crosslinker added to
Sample 9* (Attane™, a heterogeneous ethylene polymer) resuits in a 250 psi
{1.7MPa) increase in die pressure. This die pressure increase generally is an
indication of greater high shear viscosity, since polymer extrusion is a high shear
phenomenon.

15
Example 14: Percent gel determination for Sample 5 at 1.5 percent peroxide level

Percent gel is determined for Sample 5 after modification using 1.5 percent
peroxide (as described in Example 6). Percent gel is determined using ASTM D
2765 Method A, the disclosure of which is incorporated herein by reference. This

20 sample had the lowest starting melt index and as such, after reacting with the
highest percent peroxide, would be expected to have the highest percent get (that is,
the highest molecular weight fraction which had converted to gel). Surprisingly,
Sample 5, after modification with 1.5 percent peroxide, still has less than 0.5 percent
gel (which is the lower test limit for this method). Accordingly, all other examples of

25 the invention which are peroxide {or irradiation) modified have less than 0.5 percent
gel, since all other examples either used less peroxide and/or had higher melt
indices (that is, lower molecular weight, meaning that there should be less likely gel

formation, all other parameters being relatively the same).
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Lupersol [err] 130 Egqs ROOR/ 1000C 0. 00 0.10

Q. 00 0.10 Final I[err](g/10m n) 0. 90 0. 80

0. 80 . 0. 40 Density (g/cnferr]) 0. 8694 NM
0. 9015 NM [err] (0.1 Hz) Poise 96900 138000
132000 285000 (Pa. sec) (9690) (13800)
(13200) (e 83922 - [err] (100 Hz) Poise 18, 800 PCTHOS99/01996
17,300 17. 300 (Pa sec) (1880) (1590)
(1730) (1730) Log [er r] ratio 0.17 0. 22

0.21 0. 2%x:-.\mle 15: rison of § : i i i

NA il ) \
NA o file Extrusion NM = Not Measur ed

NA = Not i cabl e I
log [err] '2‘88)/ o0 [er-rr]abf%?)s it(m)ows data obtame&&gpf%ﬁlé IE% d?re d r g%gke}s

[err] - 1og [ &rr psing Sample 1 modified by y parq@quwr{lﬂ-rqm '3=e|39§9°'[ err] -
| og [err] bgiﬁm&agdmﬂtfﬁﬂtpeﬁm&e rll’?éédﬂ%a?@@amm QQ%ITBWI%E]% mb
I'e escCri bes

shear rate viscosity S

the melt index cl'?ﬁmjﬁ "Hﬁ&tq ERN Eﬂﬁd Pﬁﬂ'@ﬁ WH@BWWE%EP'GQ was expesedite @ 20dmdr e
and af ter per oxi dsd ér52adibh i8fn T80 e piick BORBAKITRG $8Fpie 1
Thg ‘about

perf ormance of a heterogeneously branched LL wth a SL
t he sanme nelerkPrasagtoa 3 Miadidese;of Pyradiation in the form of an electron beam and for

- 40- 10 petddd FoameAn Lupersol I
PCT/ USS7/ 02098 p upersol 130 was melt processed with Sample 1 as described
above for Examples 2-12 in an amount sufficient to reduce the melt index of Sample

1 to 10..
Table 16
Cross- | MI | Density | Meht "Output Line- Shear Surface Enough
linking {glce) Temp -| (ibmrikgthr)) | speed Rate(s™) | Quality Meilt
Agent °F(°C)) . (f/min{m/min)) Strength
¥ 10 |} 0.88 290 (143) | 90.0 (40.5) | 51.9 (15.8) 6226 Acceptable | Yes
Y 10 }j0.88 250 (121) | 92.6(41.7) | 54.0 (16.5) 6485 Slight Mf* Yes
i 10 j0.88 290 (143) | 88.2 (39.8) | 50.8 (15.5) 6101 Acceptable | Yes
B 10 j 088 250 (121) | 86.6(39.0) | 49.9 (15.2) 5904 Acceptable | Yes
| ROOR "} 10 | 0.88 295 (146) | 87.7 (39.5) | 50.6 (15.4) 6068 Acceptable | Yes
ROOR |10 | 088 280(127) | 97.2(43.7) | 56.0(17.1) 6724 Acceptable | Yes

15 *Slight melt fracture (MF) in die lines.
**Enough melt strength means that the melt strength was sufficient to hold
the shape of the extruded profile after the polymer exited the extruder die.

This data shows that similar throughput is achieved for a given shear rate,

20 surface quality and melt strength when using different crosslinking agents to rheology
modify Sample 1. It was not possible to extrude a profile using unmodified Sample 1,
since it had too little melt strength to hold a profile. The combination of the high
shear rate, surface quality and line speed with enough melt strength is particularly -
surprising for a polymer free of external processing aids as in this case.

25 The Table 16 data also illustrates that the advantages of this invention are
provided at different melt temperatures. This indicates a wide processing parameter

window, allowing more flexibility in extrusion conditions.
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Tabl'e 10 Physi cal Property Sampl e 6 Sanmpl e 6A Sampl e 9*
0

Sanpl e 9A Wt percent .00 0.10 0. 00
0.10 - Lupersol[err] 130 Egqs ROOR/ 1000C 0. 00 0.10
0.00 0.10 Final I[err](g/10m n) 0. 80 0. 43

0.76 0. 03 Density (g/cnferr]) 0. 9015 NM

0. 9035 [err] (0.1 Hz) Poise 132000 28 pePRIso/02996
134000 e bfrse (Pa. sec) T (13200) 599( 28500)
(13400) ( 10600Athough the iliv@htidr(Hdd ek dedtfbeéEin considerile detail throughthe
17400 20300 (rPa. sec . 317 0 lg1780

(1740) Prgeg@}g speci |c|gwofl pt]s. r}laltqge understood a tlnese em odlrnt_a are
0.25 for plrposes ofiIRENIticA Onlyc Mahy Gariatibits) and modificatidis can be made 1By 36
A oy sklled in the[a%rﬁi%&%ekgﬁiﬁi\ﬁrg%sﬁwag §69Rg of the invention. >
NA = Not Applicable Log [err] ratio = (log [err]0.1 -
log [err]100)log [err] 100 5 [err]Log [err] (0.1 Hz) =log[err]
- log [err] [err]Log [err] (100 Hz) =1log [err] - log

[err]
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RPCT/ US97/ 02996 Exanple 9: Effect of peroxi de addition on | ow and high
shear rate viscosity of Sanpl €s 7 and 8 Table 11

descri bes the | ow and hi gh shear VI fore and after

peroxi de treatnent of Sanples 7 and nm "'" IT"@

Table 11 woébymomal Property A m&w&s
Sanmpl e 8A wt percent 0. 00 0. 00
0. 20 Lupersol [err] 130 Egqs ROOR/ 1000C 0 00

2-753000 028@30 A rheologﬁm&%ﬁed eothylene[ poi Jn%e&@ta%nd’%ls {R3h 8 wt pergeﬁgg o)
(472700) (mepsyred via ASTM D@éﬁ)@focedure A, a[Ganpogition Disgriputinsi Branch Inge:eoo
35000 12%@@0]) greater than mm and a mo(e%@lals\i[ﬂg%t;t]dlsrtrébtultl%n less than QQJBC%
(().345130) 50 végc%?ls characteriza I%@g one of the fqllgmnp@gﬁat{ogﬁ] (0.1 Hz) NA
1.80- NA 0. 27 [err]Log [err] (100 Hz) NA

0.10 NA 0. 12 < (log 74 - 109 M100}10G 400 | NI\/It = NoI (:\/EaSl[Jl‘e

NA = Not Applicable err] ratio og [err
log[err]/log [err] log 7p = m'%ﬂ?’]i [err](Ole) :IOQ)[err] -
log [err] 10 K < Ms™¢ - {2:079]x(Ilog M 5% + 6d6l8¥x libg M3) -118g0.6err] - lam [err]

wherein 1, is the zero shear rate viscosity of the p_olymer. Mo, is the viscosity of the

10 polymer measured at 190 C and a shear rate of 0.1 radians/second, 1,4, is the
viscosity of the polymer at a shear rate of 100 radian/second, g is the relaxation
time of the polymer, Z, is a number having a value of 0.30, m is a number having a
value greater than or equal to 1.070, b is a number having a value less than or equal
to 5.950, K, is a number equal to 0.50, MS'**°is the melt strength of the rheology-

15 modified polymer in cN measured at 150 C and M,, is the weight average molecular
weight of the rheology-modified polymer.

2. The polymer of Claim 1 wherein the polymer is a substantially finear
ethylene polymer.
20
3. A polymer blend comprising a polymer according to Claim 1 or 2

combined with at least one other polymer.

4, A process for improving the processability of a thermoplastic ethylene
25  polymer comprising treating at least one thermoplastic ethylene polymer having a
molecular weight distribution less than 3.0 with a crosslinking agent in an amount
less than the amount which would cause greater than or equal to 0.5 wt percent gel
formation as measured via ASTM D 2765, Procedure A under meit processing
conditions wherein the process satisfies the condition:
30 log 10,™ 2 log 1" + x (V) and
log Niee™ < log Moo’ + ¥ V)
wherein 1,,™ and n,,™ are the viscosities of the modified polymer in poise measured
at 190 C and shear rates of 0.1 and 100 radian/second, respectively, no4* and 10"

—_—
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Exanpl e 10: Torque data of Sanple 8 after Iowterrperature initiation
Der oxi de treat nent Tabte12—desertbes the torque response

at 120C.on a Haake Rheocord 9000 ment before and after
per oxi de treatnent of Sanple 8: l’ (,IEB m]ullﬂ

Tabl e 12 Percent Lupers ke rpm Initial Haake
Torque at woomszezz (W percent) PCT/USY /5496

5 m nutes NM

NM are the viscpsitigs of the unmodified polymet (that is, the ‘virgin® polyraer) in poise

1600 measured at 190 C and shear rates of 0.1 an&qco radian/second, respeétitely, x is a

2270 *Melt Processed

NMVENot Measur eghumber having a value of 0.50 and y is a number havmgavalue of Q.40;-

PCT/ US97/ 02996 npl e 11: D| e pressure of I e 3 after peroxide
treatment 5  Wwherein '°Q’BDB Rad lpg Ty aredeg G&aﬂmlmﬁ@fﬁregggﬂw-m@ﬁ%pw@r e and

after peroxide gngthe i t&fodiREERbE rés ecbvel s or
Tabl e 13 e yfsplbggfeggro erty Sanp 0 y Sanpl e 3A  Sanple 3B

Sanpl e 3C W percent Lu@@e‘?s%l'“[%r*rqw&o 0.00 M 0. 10 0. 30
0. 60 Eqs ROwhérbA@S” and MS' are melt str@n%l% in cN at 150@0191e rheology-mgdla&

0. 59 Flnal I[err](g/10m n)

0.49 Di e PrBalWneicandiae sammeewmerfyevemsvfcaﬂ%mwe@vgy 1400 (9. 7)

1450 (10.0) yp Melt Tenp. at Die (O 2 128 133
133 5 Exanpl e 12: D| e pressure of Sa af ter peroxide treatnent
5. A process for making a molde artlcle cc:mpnsmé3

(a) treating at least one thermoplastic ethylene polymer having a
molecular weight distribution less than 3 and a CBDI greater
than 50 percent with a crosslinking agent;

15 (b) heating the treated polymer to a temperature suitable for melt

processing;

{c) melt processing the heated polymer,

(d) forming the melt processed polymer into a shape and

(e} allowing the shaped polymer to cool, .

20 wherein the crosslinking agent is introduced at a dosage less than that which would
cause greater than or equal to 0.5 wt percent gel formation under melt processing
conditions, but sufficient to satisfy the condition:

109 Mo.4™ 2 108 Ng4" + X (Iv) and
fog N100™ < log Mye’ + ¥ V)

25  wherein no ™ and 0™ are the viscosities of the modified polymer in poise measured
at 190 C and shear rates of 0.1 and 100 radian/second, respectively, 1o’ and 140"
are the viscosities of the unmodified polymer (that is, the “virgin® polymer) in poise
measured at 180 C and shear rates of 0.1 and 100 radian/second, respectively, x is a
number having a value of 0.50 and y is a number having a value of 0.10;

30 log 7" 2 log 1o’ + 0.1 (Vi)
wherein log 1," and log 1," are log relaxation times of the rheology-modified polymer
and the polymer prior to modification, respectively; or

Msm v 4 X N “
> MS'+05¢ (Vi This Sheet Has Been Repl

e
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Tabl e 14 describes the die pr - and after peroxide
treatnment of Sanple 4: 1 f Table 14

Physi cal .Property Sarrpl e 4 Illmﬂmlll " I“ rrpIOIeBgB 130V\1

percent Lupersol[err]

Egqs ROOR/ 1000C 0.10 0. 29 _ Fi nal
I[err] (g/10m rWosmzszz 0. 90 0.84 ‘ 0.113 pcﬂlljstg-;?zmsur?

[ 11.7 1750 (12 enp. a
BPZI (SVP a)) 1%0 erein MZ‘)‘ anc} Mggar(e melt s)trengtmggwc at 152)Cofthe rheology-modified
-43- olyifer 8nd the 8ame polymer prior to modification, respectively.
PCT/ US97/ 02996 P Exanpl e 13p 6 e %ressure corrparl son of Sanples 6 and 9*
af ter peroxide treatnent

' 6. The process according to Claim 4 or § wherein the crosslinking agent

5 s a heat-activated crosslinking agent.

7. The process according to Claim 4 or 5 wherein the crosslinking ageht
is radiation.
10 8. The process according to Claim 4 or 5 further comprising:
() blending at least one unmodified polymer with the rheology-
modified polymer.
9, An intermediate for making molded articles comprising at least one

15 thermoplastic ethylene polymer having a CBDI greater than 50 percent treated with
a crosslinking agent in an amount less than sufficient to cause the formation of 0.5
wt percent or more gel under melt processing conditions and yet sufficient to satisfy
the condition:

log ng.™ 2 log ngs" + x (V) and

20 10g T10o™ S 10g Ny + ¥ V)
wherein nos" and n,o™ are the viscosities of the modified polymer in poise measured
at 190 C and shear rates of 0.1 and 100 radian/second, respectively, n,," and 1,4’
are the viscosities of the unmodified polymer (that is, the “virgin” polymer) in poise
measured at 190 C and shear rates of 0.1 and 100 radian/second, respectively, x is a

25 number having a value of 0.50 and y is a number having a value of 0.10;

log 1," 2 log 1" + 0.1 (V1)
wherein log 1™ and log t," are log relaxation times of the rheology-modified polymer
and the polymer prior to modification, respectively; or
MS™.> MS'+ 0.5cN Vi

30 wherein MS™ and MS® are melt strengths in cN at 150 C of the rheology-modified

polymer and the same polymer prior to modification, respectively.

10. A process for using an intermediate to make a rheology-modified
polymer which comprises:

-49-

This Sheet Has:Been Reﬂlac

THIS SHEET HAS BEEN
REPLACED




Tabi e 15 describes the die pressure change before and after peroxide
treatnent of Sanples 6 and 9* (conparlng the perrornance of a

het er ogeneousl y branched L avi ng about the sane
starting nmelt index and 5 l" ﬁ”m! 'IIE

Tabl e 15 Physi cal Propert y ¢ Sa 6A Sampl e 9*
Sanpl e 9*A wo,-,,gﬁnpercent Lupersol [err] 130 0. i.&m;sgqmmo 00
0. 10 Egqs ROOR/ 100 0. 0. 10
Fi nal 12(g/ 10mi n) (a)O Heating at teastpnggntermedna’re gf Glgim 8 to aten(rpe@}ure Di e
Pressure (psi (Mra)) 140051(,@;,;;);9”359;}0&913@;"&) 1600 (11.0) 1850 (12.8)
Melt Tenp. at Die (O 174 174

This data shows that widn Delpreessinatbmbested palymer A stepdek nking agent s
added to Sanple 6 accofg)i n@mhifg iHal Melt ﬁ‘eﬁ&%‘sé@ﬁmﬂhéeéf%tdp'f(b}?iﬂioya énap80 psi
(0.7MPa) 10 increase in die pressure, white the same anount of peroxide
crosslinKer added to le 9* (Attane[err], a heterogeneous ethyl ene
polymer) results in a 2§0 ﬂﬁ,wmgthesr(a'beammefmt@a@ytddboﬂl e pressure. This
di e pressure increase generally is an i ndi cat1 on of greater high shear
viscosity, since polyner extrusion is a high shear phenonenon. 15

IExarr}:ﬂ e 14: PercentFr) gerrhdﬁtoeéssmbnd?atécraugamhrm&cahprhd‘g ]p;ercent dpr?rOXIt de
eve erc erm ne er i fication
using 1.5 percent ?’ger&g‘%’“{ e3pLong ¢ ?fPfeH’ qg?é’?%l“@"%? gel is

det er mi ne¥® usi ng ASTM D  in stepA@porB). hod A, the disclosure of V\:hl ch I S
I ncorporated herein by reference. This 20 sanple had the |lowest starting
melt index and as such, after reacting with the hi ghest percent

per oxi de, woul d bd2expégirecess tbrlma/m'epdmtudniojIaa:ethy[merpelymegbévn(ghat IS,

Sur pri i ngl y. MBS ik bl Bods igh 4 D ahd e i Wbl BB, s g

still has | egseashred via AST 02265, Procedu@eA bﬁ/wmsslinkmg amm::msnc etbglenéimit for

this methgd). hévifidleks tidh 0.3y off1089 cdrBon bilfns'dAK Sy Wh'Ch
are peroxide Irra I O ave | es per cent
since all ot Hl!#l’amafrpms‘-éﬁotqused | ess peI’OXI de and/or had hi gher rrelt

i ndices (that is, |lower nolecular weight, neaning that there should be |ess

i kely gel for mation, all other paraneters being relatively the same).
- 44- 13.  The process according to Claim 12 wherein the ethylene polymier

subjected to crosslinking is a linear or substantially linear thermoplastic

20 homogeneous ethylene polymer having a single melting peak between -30°C and
150°C, a molecular weight distribution less than or equal to 3 and a SCBDI greater
than 50%.

14.  The process according to Claim 12 wherein the crosslinked ethylene
25  polymer has a weight average molecular weight greater than 30,000 and a meit flow
ratio, l4¢/ I, of at least 7.0.
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WO 97/ 32922

PCT/ US97/ 02996 Exanpl e 15: Conparison of the Effect of Radiation
and Peroxi de Modification on - Profile Extrusion Tabl e
16 shows data obtained on profile extrusion of refrigerator door gaskets
S using Sanple 1 nodified by [err] particle bonbardnent, [err] particle
(that is el ectnwpBomse2 bean) bonbardnent, and peroxide. |In eeeHsFiR®s

Sanmple 1 was nodified to-reduce its melt index to 10. For [err]
particle bonbardnent Sanple 1 was exposed to a 2 Mad dose of [err]
radi ation froma [err]Co source, for [err]lphdicle bonbardnment Sanple 1
was exposed to a 2 Mad dose of [err] radiation in the formof an
el ectron beamand for 10 per oxi-de nodi fication Lupersol 130 was nelt
processed with Sanple 1 as described above for Exanples 2-12 in an
amount sufficient to reduce the nelt mdFlGj‘ﬁm e 1 to 10.

Tabl e 16 Cross- M Density Mlt put Li ne- Shear
Sur face Enough | i nki ng (g/cc) Tenp (I'b/hr(kg/hr)) speed
Rate ([err]) Q,Ia|i1t°\45 Mel t Agent ([err]F([err] Q)
(ft/mn(mmn)) Strength . 10 . 88 9 43)
90.0 (40.6) 51.9 (15.8)F 6226 Accept a'B‘PQe"HE”-c""ss"?s"“s“ylbf"‘?%ﬁ'a
250(121) 92.6(41.7) 54f0Q (16.5) 6485 Slight M* Yes [err]

10 0.88 290( 143) 8'&9 8) 50.8 (15.5) 6101 Acceptable Yes
[err] 10 0.88 250( 1§Y)v 86.6(39.0) 49.9(15.2) 5994

Acceptable Yes®

6068 Accept ab% 196'?
c

(17.1) 6724

A10 oras 295 (146) 87.7 (39.5) 50.6(15.4)
: Re@a, .1%y. 0.88 260 (127) 97.2 (43.7) 56.0
ceptapl e Yes 15 ‘AAVw *Slight nelt fracture (M) in

die lines. “dirnougib i), gth neans that the nelt strength
was sufficient @ hold 00000 ooéob e of the extruded profile after
the pol ymer exi @&d the gxtruder dre. °°oﬁ; N4 This data shows that

hi eved for a given %ga rate, 20 surface quality
rsing different crossli nia ag agents to rheol ogy
not possible to extrude a ofile using unnodified
had too little nelt strend®h to hold a profile.

simlar throughgut is a
and nelt streng

nodi fy Sanple 1. It was
Sampl e 1, since i

The conbi nati on of the pigh shear rate, surface@;ual ity and line
speed with enough nelt ptrength is particularly Erprlsmgfor a
pol ymer free of external processing aids as in this cas®, The

Table 16 data also illuftrates that the advantaes of thli i nvention are
provi ded at differ 3@#2nE atpferepuloss -eambsipgud de processi ng
par anet er 1o-1 1e+0 1e+1 1e+2 1043 1e+4 1e+5

' Shear Rate (s"')

v SM8400: 9MRad, 4.7 | 519.21 49/l 5 , 0.8717 g/cc
4 SM8400: SMRad, 13.31 5 13.5l45 15, 0.8731 g/cc
o SMB400: 2MRad, 25.41 , 8.1144 /1, 0.8726

o SM8400 Control: 32.21 5,7.21,/15, 0.8727 gcc

nanf1{1y) )"

SM8400 Control:n, =2459,T , = 0.004216, a= 0.5974
SMB400 2MRad: v, =3845,7 o= 0.0170, a= 0.5189
SM8400 5MRad:n,, =9599,T o= 0.1190, a= 0.4838
SMB400 9MRad:n,, =28077,T,= 0.6232, a = 0.4984
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wi ndow, allowing nore flexibility in extrusion conditions.
- 45- WO 97/ 32922

PCT/ US9.7/ 02996 Al t hough the i nvention has been described in
consi derabl e detail through the preceding specific enbodinents, it is to
be understood that these enbodinments are for purposes of illustration

only. Many var iyd é3gand nodifications can be nmade by one sSRCT/USNORIN6t he
art without departing fromthe spirit and scope of the invention.

2/4

FIG.2

1e+5 Ve. Dotted-Lines: Cross Viscosity Model Fits

L) L4 'l“'ll’

B 4
> 4
p'd

1e+4

L] "T'IUTI

.
e

1e+3

Log (viscosity) (poise)

e L § 'II'_'"
B

1042 P EPETIT BEPEPUTITY EEPEPPITN RPN PP RPN
1e-1 1e+0 1e+1 1e+2 1e+3 1e+d 11exd
log (frequency) (Hz)

v HM1100: 9 Mrad , 0.351 5, 17.41 4/ 15, 0.882 gicc
A HM1100: 5 MRad , 2,515, 1.3, /15, 0.881 g/cc
D HM1100: 2 MRad , 9.2l,, 801, /1 , , 0.882 g/cc
© HM1100: Control , 16.31 5, 7.11,4/1, , 0.883 g/cc

n=n (1+{TgY By

HM1100 Control:n,=5690,7, = 0.008591, a= 0.6157
HM1100 2MRad: v, =10727,T, = 0.0609, a= 0.5144
HM1100 5MRad:n,, =50509,T, = 0.7630, a= 0.5157
HM1100 SMRad:n,, =181027,T, = 4.3939, a = 0.5395
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-46- 1.

t hernopl astic
t her nopl-asti c et hyl ene
than 3.0, a density in a

pol yrer

A process for inproving the processability of a
et hyl ene pol yner conprising treating at |east one

havi ng a nol ecul ar wei ght distribution |ess

WO 97/32922 PCT/US97/02996
3/4
00
0.5 |
g 10 r
& :
3 -1 -5 -
20 L
e Virgin ITP Resins
25t %A
L 7
L Ve
.3.07. lllllll.lllllllllj
3.0 35 4.0 45 50
log (o) (Poise)
e Y- irradiated SM8400
s Y-irradiated HM1100
Virgin Resins ¥ -irradiated HM1100:
log (To )= 1.0663 x log (v, ) -6.1242 log (7o)= 1.9755 x log (n,, ) -9-3570
r2: 0.9427 r2:0,9732
v~ irradiated SM8400:
log (To)= 2.0146 x log (n, ) -9.0780
r2:0.9820
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range up to 0.94 g/cnferr] and a Conposition Distribution Branch |ndex
(CDBI) greater than 50 percent with a crosslinking agent in an anount |ess
t han the anount which woul d cause greater than or equal to 0.5 wt% gel
formati on as neasured via ASTM D 2765, Procedure A under nelt processing
conditions wherein the process satisfies the condition (1), (2) or (3) as
follows: [err]lwoomeeherein [err] and [err] are the viscositirex/usyeoss
nodi fied polyner in poise neasured at 190 C and shear rates of 0.1 and 100
radi an/ second, respectively, [err] and [err] are the viscosities of the
unnodi fied polyner (i.e., the "virgin" podyhd) in poise neasured at 190 C
and shear rates of 0.1 and 100 radi an/ second, respectively, x is a nunber

having a value of 0.50 and y is a nunber having a val ue of 0.10; [err]
47

FIG.4

9m Rad
20 |
[ Melt Strength after irradiation (dotted line)
| Db(0): 5403.0874615698
= - b(1): -2289.7815027027
S 15 b(2): 242.6401271572 . 5m Rad
{ <0
-.'gs’ - r2:0.9838605575 R 4
@ ' 3
Z10}
-
5 } Virgin Resins Meit (solid line)
r2mRad  \ @ .o b(0): 1551.8768118055
[ g b(1): -671.3056466258
L o .. . b(2): 72.5904366275
0tllll|llll. 1 i rz:.o-mzam
470 4.75 4.80 4.85 4.90 4.95 5.00
Log (M,,) [GPC M ]
® SM 8400 (+Mw Shifted SM1300)
8 HM1100 (+Mw shifted HM1100)
O Irradlated SM1300 :
O Irradiated HM1100
— virgin fit Regr
----- modified fit Regr
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wherein log [err] and log [err] are log relaxation times of the
rheolOgy nodi fi ed .polynmer and ‘the gol.ymer. prior-to nodi fi cat.d.on,,
respectively; or (3) ! ‘”NB[err] > NB[err1*+w0 5 £N: mhére|n
MS[err] and MS[err] are nelt streéengtths in,tN at 15Q, C of the rhaolégy-
nodi fi ed pol yner and the sane polynmer prior to modi f-i i es’éctlvely
2. A process for the preparation of an ethyl ene olyner havi ng

ol ecul ar wei ght distribution |ess than 4.0 and Iess

as neasured via ASTM D2765, Procedure e; _ a& g osslin g"e"ﬂiﬂmnmrl gel

et hyl ene pol yner having | ess than 0. 30 unsat urat i orf/ 1600" cat bon .
atons, a density in the range from0.85 to 0.94 g/cnferr] and a Conposition
Di stribution Branch.l ndek ptacess fomimuroeingtthepracegsabdign of aithermoplastic ——
crosslinking agent. 3. The process according to Caim?2 wherein

the ethyl ene pahygRe p'iJW?h@fCéd?ﬂpﬁQn? 'tr‘é%ﬁhg '&lﬂé&t lohedhbiriéplastis efyltieanti al |y
| i near thernnplastlc honngeneous hyl ené pol yner having a single nelting

eos than or digtunet hayRg'a alecildr eﬁﬂt‘?%%ﬂ@h@ﬁié 50 YR e o

Claims 1 to 3 \/\herel n the crosgl I nked et hyl ene_pol ynmer has a wei ght aver age
nol ecul ar wei gBNggUPod- 94 lgam enqi)gcﬁqmoaltlﬁe@lsmbympnzﬂraach ndex | of at
| east 7.0. :

((_DDBI) greater than 50 percent with a crosslinking agent in an amount

less than the amount which would cause greater thén_or equal to 0.5 wt%
-~ gel formation as measured via ASTM D 2765, Procedure A under melt

processing conditions wherein the process satisﬁés the condition (1), (2)

or (3) as follows:

M ogneMlognartx  (V)and

- log Moo < log Myge’ + ¥ V)
wherein 194" and 144" are the.viscosities of the modified polymer in poise
measured at 190 C and shear rates of 0.1 and 100 radian/second,
respectively, ng ;' and nqqo" are the viscosities of the unmodified polymer
(i.e., the "virgin” polymei') in poise n‘iéaéured at190 C and shear rates of
0.1 and 100 radian/second, respectively, x is a number having a value of

0.50 and y is a number having a value of 0.10;

) log 1" = log " + 0.1 )

T 4T
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48 '_ . 5. The process according to any one of Clainms 1 to 4 -
wherein the et hyI ene pol ynmer subj ect ed.t' 6. crosslinking has a-density in a

trange up to 0.92 g/cnferr]. . o - 6.—1 » The processWGWS
wherein the polynmer subjected to crossli nk| ng has .a'density in the: rame,

up to 0.90 g/cnferr]. 7. The process accordi “ﬂ
Clains 1 to 6 wherein the ethylene polyner subjected tgmﬂmm“ ’“

~from0.05 to 1 long chain branches/ 1000 carbon atomns. . The
process accor 4 I'?eqe}n lo%qy’“ nd lgé r(?' a?é n@g ?’elé?atlon%eg of the rheology—modn" ied
polymer and the polymer prior-to modification, Tespectively; or - T
@ MS™> MS'+0.5cN (Vi)

wherein MS™ and MS" are melt strengths in cN at 150 C of the rheology-

~ modified polymer and the same polymer prior to modification, respectively.

2. A process for the preparation of an ethylene polymer having a
molecular weight distribution less than 4.0 and less than 0.5 weight % gel
as measured via ASTM D2765, Procedure A, by crosslinking a
thermoplastic ethylene polymer having less than 0.30 vinyl
unsaturation/1000 carbon atoms, a density in the range from 0.85 to 0.94
g/cm3 and a Composition Distribution Branch Index (CIDBI) greater than 50

. percent with a crosslinking agent.

3. Thé process according to Claim 2 wherein the ethylene
polymer subj_eéted to crosslinking is a linear or substantially linear
thermoplastic homogeneous ethylene polymer having a single melting peak

- between -30°C and 150°C and a molecular weight distribution less than or
equal to 3. | |

4. The process according to any_ one of Claims 1 to 3 wherein
the crosslinked ethylene polymer has a weight average molecular weight

greater than 30,000 and a melt flow ratio, I,/ |,, of at least 7.0.

48
AMEMNDED SHEET



‘the et hyl ene pol yner subjected to crosslinking has a Conposite

‘Di stribution Branch I ndex (CDBI): greate~r than .70 pércent ST
The process according to any one; of :Cl aj ma 1> 't0-8 M? and

.y equals 0.01, the log rel axation trne Ivs |ncrease “ﬁ"nﬁ amount in the

range fromO0.2 to 6.0 units and/or the mel t strengt mmHmHIr,m |s49

| nproved by 40 percent.
10. The process according to any one of Clains 1 to-9 Whl ch satisfies all

three conditions sgeci f*tfﬁgf'(sacvﬁgsaéd@o?dmg to any one df. Clai®1 B 25faseiccor ding

to any one of Cains 1

the ethylene polymer subjected to-crosslinkinghas a density in a rangeup

to 0.92 g/em®.

6. The process according to Claim § wherein the polymer

subjected to crosslinking has a density in the range up to 0.90 g{cm3.

7. The process according to any one of Claims 1 to 6 wherein
the ethylene polymer subjected to crosslinking has from 0.05 to 1 Iong

chain branches/1000 carbon atoms.

8. The process according to any one of Claims 1 to 7 wherein
the ethylene -polymer subjected to cfosslinki'ng has a Composite

Distribution Branch Index (CDBI) greater than 70 percent.

9. The process according to any one of Claims 1 to 8 wherein x
equals 0.7 and y equals 0.01, the log relaxation time is increased by an
amount in the range from 0.2 to 6.0 units and_/of the melt strength of the

polymer is improved by 40 percent.
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_ the crossllnklng agent is a heat-actjvated crosslinking agent.
12. Th&,pmeesmr Ing to any »ofve oh" Clai‘ms 1 to,10 wherei.n t.he -

crossl i nki n atlon L Ly 13 The proeess aaCdOI’dI ng to
any one om ﬁﬂ‘ﬂ‘ﬂ‘ﬂ wherein the at. ] east orne. t_her rrnpl astixc éthyl ene

pol ymer y I|near et hyl ene pol yner .
process accordl ng to any one of Claims 1 to 13 further

= %14 The-
conpri sing bl endi ng _

“at | east one unnodified polynmer with the rheology- nodified polyner.

iinpr.TQ.enSr“ess ofere ﬂ%é&%@%ﬁ?ﬁﬁdﬁ{s&g hyBad of Giaimentie.athian o

et hyl ene pol ynme oaterrperature swtablefor nelt -

processi ng: satlsf ies all three conditions specified in Claim™.
AVENDED. SHEET

-

1. The process according to any one of Claims 1 to 10 wherein

the crosslinking agent is a heat-activated crosslinking agent.

12.  The process according to any one of Claims 1 to 10 wh‘efein

the crosslinking agent is radiation;

13.  The process according to any one of Claims 1 to 12 wherein

the at least one thermoplastic ethylene polymer is a substantially linear

ethylene polymer.

14.  The process according to any one of Claims 1 to 13 further

- comprising blending at least one unmodified polymer with the rheology-

modified polymer.

15.  The process according to any one of Claims 1 to 14 further

comprising:

(@) heating the.at least ohe thermoplastic ethylene polymer

‘to a temperature suitable for melt processing;
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(b) rrelt processi ng the heat ed 3ol yrrer o (c) forming the-nelt
processed polyner into a shape and. Cot " (d) .all owi ng:- the—»shaped

. polymer to An et‘hyl ene: pol yner. havi.ng | ess =than 0.5 wt%
gel as zm“mzul II"MHH"E?GS ‘Procedure A’ a Conpdsition Di strr buti on
Branch | ndex ( gr eat er t an.50 percent, a density i’ the range up-to

0.94 g/cn[err] and a nol ecul ar’ wei ght distribution | ess than 4.0, which is
characterizable by at |east one of the follow ng equations: [err] K<

MS[err] - 72.079 x (I _og e'rﬁéll)r.[;r%'é !Bsrngt ?ﬁeéfeéfc(%é'&&% I\/[err] ) -1539.5

(Irr) wherein [err] |s ezeros ear 'of tEe pol yner, f[Srrl]
is the viscosity of th asured at 190 C and _a shear rate o

radi ans/ second, [err] (ch fm'%% meitRrocegseshpoivRier intoa shape ard e G
100 radi an/second, [err] is the relaxation tine of the polyner, Z, is a
nunber : (d) allowing the shaped polymer to cool, :

16. An ethylene polymer having less than 0.5 wt% gel as
measured via ASTM D2765, Procedure A, a Composition Distribution
Branch Index (CBDI) greater than 50 percent, a density in the range up to
0.94 g/lcm’ and a molecular weight distribution less than 4.0, which is

characterizable by at least'dn_e of the following equétions:

Z < (log o1 - 1g Mr00)0g M4e0 W

log ©o = m-log (no) - b (i1
K <MS™C. 72,079 x (log M,)? + 666.28 x (log M,) - 1539.5 ()

wherein 7, is the zero shear rate viscosity of the polymer, 7 4 is the
viscosity of the p-olyme_r meé'sured at 190 C and a shear rate of 0.1
radians/second, nqq iS tne viscosity of the polymer at a shear rate of 100
radian/second, Ty is the relaxation time of the p'olymer, Zisa nnmber
having a value of 0.30, m is a number having a value greater than or equal
to 1.070, bis a number 'having'a value less tnan or equal to 5.950, K, is a

S1SOC

number equal to 0.50, M is the meit strength of the polymer in cN

measured at 150 C and M,, is the weight average molecular weight of the
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; havr ng a vaI ue of 0.30, mis a nunber havi ng a val ue greater than or equal -
“fo 1.070, b.is a nunber having a: vaiue léss 'than or ‘equal to_ 6. 950 'K, is a

aumber equal to 0.50, MS[err] is the nelit strength of the poiy i'n cN

~ ireasured at 150 C and Merr] is the wei ght average -nol ecul ar werght« of the-
51 pol ymer and i s obtainable by the process actordi ng-to any -one
of Clainms 1 to 15. 17. The polynmer according to Caim 16 having

a Z value equal to 0.34, an mval ue greater t han or equal to 1.080, a b

| \{gl ueTlhgsi)olt r;ﬁ;ebr acc%’?‘grsl %6@5%8%08% ﬁ’aﬁ?ﬁﬁ&cﬁgﬁ%%@“\é&ﬁﬁl {daims 40, an

m val ue greater ot{]gn or equal to 1. 090 a b value less than or

17.  The polymer according to Claim 16 having a Z value equal to
.0.34, an m value greater than or equal to 1.080, a b value less than or

-equal to .5.900 and/or a K value of 2.00 cN.

18.  The polymer according to Claim 16 having a Z value equal to
0.40, an m value greater than or equal to 1.090,a b value less than or

equal to 5.800 and/or a K value of 4.00 cN.

19. The polymer according to any one of Claims 16 to 18

satisfying at least two of equations (0, (i) and (11).

20. The polymer according to Claim 19 satisfying all three of

equations (1), (Il) and (1lI).

21.  The polymer according to any one of Claims 16 to 20 having

~ adensity in a range up to 0.90 glcm3.
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1 equal -to 5:800 and/or a K val ue af #, 00 gN. , .. 19 The polyner =
i accordi ng to_any-one—ef G—arns 16 T 182 sat i sfyl n;g - | east,wo, of, R

. equations (1), (I 3 120 2 The* pol ymar aacch,r,c’h'{lgqt o G aim
19 satlsfyl M'i‘llﬂgl“ﬂm duatlorrs (17! (F1) and(III) 52 7L, 21,

i The pol yrrer ane of Claims 16 to 20 haV| ng “a‘density in a
. range upt009 gcrr[err] .

52 An internediate for rrakl ng nol ded arti cles
. conprising at - 22. ~ An intermediate for making molded articles comprising at

least one thermoplastic ethylene-polymer having a density in'a range gp = ——
to 0.94 glcm3 and a CBDI greater than 50 percent treated with a
crosslinking agent in.an am-ount. less thah sufficient to cause the formation

of 0.5 wt% or more gel under melt processing conditions and yet sufficient |

to satis'fy"the condition:

(1) logno ™2 log o'+ x (V) and

l0g N1ea™ <0G M0’ + ¥ 1)
'wherein Mo+ and oo™ are the viscosities of the modified polymer in poise
measured at 190 C and shear rates of 0.1 and 106 radian/second,
r_espectivély, To4 and nq' are the viscosities of the unmodified polymer
(i.e.', the “virgin” polymer) in poise measured at 190 C and shear rates of
0.1 and 100 radian/second, respectively, x is a number having a value of

0.50 and y is a number having a value of 0.10;

(2) - log tg" 2log 7o’ + 0.1 _ (V1)
wherein log t," and log ," are log relaxation times of the rheology-modified

' poiymer and 'the polymer prior to modification, respectively; or

(3) MS™> MS'+0.5cN B )}
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t.east-.--"o.ne t her no Iast_ig;ethyl_eqe pol.ymer having a densr ty in a range ZUp to
0.94 gl/cnf eFT]’E%:I—E CBDI greatier’ ffan 50 percent tredted wifh,g =, —— -

crossiinking Imuum“l?re [ ess than sujfrcr ent t.0.2 cause.,t:he tormat ion ..
of 0.5 V\t%or‘mg““! |t processing condi'tions®and yet - 'qyfficient -
to satisfy the*cdnditti 8n:® [err] wherein [err] and Tért] "are the -
viscosities of the nodified polynmer in poise neasured at 190 C and shear

rates of 0.1 and 100 radi an/second, respectively, [err] and _[err] are t he
vi scosities o gmcg
poi se rreasureBVHé}& 9 C a@dﬁ@%?t%% strér’(rjgtﬁsgt &lgaggl\gf%g O?é%é) &Hog‘g%n%
respectively, nber I n val ue o and y is a nunber
havi ng a 'val ué“%(#lfgﬁpgﬁmer[aé}cft}{r s%K’i‘l"eP@ ymerqyiarde mogificationy respactiveliir e rog
rel axation times of the rheol ogy-nodified polyner and the polyner prr or to
nodi fi cati on, aftes thstmterme,draterrs proq‘eS)sed under meitprcelsinyRioaditions. 0. 5
(V1)
23. The intermediate of Claim 22 wherein the intermediate
comprises at least one thermoplastic ethylene polymer in the form of

pellets that have been sprayed, coated or admixed with a heat-activated

crosslinking agent.

24.  The intermediate of Claim 23 wherein the heat-activated
crosslinking agent is present in an amount in the range from 0.30 to 1.50
equivalents of the free radical generating component of the crosslinking

agent/1000 carbon atoms.

25.  The intermediate of any one of Claims 22 to 24 wherein the
at least one thermoplastic polymer has a density in a range up to 0.90

glem®.

26. A process for using an intermediate to make a rheology-

modified polymer which comprises:

i pg
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,53 _wherein MS[err] and MS[errk are nelt strengths in cNat 150 C .
of the rheol ogy- nodified pol yner, and The sarre pol ymer_ pri (] g A E

Jrodi ficati on fter the J-nt er*madl ates: \pr ecés&ed Wnder nel t
“processing c mﬂﬂmslmﬂml" l"r ‘The internedi-ate ‘of Cai’ni22 wherein
the intermedi ate ¢ cédnpri sés at | east one thernopl astic éthyl ene polyner in

the formof pellets that have been sprayed, coat ed or adm xéd with a
heat - acti vated crosslinking agent. : The internediate of

Claim 23 wherein the he t r in an
amount in the range froﬁ)o%ti{'@ %q%#i og'% 'h/élﬁ%@g&%m(e&ﬁéFé%%Fcal
generating conponent of the_crosslinking agent/1000 carbon atoms.

25. The-internediate of and? ¥néd @ﬁa@emn%atyze sgitabje faemeitpreerssing; ~ ——

(b) melt processing the heated polymer of step (a);
(© forming' the melt processed polymer 'of step (b) into a
shape;-and

(d) allowing the shaped pblymer of step (c) to cool.

Ol
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at |east one thernoplastic polymer has a density in a range up to Ol8YHI67-6
g/cnferr]. . 26. A process for using an internediate to nakd&0% Py +
rheol ogy- nodified polynmer which conprises: . IPER & ANNIEXES
54 (a) heating at |east one internediate of any one Qfge=fl ai N

22 to 25 to a tenperature suitable for melt processing; (b) nigHEg
processing the h pol yner wodip OA)L. PROPERTY ORCANIZATR® t he e NG
pol yner of step :E into a shap &4y By 31 | owi ng t he shaped
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