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Technical rField 5 The invention relates to polyeth Iene

bl end conﬂﬁ%ﬁ&ﬁﬂﬁﬁs conpri si ng branched ethyl ene cop G%?ﬁ%%

I ncorporated for inproved physical properties.

Background Art 10 Et hyl ene copol yners are a wel |l -known cl ass
of olefin copolyners from whi ch various plastic products are

Fher momoi ded.ar ¢ AP ML SHENG TR pOL IR v YR SONRGRITIS ¢

pol ynmers used to prepare these articles are prepared from et hyl ene,

optionally with 15 one or nore additional copolynerizable nmononers.
Low density pol yet hyl ene ( Teghical Fiedd.pr oduced by free radical
pol yneri zation consists of highly branched pol ynmers where the
br anchés occur randonml y throughout the polymer, that is on any

nunber of forned e t
processi ng, that ﬁgggﬁ(;’l %’?%’?IS ré’lmﬁ {Iz)t img' eélr?e éﬁgr g‘éegs‘%@él nkﬁmg‘ﬁﬁv% umes
at low 20  pranchétRethylehdgofiolymbéfdhcdiponateddor iraprdved plagsidab properties.

processi ng, for exanple extruders and filmdies of various
configurations, was designed into product fini shing manufacturing
processes with optinmal design feat Wﬂ t he processing .
characteristics of the LDPE. 25 _ However, with the advent of
ef f ectjigve coordi nation catal ysis of ethylene . copol yners, the

degree of branching was significantly decreased, both for the now

traditional Ziegl &Ethyleng aomlmbsne‘ecmp@ﬂm class Dﬁela!ﬁ@l/\mpomm frooene
t al d eth larJ t.al |
Copol yrrar s. - Which Vartous DA pEpdua s rponsst SPg Hedber e B fess

dlfflcult to Qﬁ?ﬁ’ el 20 Shir [ ripRait i on
(PDI Merr] %r ?]h& re e&r r c%g s}l\ll‘éllz t aver age ok éyoﬁ egﬁ ar
wei ght and Mpelyniers sseduoipespare/ thesgarticizs ara prapareé frgit éthy}enqmpnomﬂy witlan

15 one or more additional copolymerizable monomers. Low density polyethylene

(“LDPE”) as produced by free radical polymerization consists of highly branched

. polymers Where the branches occur randomly throughout the polymer, that is on

any number of formed segments or. branches. This structure exhibits easy

processing, that is polymers with it can be melt processed in high volumes at low

20 energy input. Machinery for conducﬁng this melt processing, for example

extruders and film dies of various configurations, was designed into product

finishing manufacturing processes with optimal design features based on the
processing characteristics of the LDPE.

25 However, with the advent of effective coordination cataly;is of ethylene
copolymers, the degree of branching was significantly decreased, both for the now
traditional Ziegler-Natta ethylene copolymers and the newer metallocene
catalyzed ethylene copolymers. Both, particularly the metallocene copolymers,

. are essentially linear polymers, which are more difficult to melt process when the

30 molecular weight distribution (PDI = M,/M,. where M, is weight-average

molecular weight and M, is number-average molecular weight) is narrower than
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about 3. 3YOPBB®8Er oad PDI copol yners are nore easily proceygafysagisegh | ack
desirable solid state attributes otherw se available fromthe netall ocene
copolynmers. Thus it has becone de5|rablg to devel op effective and efficient
met hods of inproving the nelt processing of olefin copolynmers while
retaining 5 desirable nelt properties and end use characteristics.
The introduction of |ong chain branches into substantially linear olefin
copol yner s dtmt 3¢5n Thios droaddPDD copglymers greanersséasidy phovesseti it thih dackof t he
polymers. Such has been done using netallocene- %@halyzed pol yners where 10

si gni fi cantdesirabler sobid stats  aitribagesy atherwiser Availphle, ofrime the mietalloceneuced
during the

5 324, 800. e lyrfxer]s | n% héabéé)oqné %gﬁ}ag?gu%te 18@%?8‘#%%; ne?ggﬁ becone

" macr ononongethodd of mﬁi@&& m@hCprocessing of olampabpdlﬁnm while P&tainthg Nsert ed
W th ot her cop olﬁclmarlzab e nononers to formthe br anched

copol yner s. desirableimelt propartiep and endiusecharacteristi¢nn 7930 addr esses 15
advant ages of including |long chain branches in polyethylene from

I ncorporating vinyl -term nated nacroners into pol yethyl ene chains
where the nmacr onghé ih@Yduction of long(‘éﬂafd [ ﬁfdv'lsﬁﬁstéﬁ'ﬁﬂaﬁfﬁtl&egf Rfsl than
3,800, -or, in other words contain 250 or nore carbon atons. This

docunent dempolymersahasabgm ebasryed ftobimprove processingocharaatéristiestafditenyl and
bi scycl ope I en oceneg as syitable in 20 ccorda ce wth
the invent .Bﬂ!’&m&y a{{{a’% E“B’y eng pememe afﬁlﬂef;n?‘g

conmpgyinds
U S. wpatenltogég%mg% “%% Jéf&eg%a@g escr?el:a)’jézluﬂQ sta qeddfmn%ar :
et hyl ene qug&ymeazamiumheaanmsaSele t eghalie Suppatent a5)824,3C0. I The dtéfimcnllyr anches

per 25 1000 carbon atops. These pol yners are described as_being
prepar ed wi {faturated po Iymss rbaips| capheeeme S HIACTOMOREICLS AT FRACKPMENSE nd,

pol ymer i zat egxg bFXx? e re-ﬁﬁgxqecf‘%th %ther cogpyﬁ?e?'ﬁ%glgﬁ%ﬂﬁé}s & f&ﬂs ghat ent

5, 026, 798. s sard e us y of
fabricated mmuédes:opaxinﬁss a q&mﬁm | publlicgtivis WO ho407930 PaldydsBess .

EP- Aiso 659 Zd73 Al descri bes gas phase ﬁr ocess using netall ocene catal ysts
sai d vantages of including long chain branches in polyethylene from incorporating
vinyl-terminated macromers into polyethylene chains where the macromers have
critical molecular weights greater than 3,800, of, in other words contain 250 or
more carbon atoms. This document describes a large class of both
monocyclopentadienyl and biscyclopentadienyl metallocenes as suitable in
20 accordance with the invention when activated by either alumoxanes or ionizing

compounds providing stabilizing, ndncoordinating anions.

U.S. patents 5,272,236 and 5,278,272 describe "substantially linear"

ethylene polymers which are said to have up to about 3 long chain branches per

25 1000 carbon atoms. These polymers are described as being prepared with
monocyclopentadienyl transition metal olefin polymerization catalysts, such as

those described in U.S. patent 5,026,798. The copolymer is said to be useful fora

variety of fabricated articles and as a component in blends with other polymers.

EP-A-0 659 773 Al describes a gas phase process using metallocene catalysts said
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to bé sui’_!vé)o?s@‘?q;r produci ng pol yethylene with up to.3 | ongPCRAISA8MRSMMChes

per 1000 carbon atoms in the main chain, the branches having
greater than 18 carbon atons. 3. 5 Reduced nelt
viscosity polyners are addressed in U S. patents 5,206, 303 and

5,294, 678. "Brush" polynmer architecture is described where the branched
copol yners have side chains, that are of nol ecul ar w?i ghts ,that [nhibit
Qe ©

ent aEgI ementto be %uﬁebbaf@km@?cmapwyeﬂaﬂ@e With Apriovd %Pérb&ﬂ&hﬂﬁnp%ul ar-
ont angi emen 09p Eatodbudils BEwie A, i, S brdOhics g iChSat flah g Budoll,

polyners il laushg.at ed are I sobut yl ene-styrene copol yners,
cal cul at ed ent angl enent nol ecul ar wei ghts for et hyl ene pol yners
and et hyl ene- propyl ene copol yners of 1,250 and 1,660 are provi ded.

Conb- 14 ke pol f_ethyl d | pha- ol.ef i-ng, i N
10103100 car hon Redhed mRltcRtmely olars of sldfsdite US, pdltsF0g 23
pol ymers ar endds,294, 698, CHBYuSE" PlyniiCaréiRédntie S EdsEb&D WiRRH tHe BranelideT

al pha-ol efi ns which form.the si de branches. | nprovenents iIn
end- use promepolyeers shave asklef chaihs| thmt amet adfhewlemlar weights thatminhibkit ons
are taught. limtatign with the pqlyethyl ene

conposi ti on§nﬁﬂng’feﬁé¢nﬁrqfdheahaf’k¢%"°t ehain. olhese branch, wveight-avergge Jaolseylar |

ease of nel i ﬁ:ri%di e | -8 D REB ties,
can be i npr tg‘\’/éei%&\%\n%?% dtg e | nttgoq{(f u@?&og'%g??g%c%h%{]y Wf tlﬂéh epﬁ?ﬁ@%@?ﬂ

the ridl ecul anoleailghtwelglitt of lthe iside dfandheéss UTleshghy theh polymieysliilmstratadt ¥rd Ndex
(PDI) tends to increase with increased_ branchi ng even_ though the

mel t st r engtispbubfensstyrene copolymgss,| caleylefgd ontangismensi malecwlgr weights fomal

LDPE. Typi t ' - CESSiACL ' endi n
i er ent mEAshe, oLyl B8 Sebenc propylth “EhBlyatkrf 3T, £23 RS b f"G, "
i nt roduci ng prgvitdedis Coibdlile $dlyRiersitdthplehd bid longer alpha/didfine! R fom

copol yners. Accordingly, it has been generally thought that the

advant ages df toH&0 \GLULS, mdﬁcﬁbegtheS-wtmﬁﬁ &Jéndhe polyimers srenceded

1 ok e i

side branches. Improvements in end-use properties, such as for films and adhesive

compositions are taught.

A limitation with the polyethylené compositions of the prior art is that

20 though the processability, ease of melt processing or increase in shear-thinning
| properties, can be improved with the introduction of branching in the polymers,

the molecular weight distribution as measured iay the polydispersity index (PDI)

tends to increase with increased branching even though the melt strength remains

well below that exhibited by traditional LDPE. Typically the improved

25 processing was achieved by blending different molecular weight polyethylene
copolymer components or introducing various levels of branching into
polyethylene copolymers. Accordingly, it has been generally thought that the
advantages of the narrow PDI made possible by metallocene catalysis needed to

be sacrificed, at least in part, if improved melt strength polyethylene copolymer

30 compositions were sought.
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The invention is a pol yet hyl ene conposition conprising branched ethyl ene

Summary of the Invention

5

copol yrmer WO 89%Hnposi ti on having a pol ydi spersity index obci/esssgbe or -
3, an average branching index (g') as neasured by GPC/ Vis
> 0.9, and a nelt strength (M) 4(centipoise, 190 C) that satisfies
the relationship.

equal to

3.0 [ THIS SHEET HAS BEEN MB [err] +
4.5. RTPLACED Melt I ndex (2.16kg/ 190
[ err] G236~ ~—-a--a~gr ef erred enbodi ment these pol yet hyl ene conpositions

conprise A)
pol yreri zat i
optionally,
essentially
0.935 g/cnfe
(2.16kg/190
sacrifPcing
exhi bi ted by
conposition
the A) branc
essentially
Brief Descri

for blend conpositions accordiq§ o th
nmet al | ocene copol yners and traditi onaMeitMer’eqﬁg/yy@Qtyet hyl ene ( LDPE)

prepared by
10

15

20

25

branchéd ,ymers prepared by insertion
on of ethyl ene, ' S fipiteexiididt ai ni ng nmacr oners, and
addi ti onal copol yneri zabl e nononers, and B)

| i near et hyl ene copol yners having density of 0.900-

{ rl, | gﬂBlixéﬁnnﬁﬂ1Q5?{olyEﬂylai‘e cbmipositiondadingra pdlydispersitindex
err

phdessethani atseqal farosm average branching,indsx: @) s imeasyred by

0.3-7.5. Inproved nelt strength w thout

GHRTYHS0% 0 R B s PBEs 0, 0 g sy B 1

P@gﬁdyghwe-t hyl ene copol yners and 70 to 99.1 wt % of the B)
| i near et hyl ene copol yners. 20

ption of Figure : Figure 1 illustrates the nelt
strength (cN) values plotted against nelt ind3xp . (g/10m 190/2.1)

ear £54.5.

hi gh pressure, free radical polynerization.

In a preferred embodiment these polyethylene compositions comprise A) branched
polyethylene copolymers prepared by insertion polymerization of ethylene,
ethylene-containing macrdmers; and optionally, additional copolymerizable
monomers, and B) essentially linear ethylene copolymers having density of 0.900-
0.935 g/cm®, CDBI of 50-95%, PDI of 1.8-3.5 and an Melt Index (2.16kg/190 °C)
of 0.3-7.5. Improved melt strength without sacrificing the benefits of narrow
polydispersity index are exhibited by the invention compositions. A preferred
polyethylene composition according to the inventir;)n comprises 30 to 0.9 wt% of
the A) branched polyethylene copolymers and 70 to 99.1 wi% of the B)

essentially linear ethylené copolymers.

Brief Descrintion of Figire

Figure 1 illustrates the melt sfre_ngth (cN) values plotted against melt index
(g/10m; 190/2.1) for blend compositions according to the invention, linear
metallocene copolymers and traditional low density polyethylene (LDPE)
prepared by high pressure, free radical polymerization.

\
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Det ai | ed Description of the Invention The poI yet hyl ene
conpositiqgns of this invention conprise branched | ene
copol yrrerst’fé'Pﬁsﬁ bot h the copol ynmer backbone and pol yneri. CPC’évsy 02500

si dechai ns are derived from nonool efi ns pol ynmeri zed under coordi nat | on or .
I nsertion conditions wth activated transtion netal or
cat al yst conpounds. The pol m SHEET(W(ShBEE&
conprise ethylene, either alone or with other 10 I NSE FLLfonREPLACED

pol ynmeri zabl e nononers. Kno mRo S et "v§ &;ﬂtename ttre
Cerr]-Clerr] [err]-olefi ns%@&%v orerins and substituted
cyclic olefins, (Jerr]-Clerr] strenic olefins and substituted
styrenic olefins, preferably, |ower carbon nunber (Cerr]- C[err])
al kyl -substi t ut ed Thel polyethiylense compbsitions ibfs this emlvcntmnefcomnsanbtanc ed
Cerr]-Cerr] naII di sups uted eflns |s but. Iene
Et hyl ene hormﬁelyfﬂ’g?‘enﬁrc"%gg}mem g?é giqeae q‘\'sbaﬁkg

Thus, tygpical s&&ﬁn PolIREA a,],gg %
et hyI ené andk e%ﬁr#%o%g Ia%}{l com)ﬁlgﬁg?hﬁns pr e%'gr abfy 90 %%I %
et hyl ene and inskRioo|conditionsowith, acixdted riednsitivnl ynésl -organometailic S&atatpétdo

et hyl ene and 2-6 nol % conononer. The sel ection of conononer can

vary, for i nscompeunds. | onger ol efin conobnoner, such as 1-octene, may be
preferred 20 over a shorter olefin such as 1-butene for inproved

pol yet hyl ene fil mtear. : The si dechains can have narrow or
broad mol ecul ar weimHet pslymefit iddchains comprise dtifiéneRithbf elont/dy| with Jotherf or
exanple, from1.1 to 30 typically 2.8. deltlonally, t he

si dechd®ns camw plymerizable monomers: anmgmmefﬁ sneegng thls mmwm@et he

25 bgd
5,382,63002t 28 ““’?e% I§IG/§ EXF?J Sti&ﬁ’?f b%Qf%f &ﬁ@gfrnléif ﬁ&'FEs‘ snt
different nol %ﬁﬂib@f (ORCY hikyl-substituted 3RMORE of AP Elic aﬁiasstyﬁmcb&eﬂﬁ@,chnd

C;-C,s geminally disubstituted olefins, e.g., isobutylene. Ethylene homopolymer

or copolymer sidechains are both suitable. Thus, typically, the sidechains can
15 comprise from 85-100 mol% ethylene, and from 0-15 mol% comonomer,
| preferably 90-99 mol% ethylene and 1-10 mol% comonomer, most preferably 94 -
98 mol% ethylene and 2-6 mol% comonomer. The selection of comonomer can
vary, for instance, a longer olefin comonomer, such as 1-octene, may be preferred

over a shorter olefin such as 1-butene for improved polyethylene film tear.

20

The sidechains can have narrow or broad molecular weight distribution
(MWD=PDI=M,/M,), for example, from 1.1 to 30, typically 2-8. Additionally,
the sidechains can have different comonomer compositions, e.g., including the
.orthogonal compositional distributioné described in U.S. patent 5,382,630 (CDBI
25 >50%), incorporated by reference for purposes of U. S. patent practice.
' Optionally, mixtres of sidechains with different molecular weights and/or

compositions may be used.

The M, of the sidechains are within the range of from greater than or equal

30 to 1500 and less than or equal to 45,000. Preferably the M, of the sidechains is
\K .

//ﬂ/l/mn/nﬁi?iﬁii?“



The Merr] - of the sidechains are within the range of fromgreater than or

equal 30 to 1500 and |l ess than or equal to 45,6000. Preferably the
Merr] oWQ9B498echains is - WD 98/ 34985 PCT/US98/02500
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from 1500 to 30,000, and nore preferably the Merr] is from 1500 to 25, 000.
The nunber of sidechains is related to the Merr] of the sidechains
such that the total - weight ratio of the weight of the sidechains to
the total weight of the polyneric backbone se%rrents bet ween and
out si de t hefromcb100ci0a30:000; jand gnererpyefesatily the Mads fipm 1500 t@5,009; cFher abl y

4-20% Wi ght. here .i,s.determ P : . ogr aphy
(GPO) and cRERRFCHY Febme s FFiA oMo S18 @i ety than GRE GEERF 097 2P
The backbongeiohf ritRCHORE wdightyGoihl Gid@RARY tS thedfotal lweiphdt the Yolytieric

et hyl ene-contai ning polyneric structure, either honopol yner or copol yner.

10 O backbonp sdgymants betidieen and outside theyinearporatasisifiechainsis dess abl e
for the branches,. apbove, and jnclude [err]-ol.efins, gemnally
disub§titut%Q1%0IErF£eﬁéL(i%u§1¥0% Weight here o5, %Wé‘,l"dcﬁl gl oll"%ﬂeﬁtém’such as
cycl opent eng, .| | - ' RI) meASikraaémsnes, and
styrenic mﬁg%gx%g&giﬁqgg@g%ggﬁérgn 3%&%/‘:#’& dse'gti(Put %rc?e styrenes.
The macronmer and backbone may be of the same conposition or may be 15

constituted of differing nononer selection. The branches and hge backbone
may i nddbe reaskbong, «om basikbore Ralwmeric sggmsnts; (ar¢ JYpiFaliy, fan

essentially r pl . . Si Hgﬁ e ﬁ%?% yer I Si ng

t he et hyl eng@%ﬁ?%ﬁﬁ%ﬁn rpé)r%%lﬁgrséan t:IrQ, eﬂﬁ&ng{gc og}gfpéragg %olpggar ed by the
copollgner i z@ithe? Ncatfol@héridablee mdndiiers ahhy selected fromuthaseu suitable o therer s,
and optionally other copolynerizabl e nononers, the_ term 20 copol yner

here nmeans bearhesd abgve, modrinclyde woplefis, geminally diswbsiutad elgfing serhoae

or nore ethylenicall nsaturat ed mnoner c ' .

A 1 cat olrorBu e, HsR At uE o BARBN Y P Orish? ai pl v S sinted
lleast 40 wt podbrdenes,! MdIstyRehit"RionbBRes shélftasObtyidie BAd kdlkyle sabrtinitee

si dechai ns 25 toget her’. The backbone typically will have a noni nal

wei ght - aver siyeenes| Tbeimacromer and backbeng may(be| ofithg jame:copnpositionser masske  equal

to Or15gr eat g(rmsttirt]tixatgd gp gxlﬁbn'gg ’nqggdm;hs%lécggm The branches and the backbone may

independently exhibit ethylene crystallinity or may be essentially amorphous.
Since the branched copolymer, comprising the ethylene_-containing branches and
backbone, are prepared by the copolymerization of ethylene, terminally
unsaturated macromers, and optionally other copolymerizable monomers, the term
20 copolymer here means derived by insertion polymerization from ethylene and one

or more ethylenically unsaturated monomer such as listed above.

As indicated ab.ove the mass of the backbone will typically comprise at

least 40 wt% of the total polymer mass, that of the backbone and the sidechains

25 together. The backbone typically will have a nominal weight-average molecular
weight (M,,) weight of at least equal to or greater than about 50,000. The term

‘nominal is used to indicate that direct measurement of M,, of the backbone is

largely impossible but that characterization of the copolymer product will exhibit



nomnal is used to indicate that direct neasurenent of Merr] of the

backbone | argel y i npossi ble but that characterization of the
copol ynerwg)rgosgf}%%s will exhibit VO 98/ 34985 PCT/US98/02500
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measurenents of Merr] that correlate to7a cl ose approxi mate wei ght of the
pol yneric backbone inclusive only of the nonoolefin mer . _
derivatives and the insertion noi eti es of the sidebranches. 5

The branched et hyl ene c | ymers conprisjng the above si.deghai ns and
backbones wif %Pg‘eﬁfﬁfgg "é’ﬁreiﬂt% ‘?T"B’Fgél’%"t"x%ﬁ“%}ﬁe H’%fsi"’iﬂ@'ﬂ%‘ﬁﬁ ed by
GPC/ DRI as ' s he RS - I |

200, 000, DackBt Wtfusl ofI P (67 mmdidRI ity JfaROes Yol A0e Siiefién

The br anchedneietiys efthecitlebtapokess of the invention can be prepared by a

process conprising: A) copolynerizing ethylene, preferably with one or nore
copol yneri zabl e nononers, in a polynerization reaction under conditions

sufficdent to for vi ng ter % i nd- gr oup
onsat o ati on. prorb kiR BRYIR RS g iRl AR Sale PcEin Rt
unsat ur at i orpabkbones Will Ngpically | hie0di SM,Blréatd?Othaie 50,000 028 heeabiredusy of A)
with ethylene and one or nore copol yneri zabl e nononers so as to

prepar e t he GPEGMREds defiped fior the examplesc ofbe Wi typitally pam exceeed 200008) can

be usefully practi,c InA~a sol uti LQGESS in whi ch sai d ethyl ene
and, optionaé)*%féb&%ggg’baﬂﬂ%m#bo@r@'@gﬁ%'e nonomers, is -
contacted with a transition netal olefin polynerization catalyst activated
by an 20 al kyl al unoxane cocatal yst, the nole ratio of alum numto
transl@i on netal The branched ethylenk espolynrens eff thet in®@tich cabhiee prepared byl &

unsat urated copol yner popul ation so . formeq, with or wthout
separati on fR’B'rE)ﬁSEd'[S’&P g: pﬁa))&ggcglym QHVVnE’aP{f'?ﬁﬁgH with one or @oge; can

then be cop Bﬁrnl] g[% ' etk e n Ter i e,

a separate (rggéct I on wsté'lr{‘]ﬂ’ft | on,L’ rs?ﬁu?reogr g%%a%@gﬁhy Eeine biditifns
pol yneri zat isuffisieiith t@5form a cepolanier Vigdvirl tgreater tthan 4086 adhaim eadigrowp
-pol ynerization catal yst, particularly a cat al yst capabl e of

i ncor por at i rHPSENERNMRS Preferblyo greatss itham 6A%, angynestoretspably the ynsaturation e o
sai d fy énc heé%ir?é $ifnw gPo%B?;l B(f@c{p'olymerizing the product of A) with ethylene and one or

more copolymerizable monomers so as to prepare the branched ethylene

copolymer. The process step A) can be usefully practiced in a solution process in
which said ethylene ‘and; optionally, one or more copolymerizable monomers, is
contacted with a transition metal olefin polymerization catalyst activated by an
20 alkylalumoxane cocatalyst, the mole ratio of aluminum to transition metal being
less than about 220:1. The terminally MMmd copolymer population so
formed, with or without separation from copolymer product having only saturated
ends, can then be copolymerized with ethylene and copolymerizable monomers in
a separate reaction by solution, shurry or gas phase ethylene polymerization with
25 an activated transition metal insertion polyrherization catalyst, particularly a
catalyst capable of incorporating the unsaturation-containing ethylene copolymers

into said branched olefin copolymer.

Conditions sufficient to form the sidechain copolymer include using

30 suitable ethylene and comonomer reactant ratios to assure the described sidechain



Conditions sufficient to formthe sidechain copolynmer include using 30
sui tabl e et hyl ene and conononer reactant ratios to assure the described

si dechai n WO'98/34985 ol efin-derived unit constit utirCT/UEHIS00-
catal yst and pr ocess conditions conducive to formng the

unsat urginnsetatmmsenseeeh e t cachi ngs of .gcopendi ng provi si onal

applica ‘ > # 60/ 037323 filed 02/07/97 are specific to suitable
cataly ‘on and use to prepare macroneric copol ymer chains

L sy vinyl unsaturation. The netal |l ocene cat al yst
used in the glqﬁs dqnwﬂeparwmn@m Rinecatalyst and prom gondiiopneondypivato ng

macr oner can nt.i al | cat al

ol yrer | zat 1 pe obf i Epdf ik TRENEIEAnd of gopsnding, piidid°

i ncorporatio %ﬁ%ﬁbﬁkj SYSrSRB. 667097923%i1e@02/07V9 TRAERPEITRE td HAbRUaglyseN
capability. ose of |ow incorporation capability are typically those that
are nore 10 selectionsamst umtd prepanegroatrovhesic Qopelymallhamm achigh yildd o€, t hus
unbri dged and, s

particdl arl y‘%‘}}‘ %513 tug TB?Q‘?@‘I‘?EW%‘?&%? !he Siep A) &%E%L gt ©
5, 498, 809 angpf i!l%t“a Bﬁ‘-tcbﬂﬁﬁﬁn UhdrGrbd ¥ lypegs"e/n gﬂy?’?an? st capable of

94113715, describing neans o preparing vinylidene-

et hyl ene- 1- butsertion polymerizativmpof ythplene] it dandie gmeebapablaﬁeéhxghmmmhmer
t eachi ngs of ,copendi ng app]jicatjon U.S. 15 Ser. No. 08/651, 030 filed
21 May 1996, IRFOTROsation ¢ApaBiMifa:(seh Balow) gt e Jow comonomex dBB‘ffW@ gn

copol yners h f. Vi ﬁfah{g

Throughout tgéﬁégﬁs@rl P Fgﬁﬂa 0@180% &éiog‘dﬁgg&lﬁ he ﬁ Wc al n- engu 8
"termigal " Weefically esnges@diad thmatall cadrditiation ahe, tabe hinlridged 2ind rsabstimed
suitable for I nsertion_polynerization whether or not |ocated

preci sely at unbddgesimetallacene catapysts are partienlarly suitable. See also the teachingg of

DLt abl o ac BisnEaRat HRURE, b inbinaRgt BRLORORR WRBRE tel wo
prepar ed 94/13719%8&&&&3% idag§ opﬁie;saﬁﬁg %ﬁlexﬂ&d:ﬁﬁﬁiﬁatdd@hﬂeﬁdll&ﬁﬁﬁer red
nol ar ratios of al um num 2 Inth al umoxane acti vat or

net hyl al unoxap@y(m@hlgbmiéms&qadm,theteac gsrof aopendings apphipation; U IeveI

and, ‘st pr SFerHB1 PETApOSGHER T M 11, St e bl bt sy e ang

time of isobutyl&fCéd g&ﬁ:ﬂ&@%@mgﬁﬁgh 18RISEE PinlyRderR’ Aadtend ihsaftirftion.

generally within the n
Throughout the description above, and below, the phrase “chain-end” or

“terminal” when referring to unsaturation means olefin unsaturation suitable for
insertion polymerization whether or not located precisely at the terminus of a

20 chain. All documents of this paragraph are incorporated by reference for purposes
of U.S. patent practice. |

In a preferred embodiment, polyméric vinyl-containing macromer product

suitable as branches for a subsequent copolymerization reaction can be prepared

25 under solution polymerization conditions with preferred molar ratios of aluminum
| in the alkyl alumoxane activator, e.g., methyl alumoxane (MAO), to transition
metal. Preferably that level is = 20 and £ 175; more preferably = 20 and < 140;

and, most preferably = 20 and < 100. The temperature, pressure and time of

reaction depend upon the selected process but are generally within the normal

30 ranges for a solution process. Thus temperatures can range from 20°C to 200°C,
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ranges for a solution process. Thus tenperatures can range from20C to
200C, WD 98/ 34985 '

PCT/ US98/ YEP4985 . PCTAI598/02500
preferably from30[err]C to 150[err]C, nore preferably from50[err]C to
140[ err] C, and nost preferably bhetween 55[err] C and 135[err]C. The
pressures of the reaction generally can vary from at nospher.iic, to
345 MPa, preferably to 182 MPa. For typical solution reactions,
tenperatures will _typi caIL range fromanhient fo ZSQberr C wth pressures
5 f r onprafesatlyitrom 3870 g0 NP C.rmere praferablysiremnd L to, AW endimast.

sol ut i on corRfEferaRly beresRio st kel £35C. Ve B sEEee AR Rei0n Mebeally by
those bel ow 4 fih birhG¥PREHAI/345 MP4, iReRplblyes 182 MPall.' For typical sqlddlbh i onal ,

alternative reaction configuration, a supercritical fluid nmedium can

be used wi t hreaetions; emperaturep Wil tpmicalyarange frops ambientitp 230°C4withPressii@s
Macr ongr i'ncQrporat,ion for _hranched polyner pr.eparatiqn .can.be,,
acconpl i shedg'?)‘%)l ARIERto; :gés ?’0%" %M&Et“ﬁrﬁeom&ﬁ’ﬁtﬁ’é@ﬁ' ing?f'd‘mns for

pol ymeri zat i Qfple slugrgf‘é(;#arcﬁeﬂeﬁfe %Ebfatocﬁlﬁidﬁ%m%egﬁg&%& of

bul ky nmononer 1 ncorp tabl e catal yst conpo S are those
t hat are capehiperahireg arzdlimited to thse Helow the neltrtpmperature ofithédpolynser.glin f | cant
depression in gﬁerr] fqQr the pol yperic backpbone er the

t enper at ur e %h dpﬁ%ﬂém‘?%’(&irﬁm eendiguration, P&Wﬂ%ﬂgmﬁ?_
S Sor ™ B S @itpelasiies 1 o 250 il dréfsicden U MBEC BPP B! OF

suitabbe catal yst selection and use to prepare branched ol efin
copol yners and addresses catal yst conpounds 20 sui tabl e for high
conononer and macMsemmesre ingasperefien aforo rbranched h pplymesd preparation  camebei n,

Bopol yrer s TIamARliA B Adie Bt dBRESHE: PR, e B ikt RoBmerization
copol ymer i Z agtviroGR¥RN (il Scdtilybiictinpdigdodapable hfituliey Mo Bmiet aftoftvationnd

nmonocycl opent adi enyl G oup 4 netal conpounds of U S. patents 5,198,401, 25
5,270, 393, S5SwinblaEatalyst Lompoagds Firel 1Hpse7 that sarg 3@pable, ofagdod rropromamiennal

appl i cati ons, W02/ 00333.. and WD .26/ 00244. Al so 94/ 07930 descri,bes

Corm Fal |y IRESPAFSRE HACH HERTERISGEReSeian hMa 1 ORp QPLARETE Bk e
MAcCr Omer s i Nudded Mt RehiRPANR! £Id ARssurd cBRBIADAR NS, ThE Redchs dfedpbadiag. the
transition nmetal catal'yst conpounds are typically used with activating
co-cat al yst povisional applivptionsiyS. Ser.dNs 607137323 mbyve, aadlepplicdtiondX.Sn8er. and
'oni zing cor%g.ug&&gﬁ%?%eed May 2, 1997, are specific to suitable catalyst selection and

use to prepare branched olefin copolymers and addresses catalyst compounds

20 suitable for high comonomer and macromonomer incorporation. As indicated
therein, preferred catalyst _compoundé for assembling the branch olefin
copolymers from vinyl- or vinylidene containing macromers, ethylene and
copolymerizable comonomers include the bridged biscyclopentadienyl and
monbcyclopentadienyl Group 4 metal compounds of U.S. patents 5,198,401,

25 - 5,270,393, 5,324,801, 5,444,145, 5,475,075, 5,635,573, and International

| applicétions W092/00333 and WO 96/00244. Also, WO 94/07930 describes
termirially unsaturated macromer preparation and incorporation of those
macromers in branched polyolefins. In accordance with these teachings, the
transition metal catalyst compounds are typically used with activating co-catalyst

30 components as described. e.g., alkyl alumoxanes and ionizing compounds capable



-10- of providing stabilizing noncoordinating anions. The
resul ti ng copol yner proﬁ*gt HEET HAS BE 1l contain the branched copol yner of
a yi( ac

t he i nverwioms/34gsssent i EBEAF ne copol Y Fdyro¥dsiod st )
significant branching, acted macroner. The | i near

copol ynmer and residual nmacroner are generally of small anounts, which 5
can lead to a mnor anount of cross-Ii nR‘iohg. But this is of such a m nor

ef fect that it does not substantially alter the overall properties
of the final blend conposition. Pol ymer fractionation could be

ef fected tocfqnevidiny §hkiligHgORdrdchoRdimdtingeshions. The teAchlsydfeéachr g¥Ciheon from
the others, but generally wll not be necessary for nost

appl’i cat i onslocuments of this paragraph are also incorporated by referenpgifort prposes of

Appl i cabili . The pol yet hyl ene conposi fions ,according to
The | nvent | SHSuprentpRperices Threstiing Copb et ety S Aapians s GAGSHetl i ch
pol yet hyl eng Wlm pEnarel oléggg,r ; b&k?&?%.&% rSitkdigwWn to
be useful . sﬁ?ﬂ I ncl udeea va!rﬁlig?y 0 l}l'sa%l? lslﬁ%aﬁ as film B ef, "W

conposi t i onsigniiichntibrateting; and tresideal wairéactéd mactdnedru| The tinels qopelyenesbl vy
contain - .at least 0.5 w % branched copol yner, .preferably 2 0 wt % or
greater, andnd residual maﬁf%%rré&mgyn%ﬂy srall Hﬁﬁ’“&ﬁol ohcrapdezd tost minor o
preferably Hhathfto!crbdsSinicifh "Blt"fhis is of suchPhilhb! U6 AR ok B | ST NG
essentially Ti1near chains. :

EXAMPLES  substantially alter the dverall geupettiesi df ths final blehd eompesition. Polyadwri on,
the foll owi ng exanples are provi ded. Such are not neant to limt

t Ihle i nvent | Sipctionatiop pewdcbs effsgied atoe sepsrate thgsmajority branghed) ccopplymer
synt Ao zeq AR FSREthe ofhers byt generafiy pill ECANRSEGRAR I dppltBlons.

ternpol yneri zations in which the macroner content was varied

systematically. The vinyl-term nated macroner for t hese reactions was
: Industrial Applicability

The polyethylene compositions according to the invention will have use in

15 a variety of applications for which polyethylene homopolymer and copolymer
compositions are known to be useful. Such include a variety of uses such as film
compositions, and molded or extruded articles. Useful blends preferably contain

at least 0.5 wi% branched copolymer, preferably 2 0 wt% or greater, and
preferably not more than about 20 wt%, more preferably 10 wt% or less, with the

20 majority component comprising essentially linear chains.
EXAMPLES

In order to illustrate the present invention, the following examples are
25 provided. Such are not meant to limit the invention in any respect, but are solely

provided for illustration purposes.

Branched copolymers were synthesized in ethylene/hexene/macromer
(E/H/M) termpolymerizations in which the macromer content was varied

30 'systematically.  The vinyl-temxiné.ted macromer for these reactions was
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30 synt hesi zed as per US_ Ser . _No~—68/37323, above. The products of

t he 985 synt hdsTHB8BHEETpRAS BEENDr . No. 60/ 37323, above. The
product s o? BRE t er gol ymeRERPBACEDS werle bl ended wi REI/HSWBOISA0r ci al |,
met al | ocene-derived |inear - poryethyl ene (linear PE) at 3.5 weight
percent and 7 wei ght percent | oadings. -11-5 General: Al

pol yneri zations were performed in a Zi pperclave reactor equi pped
with a water jacket for tenperature control. The reactor vvas fi rst cl eaned

o) 192010 b 4S04 ORI, P o B "

wat er at 12&?50 Prheti2RidrRa%ére  blended with #'RemBieréiar xﬁbthlloéeh@lﬂeﬁged‘hhédi‘gen for

a period of m nutes. Before reaction, 10 the reactor was further
purged usi ngolyeﬂnlenedgmumas&ﬁlwagmarcmahégV(Iexghﬂmmloadmgs / 689
kPa) and 2 ethyl ene pressurize/vent cycles (to 300 psi / 2068 kPa). The
cycling served three purposes: (1) to thoroughly penetrate all dead ends

i spi Sce it r ogeTEERR APRUBERIBIG Here RICRIS) OB ARG stk 0

test the reagiipped With a water jacket for tempetdtereicdntrok Therestsor veds first cledded
reactor using calibrated sight glasses. H gh purity (>99.5%

hexane, tol b¥ rli’éat&?&lt"o{ﬁcb ﬁemftélé'ﬁge t@ﬂésq}m pRY palymerJasidugsy then cooled mﬁl r st

thr ough bashé ﬁ! t gg a | | owed
. rml e r%ré"l\/%\g/ %@%ﬁgwtaﬁﬂ{eeﬁ%gd;? 5%%@ Tﬁa"?orrogen

PQ' yneri zat a8 patked wnh WS netbdpencfop a\fRpiod WIPLIteintités: CBeforé Feadtion,

nit rogen jacketed line and used w thout further purification.

C eadl 10% theetquyuoalwmnﬁmher pwagei usmg w menanressunze/vent c:eqiesi {ted0Pr om

Al bemarl e | nc; i.nl ess steel c | Vid | nt | gl ass
cont ai ners, &“@tzo‘? Pt EFSF"}P%{V:?P éQéoch?l)at E‘ff‘getpn%'?ure.
Et hyl ene t@féqﬁéuém (JeRetr 18 GAORed eRtRCHRE ﬂé?du?é esqbal
system pr essurgszst V@ﬁ y IJrggeorted ?Pévefs sem 5sg%t ch opgiri%t ion).

Et hyl ene fl pmgeaﬁlgxtwas:onmnunmts;c&)lm dizplace nitrogen mlﬂa& byestamn wittsethyleney net er
(nodel nunber 72-0424). Tq ensure the reaction medi um was

wel | - ni xed, 40 PERSSYedest {Rq 1e8et0 ot at i ng at >1000 rpm was used.
Al qatal yst preparations were perfornmed in an inert atnosphere with <1.5

Liquids were measured into the reactor using calibrated sight glasses.
High purity (>99.5%) hexane, toluene and butene feeds were purified by passing
first through basic alumina activated at high temperature in nitrogen, followed by
5A molecular sieve activated at high temperature in nitrogen. Polymerization
20 grade ethylene was supplied directly in a nitrogen-jacketed line and used without
further purification. Clear, 10% methylalumoxane (MAQO) in toluene was
~ received from Albemarle Inc. in stainless steel cylinders, divided into 1-liter glass
containers, and stored in a laboratory glove-box at ambient temperature. Ethylene
was added to the reactor as needed to maintain total system pressure at the
25 reported levels (semi-batch operation). Ethylene flow rate was monitored using a
Matheson mass flow meter (model number 8272-0424). To ensure the reaction

- medium was well-mixed, a flat-paddle stirrer rotating at >1000 rpm was used.

All catalyst preparations were performed in an inert atmosphere with <1.5.

30 - ppm H,0 content. In order to accurately measure small amounts of catalyst,
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30 ppm Herr]O content. In order to accurately nmeasure small anmounts
of catalyst, : -12-
freshly pMéQasR¥8Eat al yst stock sol.ution/dilution nmethods wacTws»ed2500.

cat al yst reparation. To maxim ze solubility of the netall ocenes,

t Ot a sol vent. 3Sbainl ess steel transfer tubes were
wadHE ‘g\& enove I mpurities, drained, and activator and
cat_g_l_%/_s_-_"‘j by pi pette, Macroner Preparation: A
starnl ess steel catalyst addition tube was repared as outlined

was_ p )
above. An frgshlyquepased za@lyst Istacki sodutionjdilution, methods wergeispg |in|catalystne

MAO | uti i n.tol . add .fol il1jlit f
Lo ene. s oPterBoR, off TehitRigS SR of Bhiepilocthes, tolvens wallmedipd 47 ©
\(Ngisscycl opent@demny | Stainless itk FaksiORilds) whrr wikhdd MitleMA o Sealo9e t ube

renoved fromthe glovebox and connected to a 2-liter
Zi pper cl ave imppurities, drainted, and activatonadd catalysbwereradded by pipettef ni trogen. A

“flexible, stainless steel Iine fromthe reactor supply manifold
was comfnected to the other end of the addition tube under a
continuous flow Ohlﬁéﬁi&?m}m@{?é@m Olsta¥RSssPstedlechtaNst RABSSY tehd Gaked as
15 out | i ned above. Then, m%o?xytﬂol uene vvaspcharge to the

reactor and lprpared tas outlined abd€[ er AnC. alioatewpelt umdlilitess adff 084 t o
equi li brate, system pressure ded.  The

and .t he base > ‘ _ \'ga({’e
desired part methylplumoxage Ohy salpdon 4 talugne was peds owed by 32 54ded
on top of the.hage system ur e . | . yl gn at urate
the system (%@%%Fca@e? b{&ﬁ‘;eg’r%o S@Pf%?{nen_éeow n%:Jhe caa ysot? §2fczlfect ed
in a 30 (bibesickpentiditpyh ziybotitms Sichivride) yenmillifiterct The sesledtabswas Was

noni tored by readi ng et hyl ene uptake frogmthe electronic mass flow
meter. The r &yaevedniiomsthe glovebox and, eenngeied t9ya 2ditergZinperclayg reactonportit e)

product . The BTy P RaERYs o BRenke A feible, sEnfét R i ARy 100
to yield a seddefbrREpPIRThMBIIM B @ofeciéd I thé othetlbid BDthe 4dditioh. tuBdunder  The
product of 15 independent consecutive runs were each neasured for Merr]

and angoatinhoysy flepasfDmitrogine Teeraaptoy avascpurgedh gndl presswretestod as o

4, 605 ,and f 9,.Q64 11, 603. Vi t ur at.i | evel
ere. BBom 7o outinga 380V, ThEG, 12086 of e Wi eharsba Y Ine REGH: H HeBBE . The
PﬁC[ ﬁgﬁe;e% Ogtﬁgijc.ogléé fphperatire'aas Sowdd ﬁiﬂﬁﬂliﬂrﬁﬂ?’éﬂ?ﬂm base system Pfds@fret O USe

was recorded. The desired partial pressure of ethylene (40 psig/.276 mPa) was

added on top of the base system pressure. After allowing the ethylene to saturate
the system (as indicated by zero _ethylené flow), the catalyst was injected in a
20 pulse using high pressure solvent. Reaction progression was monitored by
reading ethylene uptake from the electronic mass flow meter. The reaction was
terminated by rapid cooling (~1 minute) and addition of an excess of methanol to
precipitate the polymer product. The polymer/solvent mixture was dried in
flowing nitrogen to yield a solid homopolyethylene macromer-containing product.
25 The product of 15 independent, consecutive runs were each measured for M, and
M,, by GPC/DRI. The M, values ranged from 3,700 to 4,605 and M,, from 9,064
to 11,603. Vinyl unsafuration levels were from 70.9 to 76.3% based upon total
unsaturation levels. The macromer product of each run was dry blended together

prior to use in the next step.
30
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- 13- Branched Et hyl ene Copol yner Preparation: The solid
macr oner product. was added to the open Zi pperclave reactor, which
was fhen OB for a period of 30 minutes, purngaszsoo
flowing dry nitrogen at 60[err]C. An aliquot of 2 mlliliter of
10% et hyl al unoxane (MAO) sol ution in totsene was W t ‘clean

stainless steel addition tube, followed by additio §H§5fb'ﬁ\so$ﬁEN'
cont ai ni ng 32 my of (CJerr] I\/E[err] Si Me[ er # | NC] REALACERr 1) Ti i [err]
| si |

tetranet hyl c cloent d|- I d th
( do-7 hsdlithyl Frevamationi.  7ihe Sold e actmer s

dodecyl am do- zi rc¥ '
- renoved fro"bﬁoﬁﬁ g &ﬂﬁ é‘r‘éla’ir@ r; Whichl wad thes cidsey nd fRCL OF

port. flexi , st eel 11 ne fromthe reactor supply
mani foI d vvasapamrbofminnmxteé;@uﬂgtdmth flowling demmitrofert is602Cdi An aliquoglo€2under
a continuous flow of nltrog Fi ve hundred (,500mM mII|I|ters of

t ol uene wer emildigitsy efpl %@F’SX@W"M MARQ) salution Hbf‘?lBﬁ“ea added to a { he

A tor 15 m riPRtapelest A WRin B, AMMESleq By Ml AR Bluiilbolitoinl ) "2

added mg bP (cglaedsaMegﬂequagijlzo r(teﬁﬁﬁ@ctﬁﬁb?élﬁﬁdntﬁiéﬂgﬂﬁﬁlﬁe&?fsﬂyhen
added to the react wth m&artlal pressure of ethylene of 60 to 65
psi (.413 t ododesglapridy zg@@mgmqu ) in 10 ml. goluene: | yTherrealed (tybeeMasat i on

125 €211 Rl ok R e 106 At A K A
Lerper ature ppgiBle, BlafittsAGuedi 1ih0 86 thETeRfoChipbSy IR CohedtBE PR

pr oduct anounts were tested in theseée poI yneri zations: 2.5 gram; 5
gransl0and 16thgr embof e addmon t8be uiidér & cdntinmbusvflow of nitrogen. HRivshandred

I\B/;gpgngtrj H h %pg}]gu&gxg%/tﬁ f‘ ol x%? ateI aﬁemmﬁ reactor after tlr?'l e purge period anﬁ ©
(5”1 ) ( gibg systefl @isghhra?eéi(g?jflygw&&ldex( s ﬁ%&)of m&@%e‘%)oof 100 psi (.689 mPa). | I

5 - 5. After 15 minute§ Mhéﬁmg ana sumi:g@mder mtrogéxﬂ hexene (5 mi) Wwas added 5
65/ 448
br anched et hiP Ba&ASEReRsokution, sﬂwﬁﬂ&t.%ﬂwnmth@ #d¢led do the reactor Wlth
15 a partial pressure of ethylene of 60 to 65 psi (.413 to .448 mPa) being applied .

directly. The polymerization was carried out at a temperature of 90 °C for 10

minutes. All polymer retrieved from the reactor was allowed to dry at room

temperature under blowing nitrogen. Three different levels of macromer product

amounts were tested in these polymenzatxons 2.5 grams, 5 grams, and 10 grams.
20 See Table 1 below. '

Table 1. Branched Ethylene Copolymer Preparation

Run Hexene | Macromer | Ethylene Partial Temp. Rxn Time
(ml) (2) Pressure (psi/’kPa) °C) (min)
I 5 2.5 65/.448 120 10
I 5 50 65/.448 120 | 10
I 5 10 65/.448 120 10

25
The branched ethylene polymers thus synthesized had the three

systematically varied macromer or branch contents illistrated. These products
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systematically varied macronmer or branch contents illustrated. These

products

WD 98/ 34985

PCT/ US98/¥%998{54985
wer e bl ended by meit-processing with a comerci al,

i near

'PE,- 0.9 M,

- wei ght percent -

ni t rogen- purged Banbury m xer,

| oadi ngs.

204 [err]C See Table 2. 5

B | end Ter jyoirghisnded byemelt-progessing with a cogmuercial, metalipgeneieriv

PCTV6598/02500 -
net al | ocene-deri ved

and density_3.918, at 3 5 weight percent and 7
Bl endi ng was conducted in a
t he .

bl endi hg tenperature was 177 to
‘Tabl e 2. Pol yet hyl ene Bl end Conpositions

¢q linearpp

(9)/ (Run) _ 50/ |

1250 0. é’g’E égﬂ,g and flepsity 0,8, at 3 és%‘ﬁht poregpt and®7 We‘ghtBPmemlom |
1200 0. §§adin§sz- OBlenjdﬂné was Icbhgifigted xﬁoﬁ%oge%-pﬁﬁged Banbury mﬁer, 50/ 11
1250 0. 127277 52445 ©100/1 |
1200 0. Aendifigitefaperatiredvas 17728204 ammmz 69 E 50/ 111
1250 . 0.70 18.6 19.5 125541 52260 2.40 = 100/ 111
12005 0.45 238 285 129012 = 44301 2.91

ECD[ err] 103ble3-RelyathideneBlendLompasitigisene- hexene LLDPE copol ymer 10
having M of 0.9 and denS|ty 0. 918, vmth 0 1 wt%lrganox[err1 and 0.1 wt %

| r gaphos[ 4TBlend SEriey M, | MpduE®DI
characterijzati or: g s rreas%gg it n accof danc{
wth ASTMJBEZS ¢ re—metr—TTToey '
det er m ned—-o -6 HeSme - OOt e Oy
that at | Al Z‘*{q‘iﬁrtfm Bl HoRTT §%Emﬂ
anal yzed flor BM. ) 22.0 | (44617130685 1)) OBYY gb2.59
per meat i oy ck orat d§/dbhy| ( GRSP um%a W8t&ris 1HD[ ¢r¥2727hi|g1$2445 | 2.43
te(rjrperatur emeguiIpped 13000 fa Deydrtior21.h dng%-_ 6coRLgn
and oper at TORRET A W0 07 1861 €1 19.5 | 12554P |V 50060 SF 2.4
500" PO VIES 115012 251 ¢
* ECD® 103 (Exxon Chemical Co.), ethylene-hexene LLDPE copolymer
having MI of 0.9 and density 0.918, with 0.1 wi% Irganox and 0.1 wt%

1,2,4 20
Irgaphos (Ciba-Geigy Co.) stabilizers.

174

to

pi&55

P
Cl IIW MIFI

nmg/ m

10

Product characterization : The melt index (MI) was measured in
accordance with ASTM D 1238 (190 °C, 2.1kg), the melt index ratio (MIR) was
determined from the ratio of the MI measurements at (190 °C, 21.0kg) to that at
(190 °C, 2.1kg). The blend product. samples were analyzed for M,,, M,, and PDI
(M,, / M,) by gel permeation chromatography (GPC) using a Waters 150°C high

temperature system equipped with a DRI Detector, Shodex AT-806MS column

15

and operating at a system temperature of 145°C. The solvent used was 1,2,4
20 trichlorobenzene, from which polymer sample solutions of 0.1 mg/mi
concentration were prepared for injection. The total solvent flow rate was 1.0
ml/minute and the injection size was 300 microliters. GPC columns were
calibrated using a series of narrow polystyrenes (obtained from Tosoh
Corporation, Tokyo, 1989).

based on the linear PE sample NBS-1475 was used. The standard was run with

For quality control, a broad-standard calibration
25



concentration were prepared for injection. The total solvent flow rate was

1.0. .. wooesAkdgsi nute and the injection size was 300 mcroliters. GPC

col uMms were calibrated using a series of narrow ;

(obt ai ned from Tosoh Cor por at i on, TokyoW

control, a broad-standard calibration 245~ bap ERE HASnBERN BE sarrpl e
NBS- 1475 was used. The standard was run with REPLACED

- 15- each 16-vial carousel. It was injected twceé as Tte first
sanple of e t t he
resulting c grrr;éta%lgra?rrgusv\%r eha"'ﬁ%r ;'géc&g& 'L’Mc‘é”asoihgsﬁ%t %é%ﬁ E&M‘gjért Fuse
programto Aﬁbﬁﬂhﬁb@ofﬁﬁ: ﬁﬂl&ﬁ&b‘kﬂﬁp&@ltﬁbfx‘esulung chromitdﬁtimb%t dMerr]
and Merr] averatg Anot her characterlstlc of the

pol ymer of usikg eﬁfatm Expért sFlmnpmtp calculate thei smoledwlari aveightD) . A

measur e of 1tio |str| ution is the "Conposition
Distri butlo‘ﬁs@lﬁ $ If’glﬂl! ®¥DBl is defined as the wei ght percent

of thge “copol yner nol ecul es havi ng a conononer content within 50%
(that™is, 25%on 10 each side) of the nedian total nolar conononer
content.  The CRBbthef cBaracteristic of GRPPbIyHRE of Thé Smvbintivn dete ‘cBhipesitivhi | | Zi ng
wel | known techni ques for isolati n? i ndj vi dual fractions of a
sanpl e of tdistribytion (F}). A oaeasurecof conipasition distribution is theéGompasition Ri si ng

g:?flg& 17 ﬁ‘@T%’%‘B‘P : de's@d 16(%&5%‘56*@%@5‘%8“%&608 204,

Mel t strengédpofyyiir MBfectiRe Hd y&ﬁan&n@saﬁtwhﬂaem%g&aﬂé BHLEnt O
a Instron capil’lary rheoneter he pol ynmer ne is extruded tRArough a

capi lQary each side) of tthe anedign Ltetabfmalaﬁ(bbmomnramwm aJpecCDBitaofoa

(capil'lary | ength/ capl y, radi.u 31 at a cons a.nt

pl unger vel A 891‘ erriteraat @Yéi ?%F?H@Pgn’giﬂtl %éﬁ'ﬂ@ ating; 5 g

constant a r melds el uhs t:lky
CRRLA BAGAERS f ipls (e LRUBAITE O oy C%mg?@alk

stretched by a palr serrate

di st ance (Fﬂ‘emperanxeRxfmpEluﬁde)ﬂﬁl’&EE);ianeﬂanﬁ»ed@mWﬂd)reahlmm t he
wheels is i eased linearly t he draw down force

(F) is noni ‘éﬂg?%?é“rle@Bﬁ)e@dUs Patentyg pR88.3P4,whishn f orce
(cN) Ag\/nen tﬁ@bﬁﬂﬁ?ﬁxp@fﬁ@&ﬁexem&m&@eﬁ@” ng cond| tions 25 _Wwere used

In the nelt streng nmeasur enen

Melt strength (MS) was measured using a Goetffert Rheotens attached to
an Instron capillary rheometer. The polymer melt is extruded through a capillary
with a radius of 0.007633,-cm and an aspect ratio (capillary length/capillary radius)

20 of 33.531 at a constant plunger velocity. Therefore, the polymer melt is subjected
to a constant apparent wall shear rate.  The extruded melt is subsequently
stretched by a pair of serrated wheels having radii of 1.91 cm at a distance (H)
from the capillary exit. The rotational speed of the wheels is increased linearly
* with time while the draw down force (F) is monitored. Melt strength is reported |
25 as the draw down force (cN) when the strand breaks. The following conditions

were used in the melt strength measurements.
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WD 98/ 34985 : :
PCT/ US98/ 02500 - 16-

Tenper at uO 2334988 Pl unger speed = 0. BCTAISIBH2500 -
wheel acceleration = 2.4 cnis/s capillary radius =
0.076327 cm 5 capi |l ggy length = 2.5593 cm '
barrel radius = 0.47625 cm , _ - wheel radius = 1.91 cm

10 . I n.ihe attached Figure 1, the exenplary blend conpositions A
through F e ar“ef B ot t ed by M5 vs. M. For conparison purposes a
series of |ow densi’ fy ‘Temperature gul 908E€ny| ene grades (LDPE) sol d as '
ESCORENE[ err] branded Bhagesspegd 20027 c/s Chem cal Co., and

measur enent s of EXCEEDweé] ackélbratiogd = 24 ea/é/E0om EXXON CHEM CAL CO. ,
are simlarly illustra R | for the LDPE grade 15

I dent |§| cati on. Esﬁn ikd ﬁo‘g&%‘?‘gﬁr’pom tions " Grade
Name M @%}q = 0.47625 VBLEN LD
134 - LD
134. 09 wheellragms—19lcm 9 6 LD
117 1.4 10.1 LD
140. 09 0.65 - 14. 4 LD
140. 0%0 In the attacRedFigure 1, the exemplary blend cdip6sitiéis A through F The
figure graphical I%; il lustrates that the nelt strength of the |nvent|on

bl ends can sagnplpfted by MSexa»em t Fer vame@squma&esw seriesipf low densityh| v

char act er i st PRTYeRE el EDPER bita"dh ESCORANRN brhaBl bl b Bve < 11 om

si ngl e- si t edCherhitay Tos, mmeaﬁném&ﬁhlmesﬁn® ECD-103, also from EXXON
CHEMICAL CO., are similarly illustrated. See Table 3 below for the LDPE grade
15 identification.

Table 3. LDPE Compositions

Grade Name MIQS0Z.D) MS(EN)

LD 134 . 1.95 8.3
LD 134.09 1.8 9.6
LD 117 - 14 10.1
LD 140.09 0.65 14.4
LD 140.09 0.62 15.8
20 The figure graphically illustrates that the melt strength of the invention

blends can significantly exceed the values typical of traditional highly branched
LDPE while retaining the narrow PDI and MIR characteristics of linear ethylene

homopolymers or copolymers from single-sited catalysts such as metallocenes.



-17- C ai ns: 1. A pol yet hyl ene bl end conposition

havi ng ersity index of less than or 5 equal_to 3, an
#%P%”
aver age Dranc index (g') as measured by GPC/Vis [err] FFIUSYR92500
nmelt strength (MS) (centipoise, 190 | errlLC) that satisfies the .
rel ati onshi p: - 3.0
VB ferr] H!IIIITI llll[[ IILH I <
Mel't | ndex (2.16kg/190]erT] s10* : The dsi tion
accordi ng t&aﬁ)n?' m 1 conprising 70 to 99 1 Wﬁ%mﬁg@ﬁga | i near
" ethyl ene copol'ynérs having density of 0.900-0.935 lc‘nfé CDBI

of 50-95% PD of 1.8-3.5 and an Melt Index (190 [err]C 2. 16kg) of
0.3-7.5. 3. The pol yet hyl ene conposition according to claim|l
conprising a branched 15 et hyl ene copolyner prepared by the insertion

oLV 2400 BT comppr VL B SRR RPITS

macr oner s,
i nsergion p@dﬁéﬁ?dﬂﬁ?ﬁﬁ‘er&éﬂﬂﬁﬂélﬁﬁé index (g asmeasﬁredby @P@Niyi‘@@")éh&'ie -
conmposi tion according to clalm3 Wwherei n sa| d et hyl ene- cont ai ni ng
macromer s comelistength{M8)i(ceritipoisef 19MPCythdtsatisfics the relahemhlp on

3.0 ‘
MS = + 4.5,
Melt Index (2.16kg/190 °C)
10 2. The polyethylene composition according to claim 1 comprising 70 to 99.1

wt% essentially linear ethylene copolymers having density of 0.900-0.935 g/cm’,
CDBI of 50-95%, PDI of 1.8-3.5 and an Melt Index (190 °C, 2.16kg) of 0.3-7.5.

3. The polyethylene composition according to claim 1 comprising a branched
15 ethylene copolymer prepared by the insertion polymerization of ethylene,
unsaturated end group-containing macromers, and, optionally, a minor amount of

additional other insertion polymerizabie comonomers.

4, The polyethylene composition according to claim 3 wherein said ethylene-
20 containing macromers consist essentially of units derived by insertion

copolymerization of ethylene.

5. The polyethylene composition according to claim 3 wherein said ethylene-
containing macromé:rs comprise units derived by insertion copolymerization of

25 ethylene and at least one member of the group consisting of C;-Cy a—oleﬁ_ns, Cs-
C,5 cyclic and substituted cyclic olefins, Cs-Czs styrenic and substituted styrenic
olefins.
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copol yrrerl zation of : The pol yet hyl ene conposition
according to claim MII ma““elml |HII yl ene- cont ai ni ng nacr oners
conpri seWEh1%3498%er j v y Lnserts$on* copol yrrerl zation of 25PCT/US98/e15hythene -
and at | east one nenber of the group consisting of (Jerr]-Cerr]

[err]-olefins, (Jerr]- ([ ercys-cyclic and substituted cyclic

ol efins, C[err] Cerr] styrenlc and substituted styrenic ol efins.
VO 98/ 34985

PCT/ US98/ 02500 - OSJ tip ccording to

claim4 whérei n?’ﬁRPIHWF%EQmP“m”E" g‘ﬁpﬁ %@e units -

derived by s y t00 st one
menber of th&a 6%8‘%8%% St ngls ut Hénveii 'ﬁ%)%%sne anggmyﬁ% ene.

7. The peiyYereturden teasponpOmiinberiofihe @roup cordsisting dif nbutéheyd diegent aﬁi d
essentlally I'i near ethyl ene copol ynmers conprise units derived by insertion
pol yneri zatlrestenst et hyl ene and one or nore of the group consisting of
C[errs] Cerr] [err]- olefins, CJerr]-Cerr] cyclic and substituted
cyclic olefins, Cerr]-Cerr] styrenic and 10 substituted styrenic
olefins. 7. The polyethyldit® ORhpRitivH SitCorIMPOR cldih az:cwn&emg shid claim
6 wherein said essentially linear ethylene copolyners conprise

uni ts deri ess¢ntiglly nkingar | ethylene copolymeq;oqupnsqamlﬁnd Q&fl byl dnsertiond at

| n r.of. th r nsi in x n n
1633; e(r)lee %Eyn?enz%uﬁ (ta‘egxy rféan (;Snesérm reof&xe group consxs%rx]lg of]C e € a d

u-q

olefins, Cs;-C,s cyclic and substituted cyclic olefins, ._C.S-C,s styremc and
10 substituted styrenic olefins.

8. The polyethylene composition according to claim 6 wherein said

essentially linear ethylene copolymers comprise units derived by insertion

- copolymerization of ethylene and at least one. member of the group consisting of
15. butene, 1-hexene and 1-octene. .



