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PCT/ US974~01186 POLYCOLEFI N ELASTOMER BLENDS EXHI Bl TI NG | MPROVED
PROPERTI ES This invention relates to ethyl ene pol yner
conpobsi tions, processes for nmaking such pol ymer conpositions, and
nol ded articles ?% om such conpositions. 5 Et hyl enge

honmopol yrmers and’ %ol yners are known cl asses of t her mopFHEe9701180
pol yners, each having many nenbers. They are prepared by

honmopdl yneri zi-ng et hyl ene or interpol ynerizin for exanBI e, :

copol ymeri zi ng)  POLYQLEFN ELARTO EﬂnéLEND IBTING IMBROYED RRORERJIES
conononers, for exanple, [err]-olefins of 3 to about 20 carbon atons,
vinyl esters, vinyl acids, styrene-based nononers, 10 nonomers containing
two or nore sites of Taisijyestiprrelatasio athylens polvater comprsitions pipegpses for making
copol yneri zat i ongyeR pefyneréonipbeitieny) dné infided articles made from &idh &ntpbstiohy | ene
honmopol yners and i nt er pol rs are kno for their sfrength and
processabi | i tdy, experﬁtwm&yﬁﬁ§ ?%B’@'ﬂ?@ﬁ&f&?@&"m cassesMore the

gut elr limts ]gf tg&m:aaﬁ@mrﬁ_ _ érle.Sealc_mhevihngy Jmafnbbhu‘. ?’mgaw@f%ﬂga%ym_e ]

evel opnent o supst ant i i near et en 0 rs S). ich are
| ess suscepti bl é"q“?f’ menzing 3“‘¥'¥%?UP@'R??W?%PWB%E??‘%?”&%%P@MP 0 ect s
during high presghyiéne withidhesip arrle ¢inylr orsdiene-based chmoneers, FEOEREPIE, Adkfins

pol yet hyl enes. SLEPs possess_ hi rocessibilit d strength wi t hout
requiring additi §§9 aboui 26 earbon Qﬁ)ﬁe?’ ;ﬂsrig ‘iv@ygﬁfcg%t grere- g?%d mRadmers.,
mat eri al s poms e yAdNENdr tontaihiag twinarmere 3fes afrethyienir s plueationCete., using known

characteristics._These. erials ar }.Ng i ncreasingly popul ar in
i ndustrial appl i%@gf@@ﬁgﬁéﬁ&é&?g@%ﬂ?ﬁgﬁ?ﬁ@%e of fabrication and general

Although ethylene homopolymers and interpolymers are known for their

strength and processability, experiments continue to be conducted which explore the
outer limits of these properties. One result of this research was the development of

15 substantially linear ethylene polymers (SLEPs) which are less susceptible to melt
fracture or formation of extrudate defects during high pressure, high speed extrusion
than are conventional polyethylenes. SLEPs possess high processibility and strength
without requiring additi_ves.

Thermoplastic elastomers are known materials possessing both etastomeric

20 and thermoplastic characteristics. These materials are becoming increasingly
popular in industrial applications because of their ease of fabrication and general
good physical properties. Thermoplastic elastomers are of two main types, (1) biock
and graft copolymers containing soft and hard polymer chain segments, and (2)
blends of certain elastomers and thermoplastics. Examples of the latter class include l
25 blends of ethylene/propylene rubber (EDPM) with polyolefin thermoplastics, such as "
polypropylene or polyethyiene. '

Although the various types of ethylene polymers have found application in a
wide range of environments, in certain of these environments improvement is both
possible and desirable. For example, applications requiring good performance at

30 elevated temperatures (that is, temperatures above room temperature) abound.
Relevant properties under these conditions include softening point under load,
toughness, 100 percent modulus of elasticity. and compression set. Processability
improvements are also desirable, for example certain ethylene polymers require a
long cooling cycle time in injection molding applications. The need for thermoplastic
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good physi cal properties. Thernoplastic elastonmers are of two main types,
(D-blegk .. and graft copolyners containing soft and hard pol ynmer chain
segrents, and (2) bl ends of certain elastomers and thernopl astics.
Exanpl es of the latter class include 25 blends of ethyl enel propyl ene
rubber (EDPM) wi th pol yolefin thernoplastics, such as pol ypr opyl ene or
pol yet hyl ene. wo 97126297 Al t hough the various types of ethy|RGIEUSIFOUBEr s
have found application in a wi de range of environments, in certain of
these environnents inprovenent is both possi bl e and desirable. For

exanpl e, appl i(gﬁgtbﬂ_e;% WithOhdreased tigm_dmgaafm perfarmante tét are leasipdoqniocess is
tenperatures (that is, tenperatures.aboy, t tur ahoungd.

Rel evant pr opef¥Rresseg, farRex @%‘gnﬁﬁptoigfﬁﬁﬁ' Lﬁo@j @%’??@ﬂﬁ%{geﬁ’gﬂ# under
| oad, t oUGHIBR pEssedd A highrsoferingpuint underdéad: igeesater doughness) HighemiD0essi on

o n St e Cheihropnke o BRGRL it BB s B ARl S i R
i nj ecti on mpl duédredppl i cati ons. The need for thernoplastic ’
éCT / US97/ 01180 oS éé?‘g\'gq?t(gr@? ’s"vﬁnm{ ' t||"F1’scer aer:'fs%t °’h".egs'l§°‘% reersr%%sr%r? 3 ?r('aie\f)eedr?i(t)hr mance
that are easy tpolymecmbduresomprisingpr essed, f or exanple, in U S Patent
poi nit under 1 oad.  ofSat ot WASEppssibiRneonsy tolrshel 8RS pltiePhayhfl 4 ° 0. "0
elasticity, |ower conpr ewystallinitycin theiange em Odo Sepercent B are t hus
10 (B) atleast one ethylene polymer having a crystallinity in the range from 5
to BO percent which is at least 7 percent greater than the crystallinity of
component (A) provided that (1) (a) when component (A) has a
crystallinity greater than or equal to 21.5 percent and a melt index
jess than or equal to 10 dg/min., component (B) is a homogeneous
15 polymer and (b) when the crystallinity of component (B) is greater than
21.5 percent, component (B) is present in an amount less than 40 wt
percent (2) the number average molecular weight of component (B)
is greater than or equal to the number average molecular weight of
polymer (A), (3) component (B) comprises at least one interpolymer of
20 ethylene with at least one comonomer selected from the group
consisting of vinyl esters of a saturated carboxylic acid wherein the
acid moiety has up to 4 carbon atoms, unsaturated mono- or
dicarboxylic acids of 3 to 5 carbon atoms, a salt of the unsaturated
acid, esters of the unsaturated acid derived from an alcohol having 1 \
25 to 8 carbon atoms, and mixtures thereof, or (4) at least one of the ¥
ethyiene polymer components of the polymer mixture comprises an ’
ultra-low molecular weight ethylene polymer having a crystallinity from
0 to 80 percent, a melt viscosity at 350°F up to _8200 cpanda
molecular weight distribution from 1.5t0 2.5,
30 wherein the polymer mixture has an overall crystallinity in the range from 6 to
50 percent and when component (B) does not comprise interpolymer (B)(3)
and none of the ethylene polymer components of the polymer mixture
comprise the ultra-low molecular weight ethylene polymer, the polymer




5 “desired. According to this invention, these and ot her
desired.results are achieved wth a polynmer m xture conpri sing:
(A. at |east one honbgeneously branched ethyl ene pol yner having a
crystallinity in the range fromO to 50 percent and 10 (B) at

| east one ethylene polyner having a crystallinity in the rang _
to 80 percent WQ¥R6I9 at | east 7 percent greater than the cr}&éﬁ%’gyg of

conmponent (A) provided that (1) (a) when conponent (A) has a
crystallinity great ermlithl%ha%ra mauahartwe-gm distriboficharivt ghsatkr ahdfed ihbmghex

| ess than or equal to 10 ent honD eneous 15
pol yner and (b) MenWﬁ@"E&ﬁg"ﬁﬁtxiﬁﬁ ﬁ?ﬁéﬂ ??? rae. greater t han
21.5 pergg;lt hconp(r)rtr;qms,{oﬁ}ndrsnmme&ﬁﬁyl lfurtﬁeraﬁm@ﬂwnt Iess than 40 wt
per cent t he nunbey, aver ecul ar
is dgreater than or e(ﬁéb& '?ﬁ?gﬂ’r’eggm?ﬁ%?°wv€’a'3‘2' FE?PR’WET B%‘f")'%?
p?lh ylmer (A : hs( 3%cmml t%aﬁneéﬁkhmyquummls dat:ortj\p?mhtSC(?ﬁamm@Iapalhan of 20
et hyl ene w a st one,C se romt he
consisting of viGAlty SPEhiters GOIR the ey ot SPRonenf AL AR (Phby aieast
acid noi ety has pertant4 carbon atoms unsaturat ed nono- or
di carboxylic acids of 3 to 5 ¢c an. a " . upnsat ur at
acid, esters of the A0S [u?%ﬁe '3'&'? @Vé@i&?\\}segpfo%%ﬁfggmgﬁ%lmﬁw&ﬂ ?ng"leﬂ%
to 8 carbon atonmvlngradeducetitcymstnmbenmplﬁsmg)r (4) at |east one of the
et hyl ene pol ymer n f .t I
ultra-1ow no 0ecul ar h%nga(ﬁqu &?},é-.? 86‘¥I' gﬁn%répﬁg@mhgo g'%??é ‘J’set%?ﬁw%ﬂ'lop)?sf rom
0 to 80 percent, a nelt videssnbed above tG8d¢raperatire guitable & (rjfection muidiag;
nol ecul ar wei ght dis bu
pol ymer m xture has 3% OVEH%“F&EI\%;POEYWETI ni 'ﬁﬁfﬁégﬁ%’ "r“gr? rgwﬁ‘r?%fﬁng {hg
50 percent and when conpomelded@dicieiend not conpri se |nterpol ymer (B)(3)
and none of the ethylgpe
conprise the ultra-| (SV\;] F&hul ?f%ﬁ%ﬂﬁamlﬁyﬁ@ﬁ%&% g%&g&t'ﬂétégﬁ
is This process may oplionally include:
(B1) cooling the molded article of step (B) and/or
(B2) crosslinking the molded article of step (B).

Yet another aspect of this invention is the molded article obtained by molding
the polymer mixture according. to the present invention.
20 FIGURE 1 shows two pairs of probe penetration versus temperature piots,
one pair at a constant probe force of 1 Newton (N) and the other pair at a constant
probe force of 0.1 N, for a single substantially linear ethylene 1-octene copolymer :
commercially available from Dow Chemical Company under the trademark EG 8100 \
(SLEP 1) and an 80:20 blend (blend A) of a low crystallinity (3.2 percent) "
25 substantxally Imear ethylene 1-octene copolymer (SLEP 2) with a higher crystallinity
(33.2 percent) substantially linear ethylene 1-octene copolymer (SLEP 3), blend A
having the same crystallinity (14.0 percent) as the single polymer, SLEP 1. Probe
penetration was determined using the same conditions for each sample, which
included using a flat tip probe having a 1 mm tip diameter, heating the polymer
30 sample under a nitrogen atmosphere at a rate of 5 C/min (starting at room
temperature), and measuring probe penetration relative to temperature.
FIGURE 2 shows probe penetration versus temperature plots obtained with
the procedure described above for FIGURE 1 for five two-component blends of
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PCT{ US9// 01180 m xture has a nol ecul ar wei ght distribution not
greater than 3 when the overall crystallinity is greater than
or. equal to 21.5 percent. This polynmer mxture may further
corr'prl se: (C at |east one honogeneously branched et hyl ene

pol ymer havi r¥0872697 crystal linity between the crystalliniti RETRISIT/01180
conmponents (A) and (B) and having a crystallinity which differs from
the crystalli njps@ntisy llﬁem%ﬁéﬁesl 6&%@%0&5&5@60%14&3?% preserltéwgﬁft Fgrent
Anot her aspect of this inventjon oceéss for injec

‘pol yol efin (blends Prfg- ?MHE‘S@‘%W%"'?‘FW%@WM (37 ﬁ@ercfot) in which ih&\)

heating a pol ydérendeih\¢hRtalnfy betwaen e dohpoRems RVaribdHEML7. .?aereém to 36
descri bed above to a tenperature suitable for injection

(B) injecti rRpreant ang Rvbstantiallydinearelhyleng) 1-pelere epmrhawn@m t he
nol ded artigl esanWystalhm (O rem)V| ng fromthe m)l d the nol ded
article formed in ‘Erocess naux)o i onal |y |3ncl ude:

S
(Bl) cooling the r#d&g‘ﬁ(? %?H‘Mﬂ the B‘Pﬂegt"ermﬂsy der lnag,(SP SLEP 2,
crosslinking tdn birndieds definedli® FIBURE €D Thd3oftening point means the temperature at

which a TMA probe having a constant force of 1 N penetrates 1 mm into the polymer
sample using the procedure for determining probe penetration versus temperature of
10 FIGURE 1.
. FIGURE 4 shows Shore A hardness vs. temperature data for single polymer
SLEP 1 (defined above) and polymer blends A and G according to the present
invention, each having the same crystallinity. Blend A is defined above and blend G
is a blend of SLEP 2 (defined above) and a linear low density ethylene polymer
15 (LLDPE1). |
FIGURE & shows Shore A hardness vs. temperature blots for a substantially
linear ethylene 1-octene copolymer (SLEP 7), blend H according to the present
invention, and compérative blend C-1. Blend H is a 50:50 biend of a low crystallinity
- substantially linear ethylene 1-octene copolymer (SLEP 9) and a higher crystallinity
20 (38.2 percent) substantially linear ethylene 1-octene copolymer (SLEP 6) in which the
number average molecular weight (M,) of SLEP 6 is greater than that of SLEP 9.
Blend C-1 is a 50:50 blend of low crystallinity (SLEP 1) and higher crystallinity (SLEP
10) substantially linear ethylene 1-octene copolymers, each having the same
crystaliinity as the corresponding components of blend H, but the M,s of the lower l
25 and higher crystallinity components are reversed so that the M, of the lower
crystallinity component is higher than the M, of the higher crystallinity component.
Blend C-1 is for illustration only and is not to be taken as an admission of prior art.
FIGURE 6 shows compression set at 70 C relative to blend ratio and blend
density for two pairs of low and high crystallinity polymer components at five blend
30 ratios. One pair, SLEP S/SLEP 6, is a combination of a low crystaliinity, iow Mn
substantially linear ethylene 1-octene copolymer with a higher crystallinity, higher Mn
ethylene 1-octene copolymer and the other pair, SLEP 1/SLEP 10, is a combination
of lower and higher crystallinity substantially linear ethylene 1-octene copolymers in
which, as stated above for FIGURE 5, the M,s of the lower and higher crystalfinity
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Yet another aspect of this invention is the nolded article obtained by
mol di ng- .-the polyner mixture according to the present invention. 20
FIGURE 1 shows two pairs of probe penetration versus tenperature plots,
one pair at a constant probe force of 1 Newon (N) and the other pair at a

const ant probe force of 0.1 N, for a single substantiall Ypdytn@8o1180
ethyl ene 1 - oct¥R&738No| vy comrerci al ly avail abl e from Dow Chem gal
Conpany under the tradenark EG 8100 (SLEP 1) and an 80: 20 bl end (bl end

A) of a | ow crysgehpdnehts)aré Revarspé fromnhgse2 SLERIS/SLER 8, abltlyat theridaof the opteene

substantial ly |1 Fesaipesraegen e ot HERGE N St B hoBplcbvsspinty] SompoglR o1t

E?\(;io gg t he sgggt c; %/ISE) ﬁt}URﬁTﬂluitﬂaiesﬁh@m:gMenam dilheadingragideefiect oni@hore BLEE 1.

canpl e, uhi ch - Parpeaon SEERR RSN 1T e SRRl pud B3 ENEaGE

e e ooy e,
Igr a rBl.'END

penetrati on rela?'\‘lsé vvs pr obe
penetrati on ver shavitgapmeitiidax of D gl1Omirhani asiénsilytdf 0.87g/ccthirndpd witba@ur e

descri bed above@@;ﬁ%’%&i REFINTA P SPRRMNGH el InBBX St 26 gr10min. and a

3
PCT/ US97/ 01180  density 060862 glist.iima 53:47 ratigde give aploverall melindex of ¢.6;9510minr s

according tojhe Rk g3eRdyiofY 885 bRE.
FIGURE 8 shows apparent viscosity at 130 C for single resin and binary
blend, both containing talc and oil. Formulation contained 66.67 percent polymer,
16.67 percent oil and 16.66 percent talc. The single resin polymer had a melt index
of 1.0 g/10 min. and a density of 0.87 g/cc. The oil used was a United States
15 Pharmacopoein (USP) white mineral oil, Duoprime™ 200, supplied by Lyondell
Petrochemical. The binary blend polymer (labelled BLEND in FIGURE 8) contained
80 percent DEG 8180, having a melt index of 0.5 g/10 min and a density of 0.863
glcc, and 20 percent PF 1140, having a mett index of 1.6 g/10 min. and a density of
0.895 glcc, to give an overall melt index of 0.6 g/10 min. and density of 0.87 g/cc.
20 FIGURE 9 shows stress-strain behavior of the single resin and binary blend,
both containing talc and oil. The formulations are as described for FIGURE 8.
FIGURE 10 shows Shore A versus temperature for a single resin and binary
blend, both containing talc and oll. The formulations are as described for FIGURE 8.  :
FIGURE 11 shows the dynamic modulus versus temperature of a single resin \
25 and binary blend, both containing talc and oil. The formulations are as described for
FIGURE 8. t
FIGURE 12 shows thermomechanical analysis (TMA) of 2- and
3-component blends. The 2- component blend (labelled in FIGURE 12) consists of
50 percent EG8200, 20 percent PF1140 and 30 percent Sheliflex™ 371 oil and the
30  3-component blend (labelied in FIGURE 12) consists of 30 percent EGB150, 14
percent PF1140, 3 percent IP-90, 23 percent CaCO, and 30 percent Sheliflex™ 371
oil.
FIGURE 13 shows stress-strain behavior at room {emperature of blends made
from different comonomer polymers of the lower density component, both containing
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(bl'ends B-F), each having the same blend crystallinity (17.8 percent), in
which the .. difference in crystallinity between the conponents is
varied from7.5 percent to 36 percent, and a single substantially

| i near et hyl ene 1-octene copolyner having the 5 sanme crystallinity.

FI GURE 3 shows the softening point under |oad (SPUL) of SLEP 2, STEP 3
and bl end A awolrieased in FI GURE 1. The softening point nean®CTiS97/01180
tenperature at whi ch a TMA probe having a constant force of 1 N

penetrates 1 my; i §iE% RALKER'F Dow Crefital EnEALRSw E%Wiﬁ%%% %efn‘?rﬁdex

determ ning pro edf)enet ration versus tenperature of

Fl GURE 4 shows @&Hdt /10 minead eslensity of 0 &faiscand QowiGhemitalis ARFRIYITY ™ SLy880
SLEP 1 (define %p@v ; ' t resent

- invention, eacﬂ‘ a iaﬁ%e‘?ﬁge)ggr%@ggt'gﬁq?rﬁeﬁgﬂﬁ?gﬁﬁ%‘%rﬁg‘gfoﬁ?l%g’?ea ove and

blend G i scapsisied af Mijsui Setrochemicats TAEMERDLPO#8Qihaving a melindexofidensi ty
ethyl ene pol ymegd min, Ghé Pdedsity of 0.87tg,lccﬁn§ Do@%l’gﬁﬁmﬁhﬁ gh hardness

vs. tenperature plots for a substantia ) Jinear ene 1-octene
copol ymer ( SLEAdescribed abpyel Bachdbiandiwpsicombined with $@phroil.  nventi on, and
conparative bl end CigURESAGhbivS StrésstraibehbAsicht alevateli %Hré(tgf-é‘{ebbgh&ry
substantially |inear ethylene 1-octene copolyner (SLEP 9)" and a hi gher
crystal linity 2besqms blendsmade,from difierans semenamerpplymgrs ofithg lowsedeansity t ene

copol yner ( SLER:gmpohént'dsiit IGURE 13. nunber average nol ecul ar wei ght
(Merr]) of SLEP :ﬁ?g’% ater than that of SLEP 9 Blend CG1 is a

50: 50 bl end!®f | ow | 15iShps Peal stiess st amblentiagd slevated teraperature (FOCHDEP

.10) subst ant i al thi biehtemadetrbi dffafent corhibriiver pEIPMEH BT Iife JoRacdendly | Ng the sane
crystallinity as the correspondi ng conponents of blend H, but the Merr]s

of the | ower 25°°"%B‘?Be’l"figher crystallinity conponents are reversed so that
the Merr] of the | GIBURE 16 showy Rardhéssiviefsys eenifieratareifor tvolpoliiiiirs indritivalle

f the high tallinity t, Blend C1 is f
T ust rat i on ort e FraciokBeiines Grinbs R BARS oL anc the s8inp ol gpacsp netvrier,
gl GURtE 6f s hmt/vs comppekiss withn30 pércerit ol OEGB 16D ie»?evan_tecadﬁba:nd ah@ CL80ea e ablt endt
ensi or two [ Crys ini DO r.co nts a
five bl>/end 30 %"6?"3{3‘?@%&&&% %Ehsv‘*éﬁ'@'%?ﬂyﬁg Sﬁq‘?ﬁ'&%"ﬁq&e a |l ow
crystallinity, g/thmivhand adensiyhofi0:B85igiéd.y | i near et hyl ene 1 -octene

copolymer with a higher crystallinity, higher M ethylene 1 -octene

copol yner and the other pair, SLEP 1/SLEP 10, is a conbination
1. Basic Definitions

20 ~ Unless indicated to the contrary, all parts, percentages and ratios are by
weight. The expression “up to” when used to specifiy a numerical range includes any
value less than or equal to the numerical value which follows this expression. The
expression “cc” stands for "cubic centimeters”. '
The term “polymer” means a compound prepared by polymerizing monomers, \
25  whether of the same or a different type. The generic term polymer thus embraces :
the term "homopolymer™, usually employed to refer to polymers prepared from only
one type of monomer, and the term "interpolymer”, as defined hereinafter.
The term "interpolymer” means polymers prepared by the polymerization of at
. least two different types of monomers. The generic term “interpolymer” thus includes
30 the term "copolymers", which is usually employed to refer to polymers prepared from
two different monomers, as well as to polymers prepared from more than two
~ different types of monomers.
The term "homogeneous" polymers are ethylene interpolymers in which
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of "l ower and hi gher crystallinity substantially linear ethylene 1 -octene

copol ygers i.n whi ch, as stated above for FIGURE 5, t _

| ower and hi gher crystallinity THIS SHEET HAS BEEN
4 WO 97/ 26297 ' : REPLACED

PCT/ US97/ 01180 conponents are reversed fromthose o 02 g e oy o
so that the M WOa9726097t he | ower crystallinity conponent i scwsggﬁlg?m?’han
the Merr] of the higher crystallinity conponent. FI GURE 7

ihl I gst r at fes thﬁ a'nvaEoﬁmD ametb isirlﬁndb'hi_ly Hlj@zilﬁgiljggEu?md a@i\iarﬁhtemlyﬁiwmléggle

ardness for the . abe I r o _pure Dow

‘ENGAGE[ err] 5 E@gﬁff‘@&ah é’ggﬁ’lﬁ&ﬁpplﬁmﬂ &E@%R%éﬁﬁﬁéa'ggnelt I ndex of
1.0 gl /10m n. an¢thyiene/comahener ratioafithin tBatIntgrpolymef.hHobbgedidons pelysieesd of a
pol yol efin el astoner .. EG310 . ' ' f L.h. and a
density of O. 8799%'3@"5?5%%@83%"%" g?\éhﬂﬁg %3@%&%%%&335? g?'r?%P %68%@

AFFI NI TY[ er r |5 PL1RR)) ab detenmined by Hifferential scarining. @lagimedyi(RSCanThessingle density
of 0.902 g/cc, in.a 53;.47 | ' A ' .0

g1 Grin. 0" ancaReRResTaEhS rislel pidhel bk 68"t B8 hni BB Dleng,

appar ent Vi sclosipglymer_mmg@dr!atallﬁitn@sethmﬁmmedltlsie;nmigyed. Thelsingled, bot h
containing talc r,

16. 67 percent Oi@Q@P]@Hﬁgg%;g&g%@%ﬁ%ﬁ%ﬁg&%@gﬁ%@g res)lﬁﬁ{gp%%n%ljrmhad a
mel t i ndex having, apcrystalinityi of at least 3§ pereest isemployed.87 g/ cc. The oil used
was a United States 15 Pharnmacopoein (USP) white mneral oil,

o T o o250, e P8 s B i i o

distribution, M,/M,,, less than or equal to 3 (when the density of the interpolymer is
less than about 0.860 g/cc) preferably less than or equal 825 '

In addition or in the alternative, the homogeneity of the polymers is typically
described by the SCBDI {Short Chain Branch Distribution Index) or CDBI

15 {Composition Distribution Branch index) and is defined as the weight percent of the
polymer moleculés having a comonomer content within 50 percent of the median total
molar comonomer content. The SCBDI of a polymer is readily calculated from data

- obtained from techniques known in the art, such as, for example, temperature rising
elution fractionation (abbreviated herein as "TREF") as described, for example, in

20 Wild et al, Journal of Polymer Science, Poly. Phys. Ed., Vol. 20, p. 441 (1982), in
U.S. Patent 4,798,081 (Hazlitt et al.), or in U.S. Patent 5,089,321 (Chum et al.) the
disclosures of all of which are incorporated herein by reference. The SCBDI or CDBI
for the homogeneous linear and for the substantially linear ethylene/a-olefin polymers
used in the present invention is preferably greater than 50 percent.

25 Heterogenous polymers are ethylene/a-olefin interpolymers characterized as ]
having a linear backbone and a DSC melting curve having a distinct melting peak I'
greater than 115°C attributable to a high density fraction. Heterogeneous
interpolymers will typically have an M./M, greater than 3 (when the density of the
interpolymer is less than about 0.960 g/cc) and will typically have a CDBI less than or

30 equal to 50, indicating that such interpolymers are a mixture of molecules having
differing comonomer contents and differing amounts of short chain branching.

The crystaliinity in reference to an ethylene polymer is a well known property
of ethylene polymers. Various techniques have been developed to measure ethylene
polymer crystallinity. ' '
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80 "percent DEG 8180, having a nelt index of 0.5 g/10 min and a density of
0.863 .. g/cc, and 20 percent PF 1140, having a nelt index of 1.6 g/10
mn. and a density of 0.895 g/cc, to give an overall nelt index of 0.6
g/10 mn. and density of 0.87 g/cc. 20 FI GURE 9 shows stress-strain
behavi or of the single resin and binary bl end, both containing talc
and oil. The waremb297i ons are as described for Fl GURE 8. PCT/US97/01180 GURE
10 shows Shore A versus tenperature for a single resin and binary

D} 1, Ot cont al e e e BeMETBLRIARR o et 2o 1
‘t enper at ure of raorm'megds (for mmﬂaﬁon-ﬁrmdtioﬁammwlm-olbm intecpolymers), tre t al C
and oil. The f r

FI GURE 12 shows ggtga .nQ&‘ ysr s%&h?f%? p%lﬂ'rg‘{éfmg%he fodowiddonent
bl ends. The 2- egaaﬁrmnent bI end (| abel led in FIGURE 12) consists of 50

per.cent EGB200, 20 percent PF1140 eII [err] 371 oil and
t he 30 3-c§rrponent bl end (I abell e %&E@Zf’% 5) s of 30 percent

EG8150, 14 phicbparcentQ isttbe psropﬁrmalwmoﬁlbﬁ eﬂﬂ'lqnerpolsner C@.Gﬂrer r] and
30 percent - Shelcl

trbesestrai n 1SRRIt polymes Ghich s 0 gercgt crvstafy Rt € hopgffen:
di fferent conoramarphqus) gtreom tefperaturd (/852 ofwr)sp.representothe tiensityasf an
89?22'28'7 ng ethylene polymer at 100 percent crystallinity at room temperature (§ 000 g/cc.) and p
PCT/ US97/ 011080 represents the density of the polymer for which the percent crystallinity is being.
determined. Density may be determined according to ASTM D792 in which the
samples are annealed at ambient temperature for 24 hours before the measurement
is taken.
Another method for determining the percent crystallinity of an ethylene

15  polymer relies upon differential scanning calorimetry (DSC). The percent crystallinity

may be calculated with the equation:
percent C=(A/292 J/g) x 100,
in which percent C represents the percent crystallinity and A represents the heat of
fusion of the ethylene' in Joules per gram (J/g).

20 Another method by which crystallinity can be determined is through the use of
wide-angle X-ray diffraction (WAXD). The percent crystallinity may be calculated with
the following equation:-

- percent C=(A. /(A,+ A ) x 100, |
in which perceht C again represents percent crystallinity, A represents the total area \

25 under the crystalline peaks of the WAXD pattern and A, + A represents the total area |
under the WAXD pattern, A, representing the amorphous peaks.

When the ethylene polymer is a nonfunctionalized ethylene polymer, the
method for determining percent crystallinity based on polymer density is preferred,
and for any ethylene polymer the method based on DSC is preferred over the method

30 based on WAXD.

The term "softer_aing point under load® (SPUL) means the temperature at
which probe penetration of 1 mm into the polymer is achieved using a device capable
of applying a constant force of 1 N to a fiat tip probe having a diameter of 1 mm while
raising the temperature of the polymer from 25 C at a rate of 5 C/minute under a

8



oil. One blend consisted of Dow Chem cal ENGACE[err] EG3100 having a nelt
I ndex s of 1.0 g/10 mn. and a density of 0.87 g/cc and Dow Chem cal's
AFEI NI TY[err] PL1880 having a nelt index of 1.0 g/10 mn. and a
density of 0.902 g/cc. The other blend consi sted of M tsui

Petrochem cal's TAFNER[ err] P0480 having a nelt index of 1.0 ] N.
and a density &O L idd g/ cc and Dow Chemical's AFFIN TY[err] pf%é%lﬁ&l%
(descri bed above). Each-bl end was conbi ned with 50 phr oil.

FI GURE 14 shows rittoges atmésphere. (Oneautiodevide ieh ememwuetoaa‘mm AhblyLer((PRR) shen

Componont as | n BN TRA 1gse 5 PERTREREF b OmiTE ety  fie e@eEuraar ont

and el evat ed t ercoaducting thig 188G described in mdre déthibindbe Brahaplés settich bélewent

o Shows. har dness verbhaopeiiort EREb dpproyma el YRR g oo emperyre ot '

dual react or spolwhicirthe ShpresA bardmess/of the polyoiet, oa polymbrebleradris aboat 45.eact or

pol ymer 15 conposition with 30 percent oil. EGB100 is the same as above
and CL8003 is a pol yner avail able from The Dow Chem cal Conpany havi ng
a nelt index of 2.0 Compopérts)(Ain(B)and (8) density of 0885 g/ cc. '

Basic Definitions 204, maeone,bw.Eﬁﬁeéé?ghﬁﬁ&ﬁ%]e%goﬁgﬁgg W:\Y% ?rgker%ﬂ At used

percentages and rati oS

to specifly a nueastpreasubstantially lingdr ethyiena polymer (SLER), t!nawh@as:rystwlmutpbf Equal to
t he nuneric % "cc"
stands for aﬂcub%@é‘% %;506& Hgﬂi"’sTﬁé‘é@stSﬁi%%ﬁA(ﬁ%‘g rélfg'l%blglat Iea?‘ﬁ)éé'

conpound pr epar @®eferpbly yp\ieBe percent. mmﬁ@blyzxptoamemmmewamm or a

different type. pmsrassre,srmsb%&\tpeb ﬁeﬁ:mﬁsﬁmé&ﬁfa obtHfiabie" By

"honopol ynmer ", usual ng to re er to polyners pre are
one type of rmné‘ﬁl‘;'ﬂa'ﬁﬂﬁ‘l"ﬁ ¢83lyst i nt er pol ymer ", as defined here| nafter.

The term "interpol ymgom paﬁama)n@bmeamn@ﬁaﬁ@g'eﬁéoworm@rﬂéhm pPn of at

| east two different of nononers. generic term I nterpolyner” thus

pes
i ncl udes 30 15t h@qygieﬁ?{‘ \ing % prystalinity of ﬂHPE‘H 5.P§f°&§harqf§ra@ma! ig9 J0thergest.er to
pol ynmers prepar esbré pfiferably at least 21.5 percent and preferably up to 80 percent, more

preferably up to 60 percent. even more preferably up to 50 percent. However, when
component {A) has a crystallinity greater than or equal to 21.5 percent and a meit
index (M) < 10 dg/min., component (B) is preferably a homogeneous polymer.
20 SLEPs, linear low density polyethylenes (LLDPESs), low density polyethylenes
(LDPEs), high density polyethylenes (HDPESs) , ethylene terpolymers and ethylene
copolymers with carboxylic acids, esters and salts, such as ethylene vinyl acetate
(EVA), ethylene acrylic acid (EAA), efc., are among the ethylene polymers that may S
be used as component (B). SLEPs are preferred. ‘
25 Optional component (C) is at least one homogeneous ethylene polymer, ’

preferably at least one SLEP, having a crystallinity of at least 7 percent, preferably at !

least 14 percent, up to 73 percent.
Components (A), (B). and (C) are preferably sufficiently compatible with each
other that they are miscible in each other when in the moiten form. The polymer
30 midure of this invention is preferably a single phase mixture when in the molten form.

Homoggneous Ethylene Polymérs

The homogeneous polyethylenes that can be used as components (A), (B).
and (C) of this invention fall into two broad categories, the linear homogeneous

9
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two different nononers, as well as to polyners prepared fromnore than two

di fferent types of nononers. ' The term "honbgeneous" pol yners
are”ethyl ene interpolynmers in which '

6 any comononer is randomy distributed wi Emﬁ HER E%?BEEN
I nterpol yner nol ecul e and substantially all of theLinie

mol ecul es havevg $weemane et hyl ene/ comononer rati o withi PEHHI7/01180

| nt er pol ymer. Honbgeneous polyners generally are characterized as
havi ng a single i sipifet e jed by
differentiaf scpgﬁ%hg{&“g 'g‘ﬂﬁrere %M%Q:rﬁmsqeﬁuefu hﬁéhegt P:ngﬂ%eak may
be relatively Iknowd, such as is the case when an ethyl ene pol ymer

having & CryStal 11 niotndoiends iy YiyRifeoRime € nVBbRY 60k cHifingril) ©

mel ti ng peak nmay be's such as i's the ‘case when an et ene pol yner
havi ng a cryst zvailatile. yAs)exemphﬁesueu SdPatent den 8,648.982s Bsten. honmeneous

Hormbgeneous 500 & rf“/"*% e rﬁﬂrﬁﬁ?se ﬁﬂeereH i &rﬁeﬂiﬂnﬁﬁi&lﬁﬁeﬁéﬁﬁ&m ocesses

di stribution, an or equal to 3 '(when the density of
t he interpol yrrs:sungszlegler-tvma@alymwcamsutor exaygpie, gvréer)lumuaé#@amWn catalyst han

or equal to 2. t t S4Bt
honogenei ty of ﬁtems L{/ﬁé?%aqtghld’;%@ﬁb??%ﬂén étrhésdgell‘ggd by tthﬁgﬁg‘lggn(tohort

prc
Chai n Branch Di M“b%ﬁtﬂ' shisclose the usgrof E|9Eﬁ“°'£5‘e GEtalysio sHeh Fncatglyst sygamson
Branch I ndex) apfed an AeiuAE fordfe préBardBorérhoRfig6REYus Ghedriéthylene polymers.

10 Homogeneous linear ethylene polymers are typically characterized as having a
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.

The substantially linear ethyiene polymers (SLEPs) are homogeneous

15 polymers having long chain branching. They are disclosed in U.S. Patent Nos.
5,272,236 and 5,278,272, the disclosures of which are incorporated herein by
reference. SLEPs which are available from The Dow Chemical Company as
polymers made by the Insite™ Process and Catalyst Technology such as Affinity™
polyolefin plastomers (POPs) and as Engage™ polyolefin elastomers (POEs).

20  Specific examples include polymer products designated EG 8100, EG 8150, PF
1140, CL 8003, PL 1880, SM 1300 and SM 8400, each of which is commercially
available from The Dow Chemical Corporation. SLEPs can be prepared via the
solution, slurry, or gas phase, preferably solution phase, polymerization of ethylene
and one or more optional a-olefin comonomers in the presence of a constrained

25 geometry-catalyst, such as is disclosed in European Patent Application 416,815-A,
incorporated herein by reference. The constrained geometry catalysts are described
in more detail later.

The term "substantially linear" means that, in addition to the short chain
branches attributable to homogeneous comonomer incorporation, the ethylene
30 polymer is further characterized as having long chain branches in that the polymer
" backbone is substituted with an average of 0.01 to 3 long chain branches/1000
carbons. Preferred substantially linear polymers for use in the invention are
substituted with from 0.01 long chain branch/1000 carbons to 1 long chain

10
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pol'ymer nol ecul es havi ng a conononmer content within 50 percent of the

medi an-t ot al, mol ar cormononer content. The SCBDI of g_polyger.is
readily calculated fromdata - obt ai ned from techniqu sTmscsﬂEElTri-IASIBEEN
art, such as, for exanple, tenperature rising el uti

(abbrew ated herein as "TREF") as described, for exanple,
al , Journal ofWP8FR68t Science, Poly. Phys. Ed., Vol. 20, p.
U.S. Patent 4,798,081 (Hazllti et al.), or in U.S. Patent 5,089, 321 (Chum
et al.) ) Tharaﬁaamomearmal and more preferabdy fropm0.98 tangLchainibnareh/1800 for t he

substantially lin | enel.[ err | ymer s used in the
‘present inventi BW%P%S '[5’r‘l 9 "{ graplég?@?aﬂ%oﬁl%o percent 25
Het er ogenous pol ynera.oagehahlbydmnag'[(&(:e} mhasamaimleegm@lfghleas; 6adagbamst er i zed

7ol ting ponk SO Re el CerapCh etry e i, R hyGeat Hadhog P 7!

fraction. Heser e@bname$pectroscopm eEqohl Ipneclsalmbﬂahcltl}qatbastme bemenamerM M err |

Sbout 0. 960 o/ cPEHERRTfs (8 Bohiér Broibiife and caniBiE16%| STRE pbimeEiubiile | |

50, indicating Wha:l'ntsslaﬁaahed.erpol ynmers are a m xture of nol ecul es haV| ng
branchi ng. T Skl for iR RpRbS oBer el n e

pol yner is a welpblykews/iby qarmo'éﬁ% nyciear magmetletengnaane(wwmoscvay andjis
techni ques ﬁﬁveqﬂﬁrﬁﬁeﬁ'ﬁéfﬁé BiiHethés SERABEFLPRENaR (ev. MacroRf \CHH. Phys.,

crystallinit
WO 97/ 26297 C.29, V. 283, p. 285-297), the disclosure of which is incorporated herein by

PCT/ US97/ 01180

reference.
As a practical matter, current 3C nuclear magnetic resonance spectroscopy
cannot determine the length of a long chain branch in excess of six carbon atoms.
15 | However, there are other known techniques useful for determining the presence of
long chain branches in ethylene polymers, including ethyleneh -octene interpolymers.
Two such methods ére gel permeation chromatography coupled with a low angle
- laser light scattering detector (GPC-LALLS) and gel permeation chromatography
coupled with a differential viscometer detector (GPC-DV). The use of these
20 techniques for long chain branch detection and the underlying theories have been
well documented in the literature. See, for example, Zimm, G.H. and Stockmayer,
W.H., J.Chem. Phys., 17,1301 (1949) and Rudin, A., Modern Methods of Polymer
Characterization, John Wiley & Sons, New York (1991) pp. 103-112, both of which K
are incorporated by reference. : l
- 25 A. Willem deGroot and P. Steve Chum, both of The Dow Chemical Company,
at the October 4, 1994 conference of the Federation of Analytical Chemistry and !
Spectroscopy Society (FACSS) in St. Louis, Missduri, presented data deinonstrating
that GPC-DV is a useful technique for quantifying the presence of long chain
branches in SLEPs. In particular, deGroot and Chum found that the level of long

30 chain branches in homogeneous SLEP samples measured using the Zimm-
Stockmayer equation correlated well with the level of long chain branches measured
using *C NMR.

Further, deGroot and Chum found that the presence of octene does not
change the hydrodynamic volume of the polyethylene samples in solution and, as
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Wren the ethyl ene polyner is derived exclusively from hydrocarbon
nmoroners (for exanple, non-functionalized ethylene [err]-olefin

i nt"er pol yners), the crystallinity can be determned fromthe density
of the polyner using the follow ng equation: 5
percent C = (p - p[err]) / p (p[err]- p[err]) x 100 I n which percent C

is the percemosmszdaral linity of the ethyl ene pol yner, P[err]|POTIS9FB1180
density of an ethyl ene pol yner which has 0 percent crystallinity (that is,

oo Dot 8t neStpt N Gl Ebb o RO SR Brdalle S Bsie o o dor
-gr ystalli PI tK chaim bnanenasmydmwug&Qmolemmgnmpt@eamuxeysamle rBypd&semwmmghe

t t
et or i ned. | DolBEpYPBluch(l i baBnRRbERs g“‘?s'ak\*sir%s%ﬁ?'ﬁa"ﬁ? ch the
sﬁgggtsz rrg:1 te anhaafm @Gwmr@rﬁhmﬂmedﬁw@% mewssdfmﬂmfvtthﬁl  the
per cent cryst al®’ |!°${°§‘8 Qigrt]araeq[ ?ﬁ'gr?le’bsﬁmégqhgggetﬂ% | esér%poﬁagakgerengl al
scanni ng cal ori net rqeqmndmmgeamuwgtmmm@a Melt Index)apa

calculated wit t A e Molecular Weight) as det @ nt
2 N 265" o !tk FUIBIAEL Wejght Aversge Molecular Weight) as determined by GBE(F

crystallini ty ilustrates that the @ﬁ9§h?'héfﬂﬂ§'§ﬂ9 aspects (butmatihg gxient QfH@QaerWhmui in
Joul es per gr aB?é"#]F@are%Qm arable tot?ﬁpéfhﬁg’h Mﬁdhﬁﬁly‘w&&he&gyﬁﬁkw nity can

be deternmned Is throu e use de- an X-ra racti on

(WAXD). Thdo pep@lwbvlen%!?&ﬁv ph arp c!Paglv digtinct frem)| emv!a&e\npwers prodigged Usingl owi ng

equation: - Zlegler-type catalysts such as tltanium complex@SariedHinbry ctaR/sts fof makiRg M1 +
Alerr]) x 100. whi'ch percent C agaln represents percent

crystallinity, hﬂP@ﬂW!‘%ﬁ?‘ﬂ@%’ﬁﬂcftQFEhﬂf‘Ul"ﬁla“QP’%%FdQ{’P CopRI®teSt he crystalline
peaks of the WAXD pﬁéﬂéiﬁyknﬁmicléfwhfe}ﬂbly%éﬁ the RAG eﬁéwbﬁnéﬁ'lﬂ |6nyea{haﬂrtﬁé1

under the WAXD ttern erré{eﬁrese ting the am)kﬁ ous. pe

Wien the et hyl n brapch tha f'&ﬁ'c’ ?QG"‘@‘t gP‘ "&I‘W t he
met hod for et ﬁayhafmmec%beﬁw&bmdecmmmg@ﬂeen ENEWE brafiEifg Iy 1S
preferred, and for any et hélgélg?oéﬁ%m nmer. the based Qn D Cis

preferred over theRibsiantp) inegyethy plymers 5a e inveption,
sof t eni ng poi Ninaniéktéd é@éﬁanéeﬂ?hb&loﬂi&lﬁﬁp&ﬂﬁés hﬁi&ﬁﬁfe&idﬂhﬁiﬁtand expressed

herein in terms of gas extrusion rtheometry (GER) results and/or melt flow, 1,4/1,,
increases. ' |
20 In contrast to the term "substantially linear”, the term "linear" means that the
polymer lacks measurable or demonstrable long chain branches, that is, the polymer
is substituted with an average of less than 0.01 long chain branch/1000 carbons.
SLEPs are further characterized as having:
{a) a meit flow ratio, 1p/l, > 5.63, l
25 (b) a molecular weight distribution, M,/M, as determined by gel
permeation chromatography and defined by the equation:
(MJM,) < (14o/2) - 4.68,
{c) a critical shear stress at the onset of gross melt fracture, as
determined by'gas extrusion rheometry, of greater than 4 x 10°
30 dynes/cm? or a gas éxtrusion rheology such that the critical shear rate
at onset of surface melt fracture for the SLEP is at least 50 percent
greater than the critical shear rate at the onset of surface melt fracture
for a linear ethylene polymer, wherein the SLEP and the linear
ethylene polymer comprise the same comonomer or comonomers, the
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which probe penetration of 1 mminto the pol ymer is achi eved using a device
capabl e . of applying a constant force of 1 Nto a flqrr._t..t..p_p.n.ab.e_ha.smg
a djaneter of 1 nmwhile rai sing the tenperature of |{ThHS SHEETASS BERN

25 C at arate of 5 ¢ mnute under a REPLACED
8 \\O 97/ 26297 :

: : TUS97/011
PCT/ US97/ 01180 WO 97/262 mtrogen at nosphere. One such device is PCT 97101180
Ther noMechani cal Anal yzer (TMA) such as Model TMA-7 nade by t he

Per ki n- El mer .I nstrunent Obmqmnynylemmolpmecmﬁfelz.w and densiy\Wilbin teryperbént
test is described in nore: %&@thlal?'d r%i( nﬁﬂshgér%\fesofthe
y r| ng t

The softening point can be appr oxi mate tenperature at 5
whi ch the Shore A hardnes§LEPanﬂ§lede§Mh¥lenﬂPth9rm melasyred at thesbmetmelt .

2. Co t A B to| t
mponents (A), (B), pégf%rét@eusm‘gf egasqxtrusnom%ﬁf?east O'S al leas

one honpgeneous et hyl ene ne
substantial |y |inear (& hylamlepﬂ)ﬁe]ml %@DBPQ calnametny, DEG melting peiakibetwesh -0
10 percent up to 50 perceglyng 16@ccrystallinity of (A) is preferably at

| east 2 percent and pre?era ly up to 30 percent, nore preferably up

to 20 percent, and even nor r abl to 15 percent, Conponent
(A) is preferably of Q.?'Q’VB@"%?’&P‘PIS’%P@’ s&garraea d critiRg) SQB?Ftﬁ'SF? {pdegrrds to

catal yst. mel fracmr&‘emn 88 btheFheblbgy prob6ries siihcas REBIESER PriteSsing
heterogeneous et gex (P, is performed using a gas extrusion rheometer (GER). The gas extrusion
10 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-
99, both of which are incorporated by reference herein in their entirety. GER
experiments are performed at a temperature of 180 C, at nitrogen pressures between
15 250 to 5500 psig using a 0.0754 mm diameter, 20:1 L/D die with an entrance angle of
180°. For the SLEPs described herein, the Pl is the apparent viscosity (in kpoise) of
a material measured by GER at an apparent shear stress of 2.15 x 10° dyne/cm®.
The SLEPs for use in the invention includes ethylene interpolymers and have a Pl in
" the range of 0.01 kpoise to 50 kpoise, preferably 15 kpoise or less. The SLEPs used
20 herein have a Pl less than or equal to 70 percent of the Pl of a linear ethylene
polymer (either a Ziegler polymerized polymer or a linear uniformly branched polymer
as described by Elston in US Patent 3,645,992) having an |,, M,/M, and density, each
within ten percent of the SLEPs. _
The rheological behavior of SLEPs can also be characterized by the Dow \
25  Rheology Index (DRI), which expresses a polymer’s "normalized relaxation time as
the resuilt of long chain branching.” (See, S. Lai and G.W. Knight ANTEC *93
Proceedings, INSITE™ Technology Polyclefins (SLEP) - New Rules in the
Structure/Rheology Relationship of Ethylene a-Oefin Copolymers, New Orleans, La.,
May 1993, the disclosure of which is incorporated herein by reference). DRI values
30 range from O for polymers which do not have any measurable long chain branching
(for example, Tafmer™ broducts available from Mitsui Petrochemical Industries and
Exact™ products available from Exxon Chemical Company) to about 15 and are
independent of melt index. In general, for low to medium pressure ethylene polymers
(particularly at lower densities) DRI provides improved correlations to melt elasticity
' 13
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15~ 'poI ymer having a crys't allinity of at least 5 percent, preferably at
| east 10 percent, nore preferably at |east 21.5 percent and

preferably Up to 80 percent, nore preferably up tqﬁ.ﬂ‘J BEEW'
nore preferably up to 50 percent. However, when npone EEZA%EI%
crystallinity greater than or equal to 21.5 percent and

(M) < 10 dg/wowzs2spnponent (B) is preferably a homgeneousrﬁaﬂ"?ﬂmusozo
SLEPs, |inear |ow density polyethylenes (LLDPES), |ow density pol yethyl enes
(LDPES), i gh %S&ﬁ%gméhgﬁlﬂ\ﬁ%ﬁﬁf{g ﬁva(tﬁlaﬁﬁasmetohwe@aﬁ\eta@ma{wwmmow

et hyl ene Ic acld esters and salts, such as
et hyl ene vi nyl rattoe.t Epethe SLEP§IQ§#}" '"&'ﬁWQﬁ@“a@RVF preferably at leash0-1.@nd | are

among the et hyl g,%%.afn%vﬁsé%é Ak nﬁwespec.an)bﬁ 164520, SEDRF SR Gt frordiL EPS
are preferred. C&) I'onal conponent (C) is at |east one honmpbgeneous
et hyl ene pol ynthe equation:pr ef erabl y at | east one SLEP, having a crystallinity
of at Ieast57 percent, preferably at | east 14 percent, up to 73

percent. nen A, ( and (C) are preferably
sufficiently conpati bl e% %%r’t?& g" &fﬁéu‘wﬁ%t they are miscible in each
other when in R,J?,%[&P i}ﬁe c&%@ar&i&eﬁ%wmrme?&théwfeﬂéﬁnafq tid¥ing Zefvétizai On i s

preferably a single ase m xture when in the nolten form®

Honobgeneous Et Wﬁ'd’ﬁimﬁﬂa* Both = and n a'ﬁféemﬁﬁb@;ém!@ﬁfsmﬂaﬁ GEsRy| enes

t hat can be us E’Cfp,gpignents (A, (B) and (C) of this |nvent|on
fall into two roa tategories, the |linear honpgeneous
9 10 nin, = W1+ (1))

in which n is the power law index of the material, and n and y are the measured
viscosity and shear rate, réspectively. Baseline determination of viscosity and shear
rate data are obtained using a Rheometric Mechanical Spectrometer (RMS-800)
under dynamic sweep mode from 0.1 to 100 radians/second at 160 C and a Gas

15 Extrusion Rheometer (GER) at extrusion pressures from 1,000 psi to 5,000 psi (6.89

" to 34.5 MPa), which corresponds to shear stress from 0.086 to 0.43 MPa, using a
0.0754 mm diameter, 20:1 L/D die at 180 C. Specific material determinations can be
performed from 140 to 180 C as required to accommodate melt index variations.

An apparent shear stress versus apparent shear rate plot is used to identify

20 the melt fracture phenomena and quantify the critical shear rate and critical shear
stress of ethylene polymers. According to Ramamurthy in the Journal of Rheology,
30(2), 337-357, 19886, the disclosure of which is incorporated herein by reference,
above a certain critical flow rate, the observed extrudate irregularities may be broadly
claséiﬁed into two main types: surface melt fracture and gross melt fracture.

25 Surface melt fracture occurs under apparently steady flow conditions and
ranges in detait from loss of specular film gloss to the more severe form of
"sharkskin." Herein, as determined using the above-described GER, the onset of
surface melt fracture (OSMF) is characterized at the beginning of losing extrudate
gloss at which the surface roughness of the extrudate can only be detected by 40X

30 magnification. The critical shear rate at the onset of surface meit fracture for the
SLEPs is at least 50 percent greater thén the critical shear rate at the onset of
surface melt fracture of a linear ethylene polymer having essentially the same |, and

MM,
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- " polyethylenes and the substantially |inear honogeneous pol yet hyl enes.

Both are . known. Honogeneous |inear ethylene polyners
havée | ong been commercially . avail able. As exenplified in U S. Patent
No. 3,646,992 to El ston, honbgeneous 5 |linear ethylene polynmers can be
prepared in conventional polynerization processes usi ng l%i.l.ﬁ%.%ﬁWpe

catal ysts such w9737 exanpl e, zirconium and vanadi um cat al yst
systens. U. S. Patent No, 4,937,299 to Ewen et al. and U.S. Patent No.

5,218,071 to _ Ts@itoss'neft fradture sbchirg|abaRstédty exthsia flowedanditionsasd ranges
catal ysts, such as catal yst s

stens, . based on, haf ni for, the
preparation of hiﬂrﬁf&@rﬁ"@ﬂlf?gwﬁﬁ@ﬁ?m%‘fWPwrgm gg'cfge%mﬁ%mgﬁ'eous
i lnearl et hyl _enﬁ &gﬂohﬁﬁé.EF@Tdanﬁﬁ@éiﬂdcb?ptaﬂﬂwmoﬁadmized\eazerfoam'mg pa_)pertlies of
mol ecul ar wei ght _di stri bution err e 0 2
avai | abl e exanpl B8 “at'"gsoqndﬁﬁ%%éhfééelqeféggrsmgﬁlﬁ% gﬁémﬁmﬁgﬁﬂic hue_ole
t hgsg Sg( d bYSCh/l brtichl dﬁec’(a)rf sebe st thebnset of grossTielsracters fersher EERs, [eepedialiyesi ns
and by Exxon Chepnica Tpany..as cilerrl.r -
substantial l'y |iHos¢ L%‘f"?ﬁ?@ﬁé’%%?ﬁép}é' pstﬁég\p%ntﬁg%rgﬁtgaﬁ?nf Sol yners
ga\zlgggzggng ghgi a%r{amﬁﬁs 272.h1'mgcriti§b|®geafret_ec&tmelmetbf:sufaﬁe&telmme (PBWIF) and
: : an : r
Chem cal Corrpanyﬁﬁs‘jnset °fgf?3fm?b5@§?¥]d@t}f/ﬁt ]ég%/ﬁésél te %’r‘ E’? r%'c?@%sm %ﬁﬁgs of
E:gtc; I[ yst ] ;I'ec hnol sgfacewaighness/dntiiconfigurationg of the extpidatps Iexll'ud[:adrhyﬁﬁﬂer s
err and as_En ' 0 4 alge=te
Specific exaﬁgl e?‘&?{gﬁg‘ﬁég%%@%Jr%p‘l?hgédl%"géﬁ?sll gnaf:%éi%é %%&é%;%gle PF
1140, CL 8003, Phrsi&aglenepoiirier®df thedn@htiGnaei bydtsshitical shaar stegsavhepusedeal | y
avai l ble from Thﬁ_| Ds% Q“e 'gﬂaél Wé??»iﬁkiirﬁ)&ntiaﬁ[LEps can be prepared via the
solution, slurry, € %s%as@o preferably solution phase, polynerization
of ethyl ene and OheeSIEPsused intpeinyaationase plso gharpctarized by asgle DBR t he
presence of a co [ : ISl ' i EsrfPhha N
B opean Pt ont RSB paRE e AR Tiphie Gl dtbrmifgiiuiie’s e sOBlhg 1
catal ysts ar dsdesalofipeter standardizedwjthdindium snd dpigpiged water. The method inyplyes g/ 1y

"substantially | im;gg.ﬁpnérﬁﬁé&abmatmam bk 18000 whithi1Rel6 fop umifiRas,a cool
branches attri but e 't o _honbgeneous cononomer incor porﬁt ion, aa&rﬁi htyl ene
30 polymer is fdpwnetiQG/minde 30 G whichis held fond minites. apdiheatiyp ah It hat

the pol ymer 140 C for the "second heat”. The single melting peak is taken from the "second heat"
heat flow vs. temperature curve. Total heat of fusion of the polymer is calculated
20 from the area under the curve. '
For polymers having a denslty of 0.875 g/cc to 0.910 g/ce, the single melting
peak may show, depending on equipment sensitivity, a “shoulder or a "hump" on the
low melting side that constitutes less than 12 percent, typically, less than 9 percent, _
and more typically iess than 6 percent of the total heat of fusion of the polymer. Such i
25  an artifact is observable for other homogeneously branched polymers such as "
Exact™ resins and is discerned on the basis of the siope of the single melting peak
varying monotonically through the meiting region of the artifact. Such an artifact
occurs within 34 C, typically within 27 C, and more typically within 20 C of the melting
point of the single melting peak. The heat of fusion attributable to an artifact can
30 separately determined by specific integration of its associated area under the heat
flow vs. temperature curve.
The SLEPSs are analyzed by gel permeation chromatography (GPC) on a
Waters 150 C high temperature chromatographic unit equipped with differential
refractometer and three columns of mixed porosity. The columns are supplied by
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backbone is substituted wwth an average of 0.01 to 3 long chain

br anches/ 1000 carbons. Preferred substantially linear polyners for use
In the invention are substituted with from0.01 | ong chain branch/ 1000
carbons to 1 long chain : 10
branch/ 1000 carbons, and nore preferably from0.05 | ong chain branch/ 1000
carbons to 1 Ilywoegrmwker n branch/ 1000 car bons. " LonRCEHA7{91180
branchi ng" (LCB) nmeans a chain |length of at |east 6 carbons, above

whi ch the | engt i I 5
resonance sﬁect?ﬁ'g@g%%ogg%%sls%ﬁgw al ngbygé&ﬁdhas %%&r‘r’gq%ﬁﬁqsgé&
di stribution as10®*h@hpeblyemtis hadkthchiirobendene frorewhich O@r@rtamt bheeipht yner

backbone to solmhg Btk sbﬁsﬁll%% Tea%cﬂ@gare% fc1r injection. Thd- ﬁkﬁu Rité RS 0RuRih, L

chain branchi ng“can deter I'n et mers by usl hg ferr] C
nucl ear magnet i operatingriemperalurdiv)149 Se end ﬁ@ompgt-oameusm miceplitens.i fi ed using

t he met hod discrl be il mBRBE e Aétﬁ%}étem%ﬁﬁdﬁ M reSHo thE BSlymer zackb?}&f?ig’ V.

283. p. 285 97) ract |ca matter, currént |err
nucl ear magnet i dedused hyHeing BITEAW mebeujwvelght distribtion pelkstyrenerptandartie (frammgt h

of a long chainp, &gﬁﬁmuo&ts‘ﬂss? oﬂ,p aaogvmﬁmumwwé ﬁe%u.ogemt here

are other known t ues use etermning the presence | ong

chai n branches polv&thvlsn%melewrm'%s are dletermingd bwﬁrys @Reroptaje MarHouwink
| nterpol yners. ef amflo? o ethidriansa pRlyStyfiitle (RS 888 AbéPBY WiKRRPERONARI W

coupled with a
P 10 Joumal of Polymer Science, Polymer Letters, Vol. 6, p. 621, 1968) to denve the

equation Mpgiyethylene = @ * (Mpolystyrene)®-
In this equation, a = 0.4316 and b = 1.0. Weight average molecular weight,
M, is calculated in the usual manner according to the formula
M. = Z(wi x M,))
15  where w, and M, are the weight fraction and molecular weight, respectively, of the ith
fraction eluting from the GPC colhmn.
_ SLEPs are known to have excellent processability, despite having a relatively
narrow molecular weight distribution (that is, the M,/M,, ratio is typically less than 3.5).
Moreover, unlike homogeneously and heterogeneously branched linear ethylene
20 polymers, the meit flow ratio (412} of SLEPs can be varied independently of the
molecular weight distribution, M,/M,,.
Accordingly, the first ethylene polymer, Component (A), of the inventive
polymer mixtures is preferably a SLEP.

25  Heterogeneous Ethviene Polvmers
The heterogeneous polyethylenes that can be used in the practice of this

invention fall into two broad categories, those 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
30 low density polyethylenes (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 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
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| aser |ight scattering detector (GPC-LALLS) and gel pernmeation

chromat ogr aphy coupled with a differential visconeter<detectar
(GPC-DV). The use of these 20 techniques for |ong chain TS ISHEET HAS BEEN
and the underlying theories have been wel | docunenteq in tREPLACED

literature. See, for exarrple Zimm G H. and Stockmayer, VI Chrem
Phys., 17, 1301“’@1“3@93 and Rudin, A, Mdern Methods of Polyne SY7/0110
Characterization, John Wley & Sons, New York (1991) pp. 103-112/ 25

A WIllemdeG oabsaﬂﬂ derdﬁblamaaerolybwnbed)lhoﬂ’dimemns phamdznt frbm Gosrbaokibone.

and e spect r SRR BPRhiipi B (e b3 R St By e B Y
dat a denonst r at i00865 gicc ist ﬂyplball@la(hcﬁ\bpplymr ofathyléne, aodhit containé oslatnrakyriewf yi ng
2nd “Chum found. (R AN Eeatve g e3AG0Egine s cBpitiherd dh eBfhems oty 3. itens
SLEP sanpl es srrea-mrea wesll kngwh, rmmZmern:ially availabf incarisyscgrades, and may 6o used it ed
well with the | (?'\l/'el gf 2Nng chai n branches neasured using [err] C NVR
Further, deG oot "afy '@H’um found that the presence of octene does not
change t he hy dr ody naidnear cdpelymers oftetiylgnel andtah igasttnesaalpfiresf 3 to 12adaridonon and,
gséT /1 US97/ 01180 atoms, preferably of 4 to 8 carbon atoms, are alsol\illell known and com\rﬁ\grc?az{yz 6297
available. As is well known in the art, the density of a linear ethylene/a-olefin
10 copolymer is a function of both the length of the a-olefin and the amount of such
monomer in the copolymer relative to the amount of ethylene, the greater the length
of the a-olefin and the greater the amount of o-olefin present, the lower the density of
the copolymer. Linear low density polyethylene (LLDPE}) is typically a copolymer of
ethylene and an a-olefin of 3 to 12 carbon atoms, preferably 4 to 8 carbon atoms (for
15 example, 1-butene, 1-octene, etc.), that has sufficient a-olefin content to reduce the
density of the copolymer to that of LDPE. When the copolymer contains even more
a-olefin, the density will drop below about 0.91 g/cc and these copolymers are known
as ultra low density polyethylene (ULDPE) or very iow density polyethylene (VLDPE).
The densities of these linear polymers generally range from about 0.87 to 0.91 g/cc.
20 - Both the materials made by the free radical catalysts and by the coordination
catalysts are well known in the art, as are their methods of preparation. _
Heterogeneous linear ethylene polymers are available from The Dow Chemical
Company as Dowlex™ LLDPE and as Attane™ ULDPE resins. Heterogeneous
linear ethylene polymers can be prepared via the solution, slurry or gas phase \
25 polymerization of ethylene and one or more optional a-olefin comonomers in the 1
presence of a Ziegler Natta catalyst, by processes such as are disclosed in U.S.
Patent No. 4,076,698 to Anderson et al., which is incorporated herein by reference.
Preferably, heterogeneous ethylene polymers are typically characterized as having
molecular weight distributions, M,/M,, in the range of from 3.5 to 4.1. Relevant
30 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 paténts to which it refers, all of which

are incorporated herein by reference.

_—
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such, one can account for the nol ecul ar weight increase aitributable to
octene ;short chai n branches by know ng the nole percent octene in the
sanpl e. By deconvol uting the contribution to nol ecul ar wei ght Increase
attributable to 1-octene short chain branches, deG oot and Chum showed
that GPC-DV may be used to quantify the 5 |evel of |long chain branches in
subst anti al | y woewzee®t hyl ene/ oct ene copol ymers. PERSFO1189 nd
Chum al so showed that a plot of Log (I[err], Melt Index) as a function
of Log(GPC Wig e 3OS VbgCUl ar Vi ght) as deternined by GPC-DV

Il lustrates tha . branchi ng aspects (but not the extent of
 ong branchi ng) The etByléiespalyraers bsqfulrasisiomporenthy), (B). anddB) earessur e,

hi ghly branched, h%nqs.ﬁ%{ﬁméppm ry 6 i Cank ableE R G, S GidbleYo-

di stinct from efMyFene mers “pro usi ng Zl egler-type catal ysts
such as titani uclefinengre eepresented hyithe following farmulast s f or maki ng

honogeneous fol ymers such as haf ni g anglypanadi um conpl exes.

For ethylenel/[err]-olefin interpolyﬁers, the long chain branch is |onger
than the s movhichcR és ahysirogarby! tadical. rEhe pomonementwhich forea pBd okt i on of t he
a-ol ef I N(S) 1 Nt gy iheh(ay ity Hlihe Sitfid BOBErelEH BTG LEiAbndihdrE Wnichfofn®
presence of |ong chalin ancning in . the substantial |inear

et hyl ene/ [ er r] - parts ¢frpolymess ()| )pf thedaventive mixture gadthe semogomer which

mani fested as e I | I | ifferenit SrofHMe tbin! d
expressed ﬁ&ag% |ﬂr=JP tegé1 Bn@egﬂsg%gfsﬂggtttéuﬁgﬂwr heorﬂ{tetry (%ﬁ?bﬁggﬁﬁs
and/ or mel t 10 | owhich farm parisof pelymers (A) and{Q)-eases. 20 In contrast to

the term"substanti ah'%%néﬂameﬁés"froni Bife fotiventy barbematom3E S0kablé al-olkfis for use
pol ynmer | acks neasurabl e or” denonstrabl e | ong chain branches, that is, the

pol yner i sas geroenamars in apalytion gasrbage,er S RobunerizalionPrepesE 9hg chai n

branch/ 1000 car RgfiBinations thereof include 3Lprbisylehet 1-blileh& er-isSHilyiad, 8 /pehitthel
havi ng: flowratiao, err]/ .63, 25

(b) a nol ecul hexengi é'%%eﬂw'-gtpﬁnﬁﬂlsﬁ?-i 10'?F,P“M°é“f"’]1f46%‘7$r +s "!‘;{é'??r?re%@;'rﬂ‘{)ﬂ%“ﬂy gel
permeation GAr ogRee ghckidbtefdiliortRiHyieAd, VRyi birzoeyticdltan®, 1,4-hexadiene, 1,7-
(Merr ] M T ) oohs acH cybioqlkanes, foiaxan ene, cycidhzkene, ySbdidr?
shear stress at of@ade cygloalkeries, fargxampleqyeigpentens,
det ermi ned by garbdifieht SNBY) afdetbyidleny norbbrngne(ENB)). t Preferably; thie pxetefin b be
it "onset | of ' bur fibtehee  Pentels el porfkey Bxire: L pein e NBIEY T ©
ENB, or mixtures thereof. More preferably, the a-olefin will be 1-hexene, 1-heptene,
20 1-octene, or mixtures thereof. Most preferably, the a-olefin will be 1-octene.
Ethylenel/a-olefin/diene terpolyniers may also be used as elastomeric
polymers in this invention. Suitable a-olefins include the a-olefins described above
as suitable for making ethylene a-olefin copolymers. The dienes suitable as
monomers for the preparation of such terpolymers are typically noh—conjugated
25 dienes having from 6 to 15 carbon atoms. Representative examples of suitable non-
conjugated dienes that may be used to prepare the terpolymer include:
a) Straight chain acyciic dienes such as 1,4-hexadiene, 1,5-heptadiene,
and 1,6-octadiene;
b) branched chain acyclic dienes such as 5-methyl-1, 4-hexadiene, 3,7-
30 dimethyl-1-6-octadiene, and 3,7-dimethyl-1,7-octadiene;
) single ring alicyclic dienes such as 4-vinylcyclohexene, 1-allyl-4-
isopropylidene cyc!ohexané, 3-allylcyclopentene, 4-allylcyclohexene,
and 1-isopropenyl-4-butenylcyclohexane;
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gréater than the critical shear rate at the onset of surface nelt fracture
for-a lLinear, ethyl ene polyner, wherein the SLEP and the |inear

et hyl ene pol yner conprise the same conononer or conononers, the

12 | i near et hyl ene polyner has an I[err],

Merr]/Mh and density within ten percent o
and Werein theWP8¥e®t ive Critical shear rates of the botSymish

SLEP and the linear ethylene polyner are nmeasured at the sane nelt
tenperature using a of)s exhiltisihg alicyblicdostideand beidged ring dienes such ésl) a single

differential scanning calopinetry, .DSC Lt a -

30 and 150 C. J’“&Pﬁ%ﬁq'% F'(ggﬁ%’fa"{}ﬁ%&gr &&%ﬁsﬁéﬁgﬁggr rate and
critical shear stress in roygealkgidene norbornemssisuch as &imathylene-2wabdibomenet her
rheol ogy properties such as eol 0aj Pyl ' i E% li)s IS
perfornmed using a gas ext rﬂ%‘f‘gﬁn?ﬁ%ﬁ@ %5’°%@EE??-EH‘§"‘J§E*§Q I’l‘JSétE# 210
rheonmeter is glescri bed by rdrbdiergas-pRapenylSnatidmened 54(3-oyclqpentanyl)i2a Pol yner
Engi neeri ng Sci ence, Vol. w0 f: 05 ojreters for
Moi t en Plastics” by #3%*%&#%}”@%%“5 s%de;éiéiégae\vg%%%@%%&r%‘%%?nho| d
Co. (1982) on pp. 97- nori@frene, etc. experinents are perfornmed at a
tenperature of 190 C, i R E BRbub o 55,?_9‘3 S
using a 0.0754 nmm di ape?% %'rgfe%gg%ni?%sg}?}eé%at%ﬁ{an gntu}anggeég'ﬁg’?g' 0 Hihe,
180. For the SLEHisydepentadisoe, Sethylidene-2inertomens, §-methyjapen2narbarnens, Jrmethyh n
kpoise) of 4 4, 6-octadiene, piperylene, 4-vinylcyclohexene, etc.

The preferred terpolymers for the practice of the invention are terpolymers of
ethylene, propylene and a non-conjugated diene (EPDM). Such terpolymers are
commercially available. Ethylene/a-olefin/diene terpolymers are useful when itis
desired to make elastomeric polymer blends vulcanizable with the well known suifur

15 compound vulcanization process.

Ultra-Low Molecular Wei hylene Polymers
Ethylene polymers having an ultra-low molecular weight can also be

used as component (A), (B), and/or (C) of this invention. In one embodiment,
20 it is contemplated that one or more of components (A}, (B), or (C) may

comprise an ultra-iow molecular weight ethylene polymer characterized as

having a M, less than 11,000 and an M./M, of from 1.5t0 2.5. These ultra-fow

molecular weight ethylene polymers may have a greater degree of crystaliinity ;

than corresponding higher molecular weight materials. In certain instances, \
25 the ultra-low molecular weight ethylene polymer preferred for component (A),

(B), and/or (C) is an ultra-low molecular weight semicrystalline ethylene/o-

olefin interpolymer having a density less than 0.900 g/cc and characterized as

having lamella greater than 40 nanometers in length when viewed using

electron transmission microscopy.

30 These ultra-low molecular weight ethylene polymers are either
homopolymers or interpolymers of ethylene with at least one ethylenically
unsaturated monomer, conjugated or nonconjugated diene, polyene, etc.
When these ultra-low molecular weight ethylene polymer are interpolymers,

- preferred comonomers include the C,-C,, a-olefins, especially propene,
19
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a material neasured by GER at an apparent shear stress of 2.15 x 10[err]

dyne/cnferr]. The SLEPs for use in the invention inclydes ethyl ene

i nterpol ymers and have a Pl in t he range of 0.01 kpoi S'ﬁ."gos

preferably 15 kpoise or |less. The SLEPs used. 20 herei n jhave R$5B@EN
than or equal to 70 percent of the Pl of a Iinear ethylen nn "
(either a Zi egy@p73s29%neri zed polymer or a linear uniformy brmrswnso

pol yrer as descri bed by El ston in US Patent 3,645,992) having an

I[err], Merr]/ I it L L0 | e of the
siepe | on ! MoBliglnd CoERS e inethy1 Siriolieahd T oBEHE Bhne?
‘char acterl zed byrefmdmwmers inchude istyeanel hale-or @ihil ubstitbiedistwemesesses a
ol ynmer' s nornma fdi ain

Er anchi ng. " (Se{eé“%ggo and v@%h@y aﬁbuﬁﬁ%%%& B3 taﬂgfggé:ﬂﬁg?%{l
INSI TE[err] Tec Hﬁmmgyplep@wmmescxcbgmne-amlmtm)| n the
Structure/ Rheol ogy Rel ationship of Ethylene [err]-QCefin Copolyners, New
S\Ih ! eﬁnz, La.s ] Mrysohitochses, Iﬂgﬂ-a-mlmmecu?é? weigliﬂemylﬁﬁ@abrgimé@rsuﬂ@w ra?ru%el

ich do not hay ura on ai nchin or _exanpl e,
Tai mer[err] proﬁ'ﬁb? Eg]ﬁ'ﬁ T"éf%‘l"@s ?Jr Wﬁﬁmmﬁﬁsﬁmﬁw@ﬂwmémsw thed
Exact[err] SrodpmussemauianibbméﬂmwaémnmletM@awmtﬂe%bﬁwd 15 and
are in epe ent 0 in ener. 0 to.ne ressure
et hyl ene pol yrre oW, use %E}yh“ ff'%ﬂvg'ﬂ&%ﬂﬂeﬁ%&?f’?ro bl 0‘?‘5

i nproved cor r el Howeves, typicallyl the M, atthess polymers will be greater than 2,500.

13 and hi gh shear flowability relative to
correl ationgeof the gaERefidATMHisdtbil/at3Eb ¥ drR/\itra-low molecul

ratios. For the SLEPs useful in this invention, . mf"é”'B?S e?ra‘%?'g at | east
0.1, and ethylene polymers. Thedffe pmmqleva-larmm ethylene pelymensare especi al | y

at least 0.8. DeHaradtériZe@ by met db@Aity 41350 F of less than about 8200, in some cases
less than 6000, with melt viscosities iess than about 600 being easily attained with
the process for making these polymers described below.

15 These ultra-low molecular weight ethylene polymers are homogeneous
and have a narrow molecular weight distribution (M,/M,). For these polymers,
the M/M, is in the range from about 1.5 to about 2.5, in some cases in the
range from 1.8 to 2.2. The ultra-low molecular weight polymers have a
polymer backbone which is optionally substituted with up to 3 long chain

20 branches per 1000 carbons.

Further, the M, of the ultra-low molecular weight ethylene polymers is
related to the melt index (,). For the ultra-low molecular weight ethylene l
polymers of the invention, melt index is not measured, but is calculated from |
viscosity correlations. The ultra-low molecular weight ethylene polymers are
25 characterized by a calculated melt index (l,) at 190 C greater than 1000
dg/min., in some cases greater than 1300 dg/min., with these polymers having
calculated melt indices of at least 10,000 dg/ min. being easily attained.

The ultra-low molecular weight ethylene polymers will typically have a density
of from 0.850 to 0.970 g/cc. The density employed is a function of the end use
30 contemplated. For instance, when the polymer is intended as a wax subsmute
densities greater than 0.910, preferably greater than 0.920, g/cc are appropriate. In
contrast, when the polymer is intended as the strength-imparting component
20
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t hé equati on: DRI = (3652879 [err]
where [err].,is the characteristic relaxation tinme of the material and [err]

i.s fhe zero shear viscosity of the material. Both
[err] and [err] are the "best fit" values to the Cross

equation, that is, 10 [ egdfrusoro1180

I n V\hlchnlstW@W law i ndex of the material, and [err] and y are the
measur ed viscosity and shear rate, respectively.

Basel i ne det er mi gaHsities |¢eh thansooB, piferatsly lebe than 0895, glet areapprophistel Whientseng
a Rheometric Mechani cal pec gder

dynanmi ¢ sweep rro@té’a‘ﬁ%w’l?cﬂ'a'f‘ﬁe'a%@"{yg%f 5@/'@%@8#&' L P stRyene with,an ar@gnsa‘fi
Ext rusi on Rheoneg;@ﬁo.{oﬁﬁR,)smhaex@remenhadpnsﬁssmlﬂmbésman110(ylbq95| to 5,000
psi (6.89 : to 34.5 MPs), which corresponds to shear

stress from0.086 to M igwn‘ﬁédﬁgzrﬁel ht ethylene polymers of the invénfiofbdrenm
di ameter, 20:1 L/D di grhéfbltl ecif |gc ma)t’erl al deterrr]eputlons can be

performed fron lderaderized agbging P@Q‘GPH"’@Het dhatds dhspiraew hyeght

vari ations. thylen lymers of th mventlon aré'&hérlé@l%ﬁﬁﬂasﬂ%ﬁ\@ a'iﬁduﬁﬁﬁlnt/@éﬁlés
apparent shear r &t & ?80 I's used to identif nel t

fracture phenorremnamic(ﬁaiﬁﬁfmveﬁ Ry ASTM - @51 Peaferably,the B°‘§r?&"\§ Pf 'ﬂ"Fc’:‘ETa “OWear
stress of ethyl eppydglay WBight ety pdlyiers Wilfse rithian foBmi tBperatiire {25 O,

Rheol ogy. 30(2), 337-367, 1986
above a certain ewtﬂiO@aneﬁ%ngﬁ?tE’ #ra0 Ghserved extrudate irregularities
may be broadly The ultra-low moleculd? Wafght éthfiené ﬁdilmémﬂnam erysiafliaRy fromr ace

mel t fracture and gross nelt fracture. our.face
nmelt fracture oc éﬁﬁntdﬂéglpeﬁ’ﬁﬁ‘aﬁ"gﬁ‘?'ﬁf"%x 'é%?ﬁ,ecﬁdo%cf?mlt? the prefergd density
ranges in detail ,;,{g@gbfmmgmamg(ﬂ)ahdmj m gl oss to the nore severe form

gL ove- descri bed GER, Hﬂ@"g&f?&’s lél*ra—law mo{ecular welght%%y?é’ng}oﬂ&gf nuiﬁie%rﬁ'&s may
fracture (OSVF) pg aglitageons inzefain applicatidragif this ingentibn, Iassthe)gesd(taajtdm e

by a0k i3 " potymer ags forndapreaed ot RN L Bl P 0

onset of surf ace téfpdratirewiiich ie geaterttiram that of corresponding higher mol&_@gamght at
| east 50 percent a erftt han th&sﬁltical shear rate at the onset of
surface melt fraé'?qﬁ?r?so‘? he $ames hyl ene pol yner having essentially the

sanme |[err] and Merr]/ M. .
' The ultra-low molecular weight ethylene polymers may be obtained by
reacting ethylene and at least one ethylenically unsaturated comonomer at a reaction
20 temperature of at least 80 C in the presence of a constrained geometry catalyst. The
reactor temperature is typically in the range from 100 C to 250 C, preferably from 100
C to 150 C, with temperatures at the higher end of the range favoring the formation of

lower molecutar weight polymers.

in conjunction with the reactor temperature, the hydrogen:ethylene molar ratio
25 influences the molecular weight of the polymer, with greater h_ydrogen levels leading
to lower molecular weight polymers. When the desired plymer has an |, of 1 dg/min.,
the hydrogen:ethylene molar ratio will typicaliy be in the range from 0.45:1 to 0.7:1.
The upper limit of the hydrogen:ethylene molar ratio is about 2.2-2.5:1.

Generally the polymerization process is carried out with a differential pressure
30  of ethylene of from about 10 to about 1000 psi (70 to 7000 kPa), most preferably from
about 40 to about 400 psi (30 to 300 kPa). The polymerization is generally
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14" WD 97/ 26297

PCT7.US97/ 01180 Goss nelt fracture occurs atglosteady
extrusion flow conditions and ranges in detail from 'FMNSHEET HAS BEEN
(alternating rough and snooth, helical, etc.) to random Rgpgqggupns
For commerci al acceptability to maxim ze the performance

propertes—6
films, coatind¥¥WE2%ol di ngs, surface defects should be m ni HEI”USPT"'HGR
absent. The 5 «critical shear stress at the onset of gross nelt fracture

for the SLEPs, @nagtddatlatem Lﬁ@@ﬁ?brﬁ@dﬁ!&gza@ @%Fb?éé”y?rgmgl% t9/1§50 Uigd in

t he invention |se§greater than ?& ‘]P dynes/cnferr] e critical
shear rate at tM 8%%’?"’“”@19’?%%’@‘ 1100148 Cur ™ (OSMVF) and t he onset
of gross nelt fracture (OGW) will be used herein based on the changes of

surface roughness arwlgertdréutguumhtlmmds‘curahﬁelgmtdmy&ieﬂﬁoleﬁsr%dﬂmmbMea GER.
10 Preferably, he ¢ s critical shear rate

t
when used as t @ ymer i 'i"F§P FH?HSBH‘@{ '%Y gﬁﬁéyrﬂﬂéﬂ &t eangitiaps for; ZisateriNattat s

critical sheaar csmam'&kyVBR'h typecpblynterization rbdations; Gt i, Rlablol preesutes vaRingof t he
i nvention. at I!%\Jiﬂo use | n the invention are al so
characterized 659"5 EPﬁEIreé"’ ng peak The single nmelting peak is

ndi um and det o zed ePEn 4ikten A, Sk ohen IS bl boaelpil et o o
"first heat" t othepracessBebnditionmaly be enipidyedd ifdesinbdmsing catalysts stowbs the ~ down
?g 10 Gmn. t %ongtglngd"&gbﬁgtry éatglgétg d;&!hbéd ﬂ'wgtﬁﬁentmg ? 5% 2553 a J 10 Cmin.
10 5,278,272 and further described below. A support, especially silica, alumina, or a
polymer (especially poly(tetrafluoroethylene) or a polyolefin) may be employed, and
desirably is employed when the catalysts are used in a gas phase polymerization
process. The support is preferably employed in an amount to provide a weight ratio
of catalyst (based on metal):support from 1:100,000 to- 1:16, more preferably from
15 1:50,000 to 1:20, and most preferably from 1:10,000 to 1:30. In most polymerization
reactions the molar ratio of catalyst:polymerizable compounds employed is from 10
'%:1 to 101, more preferably from 10°:1 to 10°:1.

Solution polymerizétlon conditions utilize a solvent for the respective
components of the reaction. Preferred solvents include mineral oils and the various
20  hydrocarbons which are liquid at reaction temperatures. lllustrative examples of
useful solvents include alkanes such as pentane, iso-pentane, hexane, heptane,
octane and nonane, as well as mixtures of alkanes including kerosene and Isopar
E™, available from Exxon Chemicals Inc.; cycloalkanes such as cyciopentane and ‘
cyciohexane; and aromatics such as benzene, toluene, xylenes, ethylbenzene and
25 diethylbenzene. |

The solvent is present in an amount sufficient to prevent phase separation in
the reactor. As the solvent functions to absorb heat, less solvent leads to a less
adiabatic reactor. The solvent:ethylene weight ratio is typically in the range from
2.5:1 to 12:1, beyond which point the catalyst efficiency suffers. The most typical

30 solvent:ethylene weight ratio is in the range from 5:1 to 10:1.
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140" C for the "second heat". The single nelting peak is taken fromthe
"second: hear: heat flow vs. tenperature curve. Total Jheat_af fusion of
the polyner is calculated 20 fromthe area under the curyd’Hls SHEET HAS BEEN
For polymers having a density of 0.875 g/cc to 0.910 g/ccy| the REPIACE

mel t'i ng peak may show, depending on equipnent sensitiwttys
or a "hunp" on ‘Yﬂ@” 126287 | ow nelting side that constitutes |ess PCTIUS
percent. typically, less than 9 percent, and nore typically less than

6 percent of the tot aSummanheénsidmombemdm uptaHpwenolechiar veRfht ethpienefd f act
I s observable for 0

:Exact [ er\r/] resi ngb&h'd‘?qr%‘;] %glﬁﬁkﬁ% ?ﬁei"?%ﬂ@gg&ﬁ%%'?@?%@ %*'"Y he single
'melt t :c ngt pegk ] poMﬂ?l}ﬂfﬂ@ pmna&sousmgalhbpataly%mgkde‘str@edmbbvm supponed mfa2rt7 hg
artifac uch an _art.i

and frore typical W %q%ﬁg%%sgggt «%%r?ﬁ #'Qélmmﬁém% sleﬂa &%Lxﬁgﬁ%&? e

mel ting peak. s Thplateeintliqoitd diluenitin matwthe)polgume@ro@cms substantially insaluble)

The heat © 11 barebiing BB oF sl BOuAbiaaorfts b Sr B0 dBcafhdl iin 8"

anal yzed by gel thanSearhonraterhs. ofidesingd gatyratedh@iroearbens such ay\athane, @rdpang dri gh
tenperature chr Og&%ﬁr 3 Fid§ Bb %séﬁ‘i'nrwhﬁ%%rgﬁg s thd Slwdi’ f%%%'t%n—oteﬁn monomer

refract onmet er col'urms o porosity. ms are supplied
by or a mixture of different o-olefin monomers may be used in whole or part as\be
.97/ 26297

PCT/ Us97/ 01143  dliuent. Most preferpbly the diluent comprisps in at least majqrpart the &P h por e
sizes of 10[err] monomémrni!qnomﬁorb]e polyherized.
The polymerization may be carriedoutas a batchwise or a continuous
polymerization process, with continuous polymerization processes being required for
the preparation of SLEPs. In a continuous process, ethylene, copolymer and
15  optionally solvent are continuously supplied to the reaction zone and polymer product
is continuously removed therefrom.

The ultra-low molecular weight ethylene polymer may be prepared by the
solution, siurry, or gas phase polyinerization of ethylene and any desired
comonomer(s), using a constrained geometry metal complex as the catalyst. The

20 constrained geometry catalyst is described in more detail later.

Ethyvlene/Unsaturated Carboxvlic Acid, Salt and Ester interpolymers ,
Ethylene/unsatuarated carboxylic acid salt and ester interpolymers may be ‘
used as component (A), (B) or (C) in this invention, particularly as component (B). '
25  These are interpolymers of ethylene with at least one comonomer selected from the !
group consisting of vinyl esters of a saturated carboxylic acid wherein the acid moiety
has pip to 4 carbon atoms, unsaturated mono- or dicarboxylic acids of 3 to 5 carbon
atoms, a salt of the unsaturated acid, esters of the unsaturated acid derived from an
atcohol having 1 to 8 carbon atoms, and mixtures thereof. Terpolymers of ethylene
30 and these comonomers are also suitable. fonomers, which are completely or partialily
neutralized copolymers of ethylene and the acids described above, are discussed in
more detail in U.S. Patent 3,264,272, already incorporated herein by reference. in
addition, terpalymers of ethylene/vinyl acetate/carbon monoxide or ethylene/methyl

23
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1G[err]. The solvent is 1,2,4-trichlorobenzene, fromwhich 0.3 percent by

weirght. ., solutions of the sanples are prepared for injection. The flow
ratelsl OmM/mn, unit operating tenperature is 1 -

injection size is 100 mcroliters. 5 The nol ecul af L"\”@ ET HAS BEEN
determnation with respect to the pol yner backbone is AMED sin

narrow nol ecowems78@pght distribution polystyrene st andards ( PESf{S97/01180
Pol ymer Laborat ori es) i n conjuncti on with their elution vol umes The

equi val ent @a%% | %ﬂo r%ﬁ i ng
“appropriate I\/Brﬁ'gﬁoél Aﬁgﬁm{%o% I cle Q{% d‘fé et S{/ nﬁ% %ystyrene
“(as described mpnu¥ige Famalsaheiemployed.n 10  Jour naI of PoI yrrer Sci ence,
Pol yner Letters, Vol. 6, p. 621, 1968) to derive the equati on

Mool yet hyl ene = a (Mool ystyrene)[err] In this equation, a =
0.4316 and b = 1.0. Theehenatounsaturated earboxylic camaenemer weight WIgnsfqreferably

cal cul ated i err?mummﬁr wﬁl&nb@1bh@4éeoraﬂdaevbﬁw&epﬂe$emwere

werr] and are the wel gh action and nol ecul ar wel ght
respectively, Bem@SI5tp$0:40. “fraction el ut| ng fromthe GPC col um.

SLEPs are known to *ﬁﬁé’ﬁneﬁmkbﬂ%s% Iriay Yangdrom Eﬁ‘od?%‘ﬁ'tﬂ%ﬁ@unso

relatively narr ow nol ecul ar ght di Stl’l ution I'S

Merr]/Merr] Peeferably fomabioutd. N" akout 59, /and mpre preferably frgprabeutd.7 tojabaut e

honmobgeneously agd GPW @gﬁﬁ& longatth, SleMbRA débi the
melt flowratio ( of LEPgﬂggn ge vari ed mdﬁrﬁgﬁ/‘l&?&gf t he

mol ecul ar Wi g’ﬂ"ela‘@FP sqpalyFer mek index is above about 30 dafreiBr di ngl y, t he
first ethylene ]pol yglﬁ:fabtefanﬂerwﬁsa(uﬁted eér?ﬁ?nr% gﬂasr%gt Ene g.nr:]tgr g})ef?@&r%f??’s
The. het e ogene BEGHR GiVIsnaylAsetats, VAV e, 52 501 ImisHsS he SERURSHRVA
invention fall dedtribed INU.IS. mcbnca,m&ess Qhichti§ G ErpPratPeéin by réfernté;ce
e B U TR Y R N
rel atively i owiohomess; ethylefé/etiyt aarylatel ethglenstetayllagniate ethyieneAsobutypw density -
pol yet hyl enes glc‘ryq:@, e&:rg}gngfngm?aq %{nyf: atc%Fléte.e &hﬁgne%o%%yq ggryf:ape"}rin%agr];ﬂic acid
and its ionomers; ethylene/normal butyl acrylate/methacrylic acid and its ionomers;
ethylene/isobutyl acrylate/acrylic acid and its ionomers; ethylene/normal butyl
acrylate/acrylic acid and its ionomers; ethylene/methyl methacrylate; ethylene/vinyl
20 acetate/methacrylic acid and its ionomers; ethylenelvinjl acetate/acrylic acid and its
ionomers; ethylenefvinyl acetate/carbon monoxide; ethylene/methacrylate/carbon
monoxide; ethylene/normal butyl acrylate/carbon monoxide; ethylenefisobutyl
acrylate/carbon monoxide'; ethylene/vinyl acetate/monoethyl maleate and
ethylene/methyl acrylate/monoethyl maleate. Particularly suitable copolymers are ‘ :
25 EVA, EEA,; ethylene/methyl acrylate; ethylene/isobutyl acrylate; and ethylene/methyl '
methacrylate copolyers and mixtures thereof. Certain properties, such as tensile
elongation, are taught to be improved by certain combinations of these ethylene
interpolymers described in U. S. Patent 4,379,180, which is incorporated herein by
reference. The procedures for making these ethylene interpolymers are well known
30 inthe art and many are commercially available.

Constrained Geometry Catalysts

Constrained geometry metal complexes which are suitable for making
substantially linear ethylene polymers and ultra-low molecular weight polymers, and
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pol'ymeri zed nononer units pendant fromthe pol yner backbone. LDPE pol ymers
general-ly have a density between about 0.910 and 0.935 ¢/ ?&—Es-h?-@-ne———
pol yners and copol yners prepared by the use of a coof JHi&SHERT HAS BEEN

catal yst, such as-a Ziegler or Phillips catalyst, ar¢ gencRERUACERNnown
as linear polyners because of the substanti al

16 WO 9%¥¥nce of branch chains of polynerized mondTEfUSGHPE0
pendant fromthe backbone. Hi gh density pol yethyl ene (HDPE).

gener al | y havi ngmethddsfor thpsr(pfepamnun de Biédlosed inbBItApplication Serf Blog545;403, s

by anch chai ns. 1 P MIEo: BepREPefieaner s Apheliba sofie. 20478 ot lbvans an

[err]-olefin, 51991HEPRA-5H4,828); Iaslwaﬂ\m U&A*fﬁﬂ?ﬂ(ﬁ%l 5, 97436% B2B1,4086,5,0685,438,S

Esz)ggle;’rrefgdo?a gt%@?@%gﬁegﬁ'lsé%égg oghé&{ér r%éhc?ﬂ e? N cche ngl h{u(;nllegeggb%n

at oms, pr ef ersabl filedbiuné 2401901 EMAD14828)certaindorine deviedtives ofdinen foregbing

[ moar et hy) one TRFP Eithfouy Gt ile s A holfod ot nelr Bkl oo

of the [err]- ol ¢hiughtand claimedario UStA S.ﬁs%.ﬂmcombmatlon@nfmwomc coristrainedpol yner

Larr] ol efin andor oty cdla3ls it et An B! dfoidesd ob 0GR oefn, . 1o, c.'° e
density of pqlmertzam catalysts. Lﬁm@wteammge@netanyd ﬁ@r%ﬂha/afeme(mmmlz) i s

typically a- o 12
car bon at ons, pre%ergl'f}ﬁteismt S&Ear Eﬁﬁg@grm Te& %dgig)fér%fegﬁs% ut ane,
1- oct ene, etc.) ,publighed pean patentapplicatippy arg heraimineerpereied in their eotirety hyhe

density of the coppéncdBherbfd, that of LDPE. Wien the copol ynmer contains even
nor e

Exemplary constrained gedmetry metal complexes in which titanium is
present in the +4 oxidation state include but are not limited to the following: (n-

15 butylamido)dimethyl(n5—tetramethyIcyclopentadienyl)silanetitanium (V) dimethyl; (n-
butylamido)dimethyl(n5-teh'amethylcydopentadienyl)silanetitanium (1V) dibenzyl; (t-
butylamido)dimethyl(n5-_tetramethylcyclopgntadienyl)silanetitanium (1V) dimethyl; (t-
butylamido)dimethyl(n5-tetramethylcydopentadienyl)silanetitanium (!V) dibenzyl;

. (cyclododecylamido)dimethyl(n5-tetramethylcyclo—pentadienyl)silanetitanium (V)

20 dibenzyl; (2,4,6-trimethylanilido)dimethyl(ns-tetrametl'lylcyclopentadienyl)silane-
titanium (IV) dibenzyl; (1—adamantylamido)dimethyl(n5-tetramethylcyclopentadienyl)-
silanetitanium (IV) dibenzyl; (t-butylamido)dimethyl(n5-teh'amethylcyclopentadienyl)-
silanetitanium (IV) dimethyt; (t-butylamido)dimethyl(n5—tetramethylcyclopemadienyl)-
silanetitanium (IV) dibenzyl; (1-adamantylamido)dimethyl(n5-tetramethylcyclopenta-

25 dienyl)silanetitanium (IV) dimethyl; (n-butylamido)diisopropoxy(ns-tetramethylcyclo- ]
pentadienyl)silanetitanium (IV) dimethyl; (n-butylamido)diisopropoxy(n5-tetramethyl- .
cyclopentadienyl)silanetitanium (IV) dibenzyl; (cyclododecylamido)-diisopropoxy(n5-
tetramethyicyclopentadienyl)-silanetitanium (IV) dimethyl; (cyclododecylamido)-
diisopropoxy(ns-tetramethyIcyclopentadienyl)—silanetitanium (IV) dibenzyl; (2,4,6-

30 trimethylanilido)diis_opropoxy(ns-tetramethylcyclopentadienyl)silanetitanium (V) |
dimethyl; (2,4.6—trimethylanilido)diisopropoxy(n5-tetrameﬂ1ylcycl0pentadienyl)—
silanetitanium (IV) dibenzy}; (cyclododecylamido)dimethoxy(n5-tetrémethyl-
cyclopentadienyl)silanetitanium (IV) dimethyl; (cyclododecylamido)dimethoxy(n -

25
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[err]-olefin, the density will drop bel ow about 0.91 g/cc and these

copol ymers are known as ultra | ow density polyethyl ene (ULDPE) or very
| ow density pol yethylene (VLOPE). The densities of these |inear
pol yners generally range fromabout 0.87 to 0.91 g/cc. 20 Bot h

the materials made by the free radical catalysts and by the coordination
catal ysts arew®pi2ee¥fown in the art, as are their methods of FfrEpatissn.
Het er ogeneous | i near et hyl ene pol yners are avail able from The Dow Chemn cal

Conpany as Dowly tﬁ ic 8 ﬂ‘an%ttaﬁuﬂﬁ\[(W)rd}beW¥ddﬁﬁfaﬂ@fan’i"ﬁé)ﬂgé.rbge”eous

| i near ethylene ngrs can repared via the sol ution urr gas

-phase 25 pol ymnozm dﬁfﬂiﬁe‘a‘ %ﬁ@aﬁlﬁ@y%t‘ﬂi‘eﬁ‘ﬁn‘h‘m@ﬂmﬂbﬂaﬁ'[ err]-olefin
cononomers in t KRKESSEeS
such as are di SJC&?g\g 35“' %ﬁ%&&%pﬁiy(wfa%éﬁﬁbﬂgle%ﬁg%@wg %gﬁe,&ﬁ elr"g(gﬁﬁ et al

Preferably, hetdﬂ?&ﬂgﬂn@&ﬂ&ﬂmiﬁ@ﬂw%(w rtetrameihcyolgpantadignybsilangtitaniuny ed as

rom 3.5 to% 10 eaiObrtonte i opthiedehhoidier i

mat eri al s, and (i\)elibenzydt (2o416-trimethylanilido}dimethoxy(n"-tetramethyicydoi n U. S. Pat ent

Tg 4,950,541 and,.t hﬁy@é@eﬁaﬁu&?ﬂ%&&&hﬁ (i b E%rﬁethylan;Ildo)dlmethoxy(n .

PCT/ US97/ 01180 tetramethylcyclopentadlenyl)sﬂane-tttamum (V) dibenzyl; (1-adamantylamido)-
dimethoxy(n°-tetramethylcyclo-pentadienyl)silanetitanium (V) dimethyl: (1

10 adamantylamido)dimethoxy(n5-tetramethylcyclopentadienyl)silanetitanium (\v)
dibenzyl; (n-butylamido)-ethoxymethyl(n5-tetramethylcyclopentadienyl)siIanetitanium
(IV) dimethyl; (n—butylamido)ethoxymethyl(ns-tetramethylcyclopentadienyl)silane-
titanium (IV) dibenzyl; (cyc’lododecylamido)ethoxymethyl(ns-tetra'methylcyclopenta-
dienyl)-silanetitanium (IV) dimethyl; (cyclododecylamido)ethoxyméthyl(ns-

15 tetramethyl-cyclopentadienyl)silanetitanium (IV) dibenzyl; (2,4,6-trimethylanilido)-
ethoxymethyl-(n5—tetramethylcyclopentadienyl)silanetitanium (IV) dimethyl; (2,4,6-
trimethylanilido)ethoxymethyl(ns-tetrametl'xylcyclopentadienyl)silanetitanium aw)
dibenzyl; (cyclododecyIamido)dimethyl(n5-tetramethy!cyc!opentadienyl)silane-
fitanium (IV) dimethy!; (1 -adamantylamido)ethoxymethyl(n5-tetramethyicyclopenta-

20 dienyl)silanetitanium (1V) dimethyl; and (1-adamantylamido)ethoxymethyl(115-
tetramethylcyclo-pentadienyl)silanetitanium (IV) dibenzyl.

Exemplary constrained geometry metal compiexes in which titanium is
present in the +3 oxidation state include but are not limited to the following: (n-
' butylamido)dimethyl(ns-tetramethylcyclopentadienyl)silanetitanium {1 2-(N,N-

25 dimethylamino)benzyl; (t-butylamido)dimethyl(n5—tetramethylcyclopentadienyl)-
silanetitanium (ill) 2-(N,N-dimethylamino)benzyl; (cydododecylamido)dimethyl(n5—
tetramethylcyclopentadienyl)silanetitanium (lll) 2-(N,N-dimethylamino)benzyl; (2,4,6-
trimethylanilido)dimethyl(ns-tetramethylcyclopentadienyl)silanetitanium () 2-(N,N-
dimethylamino)benzyl; (1 -adamantylamido)dimethyl(ns-tetramethy!cyclopentadienyl)—

30 silanetitanium (1) 2-(N,N-dimethylaminc)benzyi; (t-butylamido)dimethyl(ns-
tetramethylcyclopentadienyi)silanetitanium (i) 2-{N,N-dimethylamino)benzyl; (n-
butylamido)diisopropoxy(ns-tetramethylcyclopentadienyl)silanetitanium (1) 2-(N,N-
dimethylamino)benzyl; (cyclododecylamido)diisopropoxy(n5—tetramethylcyclopenta-
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Et hyl ene I nterpol yners The et hyl ene pol yners useful as
conponents (A), (B), and (O can i ndependent|y be interpol yners of

et hyl ene and at | east one [err]-olefin. Suitable [err]-_ . olefins are
repr esent ed by the following fornula: 5 ‘ CH2

= I n I's a hydrocarbyl radical. The conmononer ' forma
part of C%gﬁ@% (A) may be the sane as or different fr§>n%s§;}ou?d’ :
conononers which form - parts of polymers (B) and (C) of the inventive
m xture and t he dienyisilanatitanidm {Ii) 2-(N,N-dimethylaminmdibenzelf (antzmﬁetnylamﬁao).rray be

(A) and (5. iRl AR ARG Elanpanior 15 o ReBPlaine st e,

Sui t abl e a- ol ef i(raddmantylsmido)diisopepaxy! nemahylwdbpenladtehwrmlam&ﬁumgﬁ) or

slurry polyneri S I ops _t hgreof
1- pr opyl ene, ém“é‘? g hﬁ @?)ﬁghén-bfy%bgﬁzﬁ xy(n 'tet'arﬁ'é%g‘fc@cbpema'
4- et hyl - 1- pent eliwyl)sllatlraitanmrm (lanzt(&mmmlam)mlzyn Q@yc@ﬂbﬁcywr 15

types such as t fI uprsoe vin Iobu , 4- hexadi ene,

1y$- oct ad?g'ﬁe °x§ﬁh '%%73%8&?’6% Yﬁ"lﬁ'@*ﬁﬁ‘%‘f Ene,

(c;éﬁl :B;J)hexgnef cydllmm?iﬂo)benzyl ﬁ%daﬁfahmuéd%}nemgl( f téﬁém SRSy peh@L nene
. Prefera the [ecrr ut ene, 1-pentene,

4- et hyl - 1- pent gﬁﬁw (@-:ﬁ F'é%ethx'amw&?@zvlwﬁ 6P‘t“m9th)f’gmﬁﬂ°)or

rlri>r<]t u; es thgr eotimetfioxg( tefranemwyclddaatt *iéh?l]]cmlﬂil\;dgfdtrihn’(\(llli 2-h¢NJd-nh6mBﬁuno)-

- hept ene, or ures thegeo st prefera

[ er rio ol efi r’f8 i Fl’F L?TE‘G'X'PE\'F&%(‘L‘”‘V’"““J} s‘tet’aﬂwgﬁ'gf’f@?‘i"fDYBF'@"PWPG'PEhe

terpol ymers nay (1n) 24N, Nedim Iaﬁmo%e’iﬁylo(@élbdbde lamidByRtHRGhEthiit 3. hi S

i nvention. Suitable err] efl ns_include the r]-olefins scri bed above
as suitabl e for eFEmeHYIcxtiARAntagienyDsi e'BF@WM'"bLﬁN ﬁimeﬂwlamm)uemleszw-
suitabl e as mmdmymafetﬁd&ymbtﬂ@l( ﬁmafn%i tevcléﬁe r)ﬁié 3. nzﬁ.
typically non- congu ate i enes havi ng rom car

Represent ative % rPg’P%E‘Y'GF"WI @qﬂﬁdamantylanm?tnwmneﬁgt@mmmp may
be used to ps epéidlbpbﬁﬁdfeﬁflﬁ%ﬂﬁiﬁmdnﬁﬂc}@m N-dlmeth ammo)beni;)l Strai ght
chain acyclic dienes such as 1, 4-hexadi ene, eptadlene

and 1, 6-oct adi ene; | ic dienes such as

anche C
5-net hyl -1, 4- hexadi %’Ffé"pl?{y?‘-m%")ed geomery ta?ﬁ‘?’ﬂé?’!ﬁ?l' {’ﬁ'& h Htanivm i€ne, and
3, 7-di net hyI 1, preserit itithes2; oxidation state include but are not limited to the following: (n-

butyIamido)dimethyl-(ns-tetramethylcyclopentadienyl)silanetitanium (1) 1,4-diphenyl-
1,3-butadiene; (n-butylamido)dimethyl(n5—tetramethylcyc!opentadienyl)silanetitanium

20 (1Y) 1,3-pentadiene; (t-butylamido)dimethyl(n5—tetramethylcydopentadienyl)silane-
titanium (l1) 1,4-diphenyi-1,3-butadiene; (t—butylamido)dimethyl(ns-tetramethyl-
cyclopentadienyl)silanetitanium (il) 1,3-pentadiene; (cyclododecylamido)dime’thyl(n5-
tetramethyicyclopentadienyl)silanetitanium (1) 1,4-diphenyl-1,3-butadiene; \
(cyclododecylamido)dimethyl(n5-tetramethylcyclopentadienyl)silanetitanium (i 1,3- :

25 pentadiene; (2.4,6-trimethy|anilido)dimethyl('q5—tetramethylcyclopentadienyt)-
silanetitanium (ll) 1,4-diphenyl-1,3-butadiene; (2.4.S-trimethylanilido)dimethyl(ns-
tetramethylcyclopentadienyl)silanetitanium (i) 1,3-pentadiene; (2,4,6-trimethyl-
anilido)dimethyl(n5-tetramethylcyclopentadienyl)silanetitanium (V) dimethyl; (1-
adamantylémido)dimethyl(n5-tetramethylcydopentadienyl)silane—titanium (1 1,4-

30 diphenyl-1,3-butadiene; (1-adamantytamido)dimethyl(n5—tetramethylcyclopenta-
dienylsilanetitanium (i1} 1,3-pentadiene; (t-butylamido)-dimethyl(ns-tetramethylcyclo-
pentadienyl)silanetitanium (ll) 1,4-diphenyl-1,3-butadiene; (’t—butylamido)dimethyl(ns-
tetramethylcyclopentadienyl)éilanetitanium (1) 1,3-pentadiene; ; (n-
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c)* single ring alicyclic dienes such as 4-vinylcycl ohexene, 1-allyl-
| sopropyl i dene cycl ohexane, 3-allylcycl opentene, 4-allylcycl ohexene,
and® 1-i sopropenyl - 4- but enyl cycl ohexane;

18° WD 97/ 26297

PCT/ US97/ 01180 d) mul ti-ring alicyclic fused and bri l%ed
ring di enes suwt 9xg6297 di cycl opent adi ene; al KERfpyS97/01

al kyl i dene, cycloalkenyl and cycl oal kyl i dene nor bor nenes

such as 5-net hy,,aogs s -ﬁtramethl clopentadien I-sllanetltamum 1y 1.4-
met hyl ene- 6- et hﬁp dg&gornene 5-meth Fc%e-pe y’rret é)

nor bonene, 5-pr dpbﬂwl-‘i 3-pisadienes: ﬂebufﬂam@o)siyaqmw(a nwtyarrzethy!cyclopentamenyl)—
b , 5-
28: bgggg, et gt ane&gﬂﬁ"?('ls]?’?ﬁ%‘%raﬁpg’ir edﬁgl enes dje ng"g& %(3 fromthe

group consi sti ngptm’melhytbyhlenerdadiem])s;lanetltardumylbl ‘opdiphenyi-¢.3chutadiene; (cyclo-

5-et hyl i dene; 2- gg& BRI )ﬂ'§°§%b§%fgﬁé>? @W%dnénﬂ%lm&taﬂl% éﬂ)ﬂ 2 orred

6- oct adi ene, plper
t er pol ynmer s f or petitedipne ¢2.46rimethylasilido)disopriopexyén ezmnyblnﬁaml)sllal\btttamum

comer o: al [y o BSasRRerby-R Sl .2 gl Siapicy dheop Htsyh AABINAIRYS Ul ©
when it is cthpmmdt:éml)sllaﬁalwhm (1) rte3-pentauiieng el -ddamanitylamidojdiisoz abl e

with the well knovmxys(n -teL{ramethylcyclopentad|enyl)sllanet|tamum (i) 1.4-diphenyl-1,3-

10  butadiene; (1-adamantylamido)diisopropoxy(n -tetramethyl-cyclopentadlenyl)silane-
titanium (1) 1,3-pentadiene; (n-butylamido)dimethoxy(n5-tetramethylcyclopenta-
dienyl)silanetitanium (il) 1,4-diphenyl-1,3-butadiene; (n-butylamido)dimethoxy(ns-
tetramethylcyclopentadienyl)silanetitanium (I1) 1,3-pentadiene; (cyclododecylamido)-
dimethoxy(n5—tatramethyIcyclopentadienyl)-silanetitanium (1) 1,4-diphenyl-1,3-

15 butadiene; (cyclododecylamido)dimethoxy(ns-tetramethylcyclopentadienyl)silane-
titanium (1) 1,3-pentadiene; (2,4 &tﬁmethylanilido)dimethoxy('qs-tetramethyl-
cyclopentadlenyl)sllanetltamum () 1,4-diphenyl-1,3-butadiene; (2,4,6-trimethyl-
anilido)dimethoxy(n -tetramethylcyclopentadlenyl)snlanetitanlum (i) 1,3-pentadiene;
(1-adamantyl-amido)dimethoxy(n -tetramethylcyclopentadlenyl)sllanetltamum ()]

20 1,4-diphenyl-1,3-butadiene; ( 1-adamantylamido)dirhethoxy(n5-tetramethylcyclopenta-
dieny!)silanetitanium (if) 1,3-pentadiene; (n-butylamido)ethoxymethyl(ns-
tetramethylcyclopentadienyl)siIanetitanium (1) 1,4-diphenyl-1,3-butadiene; (n- _,
butylamido)ethoxymethyl(ns-tetramethylcydopentadienyl)silanetitanium ) 1,3- \
pentadiene; (cyclododecylamido)ethoxymethyl(ns-tetramethylcyclopentadienyl)— '

25 silanetitanium (Il) 1,4-diphenyl-1,3-butadiene; (cyclododecylamido)ethoxymethyl(ns-
tetramethyIcyclopentadlenyl)snIanetltamum (I} 1,3-pentadiene; (2,4,6-trimethyl-
anilido)ethoxymethyl(n -tetramethylcyclopentadlenyl)snlanetltanlum (i) 1,4-diphenyl-
1,3-butadiene; (2.4,6-trimethylanilido)ethoxymethyi(n -tetramethylcyclopentadxenyl)-
sulanetltamum (1) 1,3-pentadiene; (1-adamantylamido)ethoxymethyl(n -tetramethyl-

30 cyclopentadienyl)silanetitanium (Il) 1,4-diphenyl-1,3-butadiene; and (1-adamantyl-
amido)ethoxymethyl(ﬁs-tetrarnethylcyclopentadienyl)silanetitanium (I1) 1,3-penta-
diene.
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15 conmpound vul cani zati on process. U tra-Low Ml ecul ar Wi ght

Et hyl ene Pol-yners Et hyl ene pol yners havi ng ape=sttael-om _
mol.ecul ar wei ght can al so be used as conponent (A), [ EWIS SHEEToHAS GEENT
this invention. In one enbodinent, 20 it is contenplated|that REPACED nore

of corrponents éﬁé ’éf%’ or (C) may ~conprise an uItra:mvmW‘
wei ght et hyl en 87 r characterized as having a Merr] 1ess than
11,000 and an MNW M of from 1.5 to 2.5. These ultra-I|ow nol ecul ar

wei ght et hyl ene pol yn’ﬁ!escmm}exhaumbegeméby dsa)oforelidkdnown sehthétic techiniques.

di eri.als. tain instances |
e he Ul e o R oAU ind e B ielEn solyBof e Ringer o oot
(A, (B), afromet00tcBODE, mefemttlvmom o%6 touiiod &, Inwst prefegétily SemiCoto\sBtGl Ai ne

hyl / a- Lo han 0 90 /cc
ond” char act er | 2/FauBhd Soef il BE Lo e e nibedl M35 bl refiB8a b lorerin d
| engt h when Vi ewoweuexidagjon state. dixgmpies of smtahlsmewmmgantsmalwymetaw

h | |
horopol yrrer s o kg 8ar mbEs? Sanfet ekt ine ol B} a1l el ol Shating emty 1
unsat ur at ed Irm nometals suoh F%mwn@rcunomdam gad eeldlctn@ta,ssnpmlaﬂeylespdmhc s,
Wh th t C e

br e ef e coron o meleR S s iiter KT MG Mnk %ﬁ‘é‘m LS
propene, and Grignard reagents.

10 Suitable reaction media for the formation of the complexes include aliphatic
and aromatic hydrocarbons, ethers, and cyclic ethers, particularly branched-chain
hydrocarbons such as isobutane, butane, pentane, hexane, heptane, octane, and
mixtures thereof; cyclic and alicyclic hydrocarbons sﬁch as cyclohexane, cyclo-
heptane, methylcyclohexane, methylcycloheptane, and mixtures thereof: aromatic

15 and hydrocarbyl-substituted aromatic compounds such as benzene, toluene, and
xylene, C1.4 dialkyl ethers, C1-4 dialkyl ether derivatives of (poly)alkylene glycols,
and tetrahydrofuran. Mixtures of the foregoing are also suitable.

Suitable activating cocatalysts and activating techniqhes have been previously
taught with respect to different metal complexes in the following references: EP-A-

20 277,003, US-A-5.153.157, US-A-5,064,802, EP-A-468,651 (equivalent to U. S. Serial
No. 07/547,718), EP-A-520,732 (equivalent to U.S. Seriat No. 07/876,268), and EP-
A-520,732 (equivalent to U. S. Serial Nos. 07/884,966 filed May 1, 1992), the
teachings of which are hereby incorporated by reference.

Suitable activating cocatalysts for use herein include perfluorinated
25  tri{aryl)boron compounds, and most especially tris(pentaﬂuoro-phenyl)borane: ?
nonpolymeric, compatible, honcoordinating, ion forming compounds (including the
use of such compounds under oxidizing conditions), especially the use of ammonium-
» phosphonium-, oxonium-, carbonium-, silylium- or sulfonium- salts of compatible,
noncoordinating anions, and ferrocenium salts of compatible, noncoordinating anions.
30  Suitable activating techniques include the use of bulk electrolysis. A combination of
the foregoing activating cocatalysts and techniques may be employed as well.

lllustrative, but not limiting, examples of boron compounds which may be used
as an activating cocatalyst in the preparation of the improved catalysts of this
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| sobutyl ene, 1-butene, 1-hexene, 4-nethyl-1-pentene, and 1l-octene. O her
preferred mgnoners include sfyrene, halo- or alkyl substituted styrenes,
tetrafl uoroet hyl ene, vinyl benzocycl obutane, 1, 4-hexadi ene, and napht heni cs
(for exanple, cyclopentene, cycl ohexene and cycl ooct ene). 5 In
sone cases, ultra-low nol ecul ar wei ght ethylene polyners suitable for use
in the pol ynewownzese7es of this Invention have a M | ess t hanP@USYP1184n(
usi ng the process for nmaking the ultra-Iow nol ecul ar wei ght ethyl ene

Pﬁg”‘;rgogexr ' ﬁ\f‘e% n are tn-%ﬁi:%ted’éﬁéﬁhmﬁﬁ%&%ﬂ&a éﬂn}%ﬁ-{x&nﬂﬁy&f tﬁes'\l/'; less

pol ymers wil | mt@m;agrﬁaﬂmmpheml)&hma‘te tnethylammomum tetrakps(pentaﬂuorophenyl)

[err] 10 t@ﬁ\%\:troéﬂaﬁﬁioﬁﬁ:ﬁﬁe E@g 5%%?%591) ﬁérﬁéﬁﬁ(]n%tﬁjl ahiMfoniym

ultra-1 ow rmlecu nmer's tra ow nol ecul ar
et hyl ene pol ynﬂetsaleﬁ(eentaﬂuompbﬁw*mawféfﬁembub[ ammeniumstetsakis(pentafBBOr of

l'ess than ahout h%g Poorhts, ﬁinméﬂlﬂéﬂ%?mmmm tetraRiS@ehtafibr %ﬁ\@g 1) Mbrhtd, Wt

vi scosities | es an abou bei ng easily attal ne
process for kqifﬁgthb"ﬁ@!l'é!“'ﬁ&Wﬁ"ﬂpﬁﬁ‘?ﬂwfﬁmﬂ'ﬁ@ befate. Nl%’d'methY'am""Nfese

ultra-1ow ol eqendyiridfperafiudtbphe ngmsorafel NRidimh ﬁhﬁfﬂ?ﬂ@%ﬁi’d f-(- and have
a narrow nol ecul ar” wel ht di stribution err err]). For these polyners,

the Merr]/M erWY“F'%‘eT’W'St'Wez rBaAdistetrafivan aﬂlﬂj"‘b“) nate, M. m&mvzarylmqm sone
cases in the tetrak.é(maoﬁrbay&.iyn& 805, %—t%trafﬂb?oﬁhbhilﬁbdr&!’ NN-@fetfanifiugt

pol yners have a ckbone which is op ally substituted with

yner
up to 3 lonl§ clﬂﬁ"ﬁﬂﬂgwl?ﬁmﬁﬁ(geﬁéﬂ“qm"@bmﬁsﬂ Naiethylaniiniurm tetrakis(pentaer |
the Merr] of tfh»erdph Bobie, 0 Nadimbivyl-2\@ j6fimettiy RKNIGIDM terdigeTer s i s

retelh;llt gget o the mal pglp élh%or%{q] %Imqlt: t he uI r.a-| ?#(v% L}gg%%%ﬁ)%m o
cal cul ated f romorate tnwngammmmnmrralgé(ara qaeetraﬂbmpthényabbnu wipresyH ar wei ght
Tt Gl ot e AR e e B,
dg/ mn., wiish tteiealés(pGl46Htrafilurophenyl) borate, dimethyl(t-butyl)ammonium tetrakis(2,3,4,6-

tetrafluorophenyl) borate, N,N-dimethylanilinium tetrakis(2,3,4,6-tetraflucrophenyl)

borate, N,N-diethyianilinium tetrakis(2,3,4,6-tetrafluorophenyl) borate, and N,N-

dimethyl-2,4,6-trimethylanilinium tetrakis(z.3_.4.6-tetréﬂuorophenyl) borate;

diéubstituted ammonium salts such as di-(i-propyl)Jammonium tetrakis(pentafiuoro-

20 phenyl) borate, and dicyclohexylammonium tetrakis(pentafluorophenyl) borate;

trisubstituted phosphonium sailts such as triphenyiphosphonium tetrakis(pentafiuoro-
phenyl) borate, tri(o-tolyl)phosphonium tetrakis(pentafiuorophenyl) borate, and tri(2,6-
dimethyliphenyl)phosphonium tetrakis(pentafiuorophenyl) borate; \

disubstituted oxonium salts such as diphenyloxonium tetralds(pentéﬂuorophenyl)

25 Dborate, di(o-tolyl)oxonium tetrakis(pentafluorophenyl) borate, and di(2,6-dimethyl-
phenyl)oxonium tetrakis{pentafluorophenyl) borate; disubstituted sulfonium salts such
as diphenylsulfonium tetrakis(pentafluorophenyl) borate, di(o-tolyl)sulfonium
tetrakis(pentafluorophenyl) borate, and bis{2,6-dimethylphenyl)sulfonium tetrakis-
(pentafiuorophenyl) borate.

30 A most preferred activating cocatalyst is trispentafiuorophenylborane.

Alumoxanes, especially methylalumoxane or triilsobutylaluminum modified
methylalumoxane are also suitable activators and may be used for activating these

metal complexes.
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calculated melt indices of at |east 10,000 dg/ min. bei ng easily attained.

The’, ul t'ra-1 ow nol ecul ar wei ght ethylene polyners will ty

density of fromO0.850 to 0.970 g/cc. The density enpTN@SHEET HAS BEEN
function of the end use 30 contenplated. For instance, en tREPLASEDer i

i ntended as a \Q% hetitute densities greater tham 0. 9%@%ﬂ§@b1y
greater than O 0, g/cc are appropriate. In contrast, when t

polymer is intended as the strength-inparting conponent

20 . The molar ratio of metal complex: activating cocatalyst empieyev-pyefeirmtiT

WD 97/ 26297

PCT/ US97/ 01180 "onoe frﬁ'gn1s1|%°§g A e e T Vet o dbro PretreRy from; gos,

g/cc are appropiized:1-\indie ereferred case jpwhich agmetatsomplaxds avte'P@thypEﬁpymar i's

an interpol ynmer ﬂﬁéroﬁidhylbeﬂﬁe%& hlls'ﬂbu@faﬁim&urﬁ mod|ﬂed Rt ARISxané, “lﬁé1 as

t the _d t be | t h 1.
1 1 e | ow mof o BT EUDIG] BT e amedly Forykg: oy rt 0. bmost

characteri zed agypiailyiorn@bowtais:sbl e. That is, the ultra-Ilow nol ecul ar

wei ght et hyl ene pol yners.of the invention are characterized as having
a pour point greaterAtallhméﬁmmd}ﬁdﬁlmgreﬁiﬁnwﬁmchsbr{er‘éSB’MréB@&al st hy!
Preferably, the In e ulira-l ow cyl| ar, wei et ene
pol ymers wil | 88@%’5*?‘@5'“ %%?4 erygen,and mg‘ﬁf !'H'\erefore oy catalyst’

components and catalysts must be prepared and recovered in an oxygen and
10 moisture free atmosphere. Prefefably. therefore, the reactions are performed in the
* presence of an dry, inert gas such as, for example, nitrogen.

The catalysts may be utilized in combination with at teast one additional
homogeneous or heterogeneous polymerization catalyst in separate reactors
connected in series or in parallel to prepare the polymer blends according to the

15  presentinvention. Anexample of such a process is disclosed in WO 94/00500,
equivalent to U. S. Serial Number 07/904,770, as well as USSN 08/10958, filed
January 28, 1993, the teachings or which are hereby incorporated by reference
herein.

These catalyst compositions may be prepared as a homogeneous catalyst by

20  addition of the requisite components to a solvent in which polymerization will be
carried out by solution polymerization procedures. The catalyst system may also be
prepared and employéd as a heterogeneous catalyst by adsorbing the requisite
components on a catalyst support material such as silica gel, alumina or other
suitable inorganic support material. When prepared in heterogeneous or supported '

25 form, itis preferred to use silica as the support material. The heterogeneous form of
the catalyst system is employed in a slurry polymerization. As a practical limitation,
slurry polymerization takes place in liquid diluents in which the polymer product is
substantially insoluble. Preferably, the diluent for slurry polymerization is one or more
hydrocarbons with less than 5 carbon atoms. If desired, saturated hydrocarbons

30  such as ethane, propane or butane may be used in whole or part as the diluent.
Likewise the a-olefin monomer or a mixture of different «-olefin monomers may be
used in whole or part as the diluent. Most preferably the diluent comprises in at least
major part the o-olefin monomer or monomers to be polymerized.
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and nore preferably greater than 50 C. 10 The ul tra-1ow nol ecul ar

wei-ght. et hyl ene pol yners have a crystallinity fromO percent to 80
percent and thus may be sel ected according to the preferred density
ranges of conponents (A), (B) and (CO). Honogeneous ul tra-| ow

nol'ecul ar wei ght ethylene/[err]-olefin interpolynmers may be
advant ageous wo26292i n applications of this invention, as tREVUSEA11800 g
|l ow 15 polymer and formnul ation viscosity but are characterized by a peak

crystallization tenperature which is greater than that of .
correspondi ng hi gher nol ecul ar wei ght materials of the same density.
‘The ultra-| ow pRi&rdd Rdnqe&l oht et hyl ene pol yners may be obtai ned by

reacti ng ethyl ene and af ieast one et hyl eni cally unsaturated conononer at a

reaction 20 t enper Hi@pAYTeRr mixtures of thegresent inventign willpsefp@blydave aconst r ai ned

geometry cat al Yghtalifityeof at least & A6 mdré BBieast 15)RieAl breferdbily 8 thange
Prom 100 C 1o Sanaliliboratiess mdré BReférabiy bOieast 15YBHEA, blefurably i to

preferrgbl ¥> from %0
t enper at ur e aPO PerEeM; MR Prefecablyupin 30 percent. MaRRrelsERbiP o R R persentof
| ower nol ecul agnd\evedithord praférablg up to 18 percent. In conjunction with the
reactor tenperature,_ the hydrogen:ethylene nolar ratio 25 influences the
mol ecul ar wei ght of FERte ?}Yeﬁf‘r@rgp,dxm%’ H*’&W@a’ﬁ"@ r"l'fﬁfﬁﬂ"ﬁ&@?f’qeé\"@ Systallipitiegof
to | ower nol ecudmponeni @) andedrponeat (BYBYenérally stesdst 7 PerkitBrefdtadly afiehste’ ']
Cheragn T ontbpase. SpapreRaBy ik for i ey oot | > "
hydr ogen: etfly| erystatinityest ahypbmedoficompbrstits (A),ABY,.and IC) and the crystallinity oftager al | y
e et 2 e BE5 28 5 (5 Mianin Syl e PP b 0Bl vt © *°
preferably fropercent, momipreferably nobgresterithad 80 percent( 8vert mord(iefisfably.nof he
22' ymerizati Ongr'e%te?&%rﬁlpleycem, even more preferably not greater than 30 percent.
In a preferred embodiment of this invention, the number average molecular
15 weight of component (B), M,;, is greater than or equal to the number average
molecular weight of component (A), M,,,. In a particularly preferred embodiment, M,,,
‘exceeds M,, by 10 percent preferably by 20 percent, more preferably 50 percent.
These blends generally have improved properties relative to polymer mixtures that do
not fulfill this further requirement, such as higher softening point under load and lower
20 compression set.
The weight ratio of component (A) to component (B) in the polymer mixture is
preferably at least 30:70, more preferably greater than 60:40 and even more
preferably at least 65:35, up to about 95:5, more preferably up to about 90:10. The
combined wéight of component (A) and component (B} in the polymer mixture is \
25 preferably at least 60 wt percent, more preferably at least 75 wt percent, even more
preferably at least 90 wt percent and even more preferably at least 95 wt percent,
either based on the combined weight of the polymers in the polymer mixture or in
some instances based on the total weight of the polymer mixture (the “total weight”
including other components such as nonpolymer adjuvants and diluents as opposed
30 to the "combined weight” which here includes just the polymer components).
Component (C) may optionally be present in an amount greater than zero,
preferably at least 5 wt percent, mbre preferably at least 10 wt percent, up to about
40 wt percent, preferably up to about 25 wt percent, either based on the total weight
of the mixture of polymers (A), (B) and (C) or based on the total weight of the polymer

32




conducted at a tenperature of from 100 to 250C, preferably from 100 to 150

C, -and. . nost preferably fromgreater than 110 to 140 C

I n"general, the ultra-low nol ecul ar wei ght ethylene/[err]-olefins useful in.
t he polyrrer m xtures of this invention may be pol ynerized at
conditions for Ziegler-Natta 5 or Kam nsky-Sinn type polyneri

reactions, tha?"qﬁg’g‘?éact or pressures ranging from at rmslf)(ﬁlfadr@g t(’)m
3500 at nospheres (3.55 dVWPA). Suspensi on, solution, slurry,

gas phase, sol i thigtat{the total sreightllinaimingzethercomponents suchoasranpplymeeadjuvants

condition may be | 0 ' ' « US| ; t

'cons!t riai ned éeoﬁgg;@u%'ﬁggfbéqogggﬁt@% ‘gﬁ’éﬂﬁ?f‘@f@“y%%ﬁg%@ﬁd?ﬁsfﬂ?ezsa and

10 5, 278. 272 ampdlymer témepongesiri bed bel ow. A support, especially silica,

alumna, or a ' I

pol yol efin) may be egg+ﬁé§§{§p(@i%ﬁ&b&hb&’n&@ﬂéﬁ&t&%@@e%gﬁ f?‘%éé(d'ld\%ﬂ@h&ﬁ Wi

catal ysts are usretheirange frns0.0heweferably/fmm DA% upte 5000 dg/pﬂmo@ammﬂénb(@ppport

(S Dy STEr EDLY TRUGNAY rod a3 o SPUBL ob Bl O Ol prbRlR o 20001

from 15 1:50, 0@g/ic Thebl otam@hnmemt (b) isfheefertably greaten thari or, @0dl todhel MBOf | n

nost pol yneri za

cat al 5stypol yneﬁclbiz?@%?eemssghlgg%ﬁ%g@%%np‘} %P&Qﬁ{lﬁ%%fgodﬁgonentw) err]:1to

10[err]:1, nore pref emyofﬂhe)mlmremurqmbe nypation)is preferably at least 0.05,

Sol ution poI WEHJ;@E ga%pb,lefgﬁb L bd 60 m vent for the respective
actio err

conponent s o ther soI ven I ncl ude mneral oils and the

various 20  hydr ocaPrfersbiyrramponent (N R %iMHVD MM} of 3t least et aparees .
I1Tustrative exapdbrably %t least 1.8, uﬂseabam%oé YR PreftSbIY B 1PABRDET, antPévens
pent ane, i so-pentane,  hexane, heptane,
more preferably up to about 2.2 and components (B) and (C) have MWDs greater
than or equal to 1.6, more preferably at least 1.8, up to about 40, more preferably up
15 1o about 32. The MWD of the overall mixture is not greater than 3 when the overall
crystallinity is greater than or equal to 21.5 percent.
The blends according to this invention usually, but not always, have at least

two DSC melting peaks.

20 3.  Methods of Making and Using _
Another aspect of the present invention is a process for fabricating the

polymer mixture of the invention into the form of a film, fiim layer, coating or moided
article. The process can include a tamination and coextrusion technique or
combinations thereof, or using the polymer mixture alone, and includes a blown film, \
25 cast film, extrusion coating, injection molding, blow molding, compression molding, ’
rotbmolding. or injection blow molding operation or combinations thereof.
The polymer mixture of the invention can be formed by any convenient
method. Preparing the present compositions by physical admixture includes dry
blending, melt blending and solution blending, that is dissolving one or both of the
30 components in a suitable solvent, such as for example a hydrocarbon, and combining
the components followed by removing the solvent or solvents. Dry blending involves
- blending the individual components in solid particulate and subsequently melt mixing
in a mixer or by mixing the components together directly in a mixer (for example, a
Banbury mixer, a Haake mixer, a Brabender internal mixer, or a single or twin screw
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oct ane and nonane, as well as m xtures O al kanes including kerosene and

| separ. . E[err], available from Exxon Chem cals Inc,; cycloal kanes such
as ‘cycl opent ane and cycl ohexane; and aromatics suc Al
t ol uene, xyl enes, ethyl benzene and 25 di et hybenzene. THIS P?Q&STR%EN
sofvent is present in an anount sufficient to prevent ph Lol

the reactor. Wweahe9sol vent functions to absorb heat, |ess s&CTAISS74180]s t o
a less adi abatic reactor. The solvent:ethylene weight ratio is

et el yotef 11 or SiRBeidfondiifs compouring ehyldr bd 3 sl A Ml SR’ 1'01
‘ratio is in thediregtiydownsyream:of atnterpolymerization process.
22 | T emi:;t?‘é?%fﬁ@tiﬁvghtiéri GRiniia? o RANBAFIGHAE! @1 OW
ul ar wei ght ethylene/lerr ol'efin interpolyners useful in ith
I nvention nay fioterrealymesizationeofiethylens iand the desired o-qlefinusing eanstraingd ocess,
Support such adiineey taBRCh of RsiNa fEct S BRAREfnd d bothety caransl O
t ake S pl apﬁegiﬁ-wpqmtdwi in pUjeast one athanreaetor. hEhegeastotsrcap be dpetatéds
st 3 oy, Bl il
disclosed in PCT Patent Application 94/01 052_. incorporated herein by reference.
Preferably, the present compositions are prepared using two reactors
10  operated in series or in parallel, or by in-reactor blending using two or mbre catalysts
in a single reactor or combinations of multiple catalysts and multiple reactors. The
general principle of making polymer blends by in-reactor blending using two or more
catalysts in a single reactor or combinations of multiple catalysts and multiple
reactors is described in WO 93/13143, EP-A-619827, and USP 3,914,362, each of
15 which are incorporated herein by reference. The present polyolefin compositions can
| be prepared by selecting appropriate catalyst and process conditions with a view to
the final composition characteristics.
The polymer mixture of the invention can further be formed by isolating
component {A) from a heterogfeheous ethylene polymer by fractionating the
20 heterogeneous ethylene polymer into specific polymer fractions with each fraction
having a narrow branching distribution, selecting the fractions appropriate to meet the
limitations specified for component (A), and blending the selected fraction in the
appropriate amounts with a 6omponent (B).' This method is obviously not as
economical as the in-situ polymerization described above, but can nonetheless be l
' 25 used to obtain the polymer mixture of the invention.
Additives, such as antioxidants (for example, hindered phenolics, such as
Irganox™ 1010 or Irganox™ 1076 supplied by Ciba Geigy and phosphates (for
example, Irgafos™ 168 aiso supplied by Ciba Geigy, Sandostab PEPQ™ supplied by
Sandoz)), cling additives (for example, PIB), tackifiers, plasticizers, oils, peroxides
30  (such as for wire and cable coating applications), pigments, colorants and fillers may
also be included in the polymer mixture of the present invention or in films formed
from the same. Although generally not required, films, coatings and moldings formed
from the polymer mixture of the present invention may also contain additives to

enhance antiblocking, mold release and coefficient of friction characteristics including,
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than 5 carbon atons. If desired, saturated hydrocarbons such as ethane,

propane or . but ane may be used in whole or part as the diluent.
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atons, a salt of narewwcosmhomertcathpasitioh areliagow mdledular weighbpolyraers dwittc {2)l
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copol yners of et HEBh di,gg&l SRR, @'ﬁ%‘i’l

nore detail In U at ent a%&hg%é‘?gﬁbn r IT'EI %g‘%ira q?teu 5%er| nH o?oer )
In addi t ton Wmﬂl@ m‘&j’ﬁﬂepw p&ﬁ@nmsmyn abihesame meltindex mmwuwfm
et hyl enet mel hyl  the polymer phase. The polymer blend pius oil can include fillers such as clay,

calcium carbonate and talc, for example, to aid in lowering the cost of the compaosite
and enhance the mechanical properties without loss of the observed advantages of
the blends.

20 The polymer mixture of this invention may further include recyéled and scrap
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

25 LLDPE and HDPE) as well as with high pressure polyethylenes such as, for example,
low density polyethylene (LDPE), EAA interpolymers, ethylene/vinyl acetate (EVA)
interpolymers and ethylene/methacrylate (EMA) interpolymers, and combinations
thereof. in some instances, it is pr_eferable for the polymer mixture of this invention to
contain less than 50 wt percent, more preferably less than 30 wt percent and even

30 more preferably less than 10 wt percent, diluent material, particularly when the
diluent material is a styrene copolymer, more particularly when the diluent material is
a styrenelbutadigne rubber and even more particularly when the diluent material is a
styrene/butadiene/styrene block copolymer (SBS).
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10  mold and removal of the molded articie from the mold for each injection. This resulits

in prolonged cycle times between injections, which translates to lower productivity for
a given investment in injection molding equipment. There is thus a strong desire in
the polymer industry to reduce this delay in cycle time. An important and unexpected
advantage of this invention is that it reduces cooling time, and hence decreases

15 cycle time, for a given crystallinity and melt index.

In a preferred embodiment of this aspect of the invention, the cooling time,
and hence the cycle time, is less, preferably 20 percent less, moré preferably 50
percent less, than the cooling time measured the same way under the same
conditions (that is, same equipment, same starting and ending temperatures, same

. 20  degree of cooling after injection, etc.) for a single ethylene polymer made of the same
monomers as component (A), but having the same crystallinity and melt index as the
polymer mixture in question. The cooling time of the polymer mixture may also be
less, preferably 20 percent less, more preferably 50 percent less, than the cooling
time predicted by the rule of mixtures, yielding a corresponding improvement in cycle ‘

25 time. '

The ponmer mixtures of this invention can be shaped into a final shape and
then crosslinked with known crosslinking agents to form vulcanized elastomeric
products. The expression “vulcanized elastomeric products” as used herein means

~ products having a crosslinking density of at least 5 percent gel as measured via
30 ASTM D2765, Procedurs A, which is incorporated herein by reference. Crosslinking
agents include peroxide, sulfur, epoxy and other known heat-activated curing agents
‘and electron beam, gamma-ray and other known radiation-activated cure systems. |f
the crosslinking agent is a heat-activated substance, for example a peroxide, sulfur,
etc., then this agent is included in the polymer mixture of the present invention prior
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ethylene/propylene/diene terpolymer (EPDM). The various crosslinideig agents can
be used alone or in combination with one another. One embodiment in which more
than one curing agent may be used is that in which a peroxide is included in the
polymer mixture of step (A) as the free radical initiator to effect the grafting of the
crosslinker to the ethylene polymer. In this embodiment, excess or residual peroxide
from the grafting may be available for initiating crosslinking along with another
crosslinking agent, for example an epoxy, electron beam, etc.

Suitable heat-activated crosslinking agents include free radical initiators,
preferably organic peroxides, more pfeferably those with one hour half lives at
temperatures greater than 120 C. Examples of useful organic peroxides inciude 1,1-
di-t-butyl peroxy-3,3.5-trimethyicyclohexane, dicumyi peroxide, 2,5-dimethyl-2,5-di(t-
butyi peroxy) hexane, t-butyl-cumyl peroxide, di-t-butyl peroxide, and 2,5-dimethyl-
2,5-di-(t-butyl peroxy) hexyne. Dicumyl peroxide is a preferred agent. Additional
teachings regarding organic peroxide crosslinking agents are available in the
Handbook of Polymer Foams and Technoiogy, pp. 198-204, Edited by D. Klempner
and K.C. Frisch, Hanser Publishers, Munich, Vienna, New York, Barcelona (1991),
which is incorporated herein by reference.
coagents, that is promotors or co-initiators, include multifunctional vinyl monomers
and polymers, triallyi cyanurate and trimethylolpropane trimethacrylate, divinyl
benzene, acrylates and methacrylates of polyols, allyl alcoho! derivatives, and low
molecular weight polybutadiene.

4. Formed Article Properties and Uses
At temperatures above room temperature, the articles made from the

polymer mixtures according to the present invention exhibit improved properties both
relative to a single ethylene polymer of equal crystallinity and substantially the same
melt index (+ 20 percent) , and improvements greater than would be expected for the
polymer mixtures under the rule of mixtures. Improved properties include higher
softening point under load and improved hardness, toughness, 100 percent modulus
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met hods for their preparation, are disolosed in U S. Applicatfon Serial No.

545, 4Q3, filed July 3, 1990 (EP-A-416,81M; U.S. Application Serial
No: 702,475, filed May 20, 1991 (EP-A-514,28); as well as
US- A- 6, 470, 993, 6, 374,696, 8,231, 1a6, 5, 055, 438, 5, 057, 475,

5,096, 867, 5, 084,802, and 5,132,380. In U S. Serial Nunber720,041, S
filed June 24wd&@k297( SP- A-51 4,828) certain borane deri vavedCafussei18d
f or egoi ng constrai ned geonetry catal ysts are disclosed and a net hod

for their prep LR, 'rgeaq - A 410

conbi nat i ons ofacI f%fg @c'}?ﬁ*. acndccgw?é}gilahggﬂgarﬁéﬁé eo F?enilﬂré;;é@%s gféyag%rgthw 19N

-al unoxane wer e teinperatee:thal is, 26C) aifcastempéematures in exerss wfib0 or80 Con cat al yst s.
| b- W10 pt at enef t is . . . - _ SWAS
CThIS O Fhbe ifiroved propartes are achisved without requiting srosglinking of S'0° | |
whi ch tit anhi mihese polymesmixivnes. Althaugh these prlymat mixires may be guissithked,theyar e
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but yl am do) 3i met hyf" I®54et rarr{le"tahy?rclzill%ﬁrgomerc{"fl ac(i?sesrllnﬁlfs ingﬁ%tta??sacr’lfitﬁemnfrf V)
di nethyl ; (n- crosslinked products include ease of processing, fiexibility in manufacturing methods,

but yl am do) dI negjnlyédytiaBility oF thaBelymer.cycl opent adi enyl ) sl | aneti tani um (1V)
dib I, (t- ' :
blut ; Pg?/n do§ di met hy| (Howeser.fudher improvareanisin dhase ppapegies may-e: ehtained thropph

di methyl, (t. crossiinking the polymer mixtures of this invention beyond the gel point. usec?
butyl am do) dl et hyl (I 5-t ot anet hyl cl opent adi snyl ) si | anet ani un (| | benzyl ;

( cycl ododeyi@aniheminy"eressiDking”jand; erpsslipiadh yndiude|nartialiy,erasslipking (aresslinked) asini um
- (1'V) 20 di beryailas filli§.cfos8linkingTBro8siinkéd),| dsdengras hé Bivsélikking results in a gel
-tetranet hyl eycl gpent adi enyl o ne- tiitanium (11) dibenzyl; .
(1- adanant yl am ?H%'%??‘P%’ladgéﬁﬁﬁ)g% IPrSrers &ht !0 3PR Preferred embodiments,
sl ai etitanl um (these pdiylren mipttures have a crosslinking density of at least 20 percent, more ,
(1) et ' bl Rapl s i e et ksmapomeszot 38, )+
si | anet i t anisumnidaduredivienXyTM D265, Fisoednkeyd. am do) di met hyl (71 '
b Yo D0 e PG A bl b b AL ave o
pent adl enyl ) Q |saftening pointumdér lvdd (definedaboye) @reatertiydndhatddich wawgd be predidted
-tetramet hyl - based on the softening point under load, of a simitar polymer of the same crystallinity
and substantially the same M| (£ 20 percent) or, more preferably, greater than the
20  softening point under load predicted by the rule of mixtures based on the softening
point under load of the individual polymer components of the mixture weight
averaged together based on the relative wt percent amounts of each of those
components in the mixture. Blends A through F according to this invention are shown
to fulfill the first of these preferred embodiments in FIGURES 1 and 2 and blend A is \
25  also shown to fulfill the second of these preferred embodiments as shown in FIGURE b
3 3
Preferably, the polymer mixtures according to the present invention have a
softening temperature under load (1 N applied with a flat tip probe having a diameter
of 1 mm) of at least 3 C, more preferably 5 C, even more preferably at least 10 C,
- 30 ' greater than the softening boint predicted by the rule of mixtures. In one preferred
embodiment, the polymer mixtures according to this invention have a softening point
under load of at least 75 C, more preferably at least 80 C. FIGURE 2 shows a
polymer mixture according to the present invention having a softening point under
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%aEET temppratyye %?gg}ven Shore A hardness. Preferred polymer mixtures accélr\'/d%rlw\lthED
PCT/ US97/ 01180  the presbettinvemtibiyave\ccupe Atrainess b9 48 dtartempéraiire! Aighérhan

et avet hyl oo TP SRR B T ok pemer.of o sarme 57yl e SHOGe & harcness
adamant yl ani do) dafi45 pancoprefeydabiy higher eandheeteimplecature pretiivtedibasey lohthd AMebf t ani um
(v di ber

(n-but yl ami do) di niéquﬁ%stqIFgr?f%'PP%}g? ROYISE mixiures aoearding to the presentinveption, s

(1v) dinet _hyI have a temperature at Shore A hardness of 45 at least 3 C, preferabiy atleast 5C,
(1) o bonzy L (%) HBHY pietetatf R0, G RN B \RRed e Bl o
hardness of 45 for a similar polymer having the same crystallinity or the temperature
predicted by the rule of mixtures. The former is illustrated by FIGURES 4 and 5,
which show that biends A, G and H according to the present invention exhibit a Shore
A hardness of 45 at a temperature higher than that of a polymer of the same density.
15 The 100 percent modulus {stress at 100 percent elongation) is also improved
with mixtures according to the present invention, particularly at elevated
temperatures. This improvement may also be measured relative to a similar polymer
of the same crystallinity or preferably relative to the 100 percent modulus predicted
by the rule of mixtures. When the 100 percent modulus for the polymer mixture
20 produced according to the present invention is measured at 80 C, a measurable
improvement is obtained. The improvement is preferably at least by a factor of 1.5,
more preferably at least a factor of 2, even more preferably at least by a factor of 4,
relative to a similar polymer having the same crystallinity, preferably relative to the ,
100 percent modulus predicted under the rule of mixtures. \
25 In a preferred embodiment, the 100 percent modulus of elasticity at 60 C is "
at least 120 psi, more preferably at least 140 psi.
At 60 C, toughness is also improved, preferably by the same factors and
amounts as for 100 percent modulus.

Compression set (ASTM D385-85, which is incorporated herein by reference)
30 is also improved at elevated temperatures. At 70 C, compression set is improved by
' preferably at least 5 percent, more preferably by at least 10 percent, relative to a
similar polymer having the same crystallinity, preferably relative to the compression
set predicted by the rule of mixtures.
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Eii 'eﬁy?;rginl gn2[‘1#@%33&9&"@%@*%{%E_Tt;i_‘ﬁgng 5 1@5%%’%?&?2&?38@ f%xy met hyl (T5-
t et ranet hyl cchP%‘?ﬁPﬁ%i"EHS‘F?e‘M&ﬂéW‘PﬂFR esives. @PU%%SMS- profile extrusion
Exenpl ary consighs] fa8fhs IR, s, SBdrfing ?‘daaﬁ'sgﬁ% svimaking fhs! :étbf?rgléﬁiihf[b%gds

present in the +3 oxidation staje IE,C g_de } are not limted to
fol | owi ng: (n-and elastic fibers such as for making disposable diapers, etc., shoe soles such as

but yl am dopsdi meahud shdedsdléd), lateiibbtwesy weatherétast, gasiels; etca FoF axampielm (111)

2-(N,N- 25  dinet hyl anino) benzy! : ) L
(t ( but yl anmi do) I ?%9?@‘3% canike e IR fory pefdRbricated frtigles or parts from the

si | anet i t ani ursotripobitions didtidsedihendin) includingaakicuirjection molding processes (for

(cycl ododecyl am_do) dj théliﬁ rk - . .
t et ranet hyl cycﬁxaﬂ' Q&?gﬁ WMW‘ Mid October 1988
2- (N, N- di net hylbsus, WolumereSy Number, 11, pp. 264-268, “Introduction to Injection Molding: by H.

et ! o | BRAGY g 0 0708 A S R PG sichabl
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25 novel compostions described herein. Rotomolding techniques are well know to those )
skilled in the art and include, for example, those described in Modern Plastics :
Encvclopedia/89, Mid October 1988 Issue, Volume 65, Number 11, pp. 296-301,
“Rotational Molding™ by R.L. Fair.
Fibers (for example, staple fibers, melt blown fibers or spunbonded fibers)
30 using, for example, systems as disclosed in U.S. Patent No. 4,340,563, U.S. Patent
No. 4,663,220, U.S. Patent No. 4,668,566, or U.S. Patent No. 4,322,027, and gel
sbun fibers (for example, the system disclosed in U.S. Patent No. 4,413,110), both
woven and nonwoven fabrics {for example, spunlaced fabrics disclosed in U.S.
Patent No. 3,485,706) or structures made from such fibers (including, for example,
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di enyl)sil angti tt&é}‘lrﬁﬂiﬁeé i btherbidxial wmrmbmémbn &g tenter frames or double

hyl
i ot ﬁo;;l( et 2 b o oS Gisawentianaliigt ey Bimupeeasire e dpaqiped. for

2- (N, N- di net hy| agxample; inlThe E dia of Chemical Technology, Kirk-Othmer, Third Edition,

(1 Uty A 90) o Rl B b VoA TAAN Y L SRR SR o e
t2 eE rN arl\rl_eéI P)r/rle tcycl %ﬁﬁem@dn)ﬁmlmmtae&ang procéds duch as described in a “double bubble”

trimet hyl anl 0'3’8?"& %%ﬁﬁyr%ﬁ% %W@FW{’?)@N tgsgchﬁegrﬂifmz%gﬁ taniu
ml( 151) 2£ . Pa(téth—SﬁzrﬁéSMMheller)nU)SoPabpM5371320 (Golike), U.S. Patent 4,820,557

- adaman
Gyl opont adi eny| SR STatan 437 o OBRFRR s, Patent 4 205903 (Bl ot al), s,
Exenpl ary const ratendd. Qﬁd@m(ﬂgrramtal) &ﬁpﬂ?ms.%a %Nllﬁllet)tldﬁ fatent
present in Ehe BoRXMALLAR et bR Gnd 0F. BURnPsDsGAS! [@0Ltig'eh U1.) ESh hi8o blGsed

fol | ow ng:

but yl ani do) dismettysakefilns strustyrasrisern heojayvebrampostiing Wipsoribed heretn. tTeifimm (1 1)
1, 4-diphenyl - gructures can also be made as described in a tenter-frame technique, such as that

used for oriented polypropylene.
Other muiti-layer fiim manufacturing techniques for food packaging
applications are described in Packaging Foods With Plastics, by Wilmer A. Jenkins
20 and James P. Harrington (1991), pp. 19-27, and in “Coextrusion Basics” by Thomas .
Butier, Film Extrusion Manual: Process, Materials, Properties pp. 31-80 (published by
the TAPP! Press (1982)). '
The films may be monolayer or multilayer films. “The film made from the
novel compostions can also be coextruded with the other layer(s) or the film can be |
25 laminated onto another layer{s) in a secondary operation, such as that described in "
Packaging Foods With Plastics, by Wilmer A. Jenkins and James P. Harrington
(1991) or that described in “Coextrusion For Barrier Packaging” by W.J. Schrenk and
C.R. Finch, Society of Plastics Engineers RETEC Proceedings, June 15-17 (1981),
pp. 211-229. If a monolayer film is produced via tubular film (that is, blown film
30 techniques) or flat die (that is, cast film) as described by K.R. Osborn and W.A.
Jenkins in “Plastic Films, Tehcnology and Packaging Applications” (Technomic
Publishing Co., Inc. (19982), the disclosure of which is incoproated herein by
reference, then the film must go through an additional post-extrusion step of adhesive
or extrusion lamination to other packaging material layers to form a multilayer
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1,73- but adi ene;

(n=but.yl am.do) di net hyl (T15-t et ranet hyl cycl opent adi enyl ) si | anetitani um 20
(11) 1 , 3-pentadi ene; .

(t-butyl am do) di met hyl (Tl 5-t et ranet hyl cycl opent adi enyl ) si | ane-

titanium (11) 1, 4-di phenyl -1, 3-but adi ene;

(t-butyl am dowoismeéby| (r 5-t et.r amet hyl - - PCT/US97/01180
cycl opent adi enyl ) sil anetitani um (11) 1.3-pentadiene;

(cycl ododecyl a

t et ranet hyl cydopen% adi eneh?{sﬁ g Goqxinusion Sfmtwf’loﬁnoie lgy%fs[%l hSiTscTbeg By, PR e
-(cycl ododecyl aMWmﬁhtwlmmw stk be iaminated Mﬂwpmﬂa&drssﬁphmgiwlet i tani um
(11) 1,3- 25

(2. 4, 6 111 mot nyPERBAGPRidng on the atver hysicalrequements of e Sl iy,

si | anetit ani umL@m)atlans@iprsw,slon’ibBDbQuIaUetenéConvertlng Magazine (September

(2,4, 6-tringt h?’éﬁzm ag:ﬁg ﬁtlgﬁ‘hﬁﬁ&ﬁersus coexirus in Mogola% r and.coextruded

tetramethyl cyc anetitani um nta
(2,4,6-trinmet hf;lms can aiso go through other post extrusion techniques, such as a blaxlal

- ani | i do) di et hyddntdtisn bRickedret hyl cycl opent adi enyl) si | aneti t ani um (v
di methyl; (1-
adamant yl am do) di meEpygianscaating &rﬂﬂ%‘@&%@ﬂ? foa prasiycing multitaver filemi um (11)

1.4- 30 di phengthrchures’adity e inB¥ét compositions described herein. The novel
(1- adamant yl am do) di rnestmhgt (115t el amet hyl cyc openta- | ove compositons

di enyl ) si | et somprise 5t legg)ong lqygb@fﬂpggmmure Similar to cast film, extrusion coating

(t-butyl am do) & fiEptie Yédhhlqué eNsQQﬁﬁbe)é@xﬁuswn coated onto a substrate either in
pent adi enyl ) si l anetitani um (

4-di ph 3- but adi ene:
(t-butyl ani do) @edmRfiamanpl aye" 2” a gQepdry ?%Pﬁ%’%l opent adi enyl ) si | aneti t ani um
(11) 1, 3-pentadi engenefally for a multllayer film structure, the novel compostions described 27
VO 97n6297
PCT/ US97/ 011 80here|n comprise at least one layer of the total multilayer film structure. Other layers
but yl ani do)sii i sithe mottilayér stiuciues inelode bytlasy adtdimited &ﬁbaﬁliarlléyeﬁ hmebeu@awm
(11) 1, 4- 3- hut adi ene ut ri
-t et ranet hyf cy%'%%esﬁl"éﬂfaimﬁ R/%nous rg?tplgﬂ%%q%e ‘%&ﬂ? fﬁ Efﬂ‘?'yfé’f'&fg
(cycl ododecy! atiieoibeingi used as eposthan obe layer in the same ﬁlm structure SOme of these
tet anet hy! ¢y ChRak il ol HhloR GhjibalNitTalcbhl Bvdnfbdbffiets, 1 3~ but adi ene:
polyvinylidene chloride (PVDC), polyethylene terephhalate (PET), oriented
20  polypropylene (OPP), ethylene/vinyl acetate (EVA) copolymers, ethylenefacrylic acid

(EAA) copolymers, ethylene/methacrylic acid (EMAA) copolymers, LLDPE, HDPE,

LDPE, nylon, graft adhesive polymers' (for example, maleic anhydride grafted

polyethylene), and paper. Generall, the multilayer film structures comprise from 2 to

7 layers.
25 The following examples are illustrative of certain specific embodiments of this
invention. |
EXAMPLES
Materials

The polymers in Table | below were made via solution process using
30 the appropriate catalyst. Table | describes the properties of the various polymers
used. Table Il describes the compositions and densities of blends A-H and the
comparative blend. The data on these blends is presented in FIGURES 1-6.
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5 > . . .
dodecyl.am daq) di i sopropoxy(T15-t etranet hyl cycl opent adi enyl ) -sitanetitani um

(1) 1,3- pent adi ene; (2,4,8-trinethylanilido)diisopropoxy(@

- 2-met hyl -i ndenyl ) si |l anetitani um (11) 1 ,4-di phenyl -1 , 3-but edi ene:
(2,4,6-trinethylanilido)-diisopropoxy(il -tetranethyl- 180
cycl opent adi enywpaT2@%etitanium (11) 1 ,3-pentadlene; (1 PCTUSSION
--adamant yl am do) crii so- . 5 propoxy( Il

-tetranet hyl cycl opent adi enyl )SI | anet it ani yABLE1) 1, 4-di phenyl -1, 3- 10
but adi ene; (1

-adamant yl am do) di i sopropoxy(il5-tet rmﬁM| enyl)stil ane-
titanium (11) 1, 3-pentadi ene; (n-butylam do)di met hoxy(ri l

5-tetranet hyl cycl dpeENgsiymer benyl )sTTaneti ta*u uMe(t]ﬁaex Crystallinity (
1,4-diphenyl-1,3-butad|ene ut di et

t et ranet hyl cycl opgnt Res ﬁ?‘g ane%‘?‘?’ fﬁ?"?ﬁ) \Y;é’gé'm'h’m efe; percent)
(cycl ododecyl am dd)gTEP 1 0f MET [TOXYfidmog./POE 14.0
-tetranet hyl cycl o entadl enyl)-s Ianpf.faaum_(_;g_l_,_ul_phe_n;l 1, 3._15
but adi éne; . SLEP 2 Homog./POE 0.5 8.6

(cycl ododecyl am dg DPENT aflgENY Tangs s
titanium (I1) 1 , 3-pentadiene: 248tr|npthvlqnilidn\dimar axy(rl5
-tetranet hyl - S4Bl pent adi nnyl')'%'ﬂ?&ff’é?ﬁtan um (130 1, 4- §ii pheRHE 1

, 3- but adi ene; (2, 4; metthyt=
ani | i do) di net hoxy(Jr'T5-tetranet h I cvc? o%n ggl er
1, 3- pent adi ene; SLEPI6 adanmant y/| - adondod.RORet h

- bt et ramet hyl cycl GWW - -

, 3-but adi ene; (1 - ntyl am dp) di IXY(rj et rarre'?hvl cy¢i opent a-

di enyl)silanetitansyeP(8ll) 1, 3- pent HomegPOE n- b Jt yI anﬁﬁo) et h( xymeﬂﬁ;& (ql 5t
ionul Ycilbnat it ond oo (110 I—ht-aei-enk

AR - e Nl Al L A

but yl am do) et hoxynEgiiEd {0"] - { et 1 pret Aymog./Raent adi enyBYsi | angt i t ardBLEM (11?

1, 3- pent adi ¢
(cycl ododecyl ami do-ﬁﬁgﬂymat hyl { n5-HetaP@eRPEy| cycl opent adi f nyl ) - 35.3
5- 25 silanetitaniam (T Z-dl phenyl - L, 3- but adl ene,
(cycl ododecyl am do) et hoxynmet hyl (ri -
E <29t 2 age: hyl c%/ﬁl lopﬁot HiEaRe pbiySiefirpéladtbrheér) POP ridahs pblydiefie plasidimene ;
ri met hy
ani | i do) et hoxymtﬂyérébﬁgkaéﬁmb)cbﬁdphep.ent adi enyl ) silanetitanium (I1)
1, 4- di phenyl ut adi ene;
(2. 4,6-trinmethylanilido)ethoxynethyl (r15-tetranethyl cycl opent adi enyl) -
sl lanetitanium (11) 1, 3-pentadi ene;
(1- adamant yl am do) et hoxymnet hyl (T5-t et ranet hyl - 30
cydopent adi enyl )sil anetitanium (11) 1, 4-di phenyl -1, 3-but adi ene; and
(1- adamant yl - am do) et hoxynet hyl (ri
-tetranet hyl cycl opent adi enyl ) sil anetitanium (11) 1, 3-penta- di ene.
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28 ' - me conpl exes can be prepared by use of well knoawn
synt heti c techni ques. The react ons are conducted ina suitable

noni nterfering solvent at a tenperature from-100 to 300 C,
preferably from-78 to 100 C nost preferably fromO to 50 C A

reduci ng agent may be used to cause the netal M to be reduced froma

hi gher to a wobweee7 oxi dation state. Exanpl es of surtabl e r200UBPINgent s

are alkali nmeb |s. ) al kaline earth netals, alum num and zinc,. all oys
of alkali netals or alkaline earth met al s such ‘as sodi unm nercury
amal gam and sodi um pot assi um al | oy, sodi um napht hal enl de, potassi um
-graphite, lithiumal kyls, lithium or R%_gs‘fium al kadi enyl s, and
Grignad reagents. 10 Suitabl-g ction nmedia for the fonrmation of
t he conpl exes include aliphatic and aromati c hydrocarbons, ethers, '
and cyclic ethers, particularly bralehdiCanposition hydr ocar bons such as
| sobut ar¢ e, butane, perntane, hexane, heptane, octane, and mtures
thereof cyc[TT and—aricycrTC NydT OCHk BEFEentof n ,
hept ane, nefthtycl ohejane, nethyl cyol oheptane, and m xtures thereoat
aromati C i S|” CgiRpboneRf UCZADY] - B0 T EUT £U G QITHET CT CORPOUTTES —Jucy e
benzene, tof uene, and Kyl eng, C1.4 diallkyl ehem gluzfd )i akl eo?ﬂer
derivati vesf ofg{@@y gt Ty E[CE8T YCHBE - | 78 1788 ¢ £ gg Ty ofuar—iv x*s&r"s
of the forejgoing are al so spitabl
SLEP 2 80 | . 82
SLEP 3 20 22
SLEP 4 50
SLEP 5 | 33
SLEP 6 17 50
SLEP 7 10
SLEP 8
SLEP 9 50
SLEP 10 50
LLDPE 1 18
Blend 140 | 176 | 178 | 178 | 178 | 178 | 178 | 252 | 252 \
Crystallinity

.@y_imn_t_g_udm
The polymer blends were prepared in a Haake Torque Rheometer usinga

mixing bowl having total capacity of either 40 grams or 200 grams. The mixing was
10  carried out at 180 C at 60 rpm for about 6 minutes.

Softening point under load determinations were made using a
ThermoMechanical Analyzer made by Perkin-Eimer, model TMA-7, with a flat probe
diameter of 1.0 mm was used. The samples were melt pressed at 190 C for 3
minutes and then air-cooled to room temperature. The samples had thicknesses of
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Sui't abl e acovati ng cocatal ysts and activating techni ques have been

previously : taught with respect to different netal conplexes in the
following references: EP-A- 20 277.003, US-A-,15 3,157, US-A-5,084, 802,
EP-'A468, 651 (equivalent to U S. Senal No. 071547,718), EP-A-520, 732
(equivalent to U S. Serial No. 071876, 268), and EP- A-520 %& 7701180
(equi valent to WOBR6BEri al Nos- 07/884,9860 fied May 1, 1992)1’ -
toochinga O Wil arc harob; IrMarMd by rottn Sui t abl e

activating cocat ghystssmmOrA sthdll dieledf Bbdud ‘B|rhtﬁauah$dtér|mrdiﬂﬁd9daé€il onto the
trl(aryl)boron conpound and

tris(pentaf! uor O-SBWBH)"OJ‘%{)F‘&:H%TMit ﬁsﬁgﬁ‘ﬁgF%ﬁh?tedc% Rateiohp&/min from 25 C
noncoor di nati ng, m@&m&%ﬂém&w%fﬁdm HuN]i Pvgbé penetration as fuarikcticrusth
O e Ghmaprak s ot i SRR Akt BB i es
compatible, s tél(éﬂ(‘ae(ilﬁedsdi&hhg9oiaﬂurﬁié3loadhﬂthéeratermsn| um sal ts of
comat LDl e 0on000rd etk 8R0S P B LR Brifed e b SB P i
activating cocat adaddnd lewel compressign eet at 7§ Comnpareddy sirigleompbhent SLEP resin
Il1lustrative. but not , exanpl es of boron corrpounds whi ch may be
used as an &FF%‘?’W&%% atalyst In the preparation of the inproved
catal ysts of this FIGURE 1 shows that an SLEP 2/SLEP 3 blend according to the pf&Sent
AVENDED SHEET]O invention exhibits a higher softening point under load than a single SLEP having the
same density, SLEP 1 (o,#). The disparity in resistance to probe penetration is even
greater at one-tenth constant probe force as shown by the 1cN plots.
FIGURE 2 shows that resistance to probe penetration is improved at

elevated temperature relative to a single polymer-of the same density (SLEP 8) over
15 awide range of component (A) to component {B) weight ratios and density

differences. in this illustration, the optimum crystalliinity difference is 18.5 percent gel

illustrated by blend D according to this invention.

FIGURE 3 shows that the softening point under ioad of the SLEP 2/SLEP 3

blend according 1o the present invention () is higher than the softening point under
20 load under the rule of mixtures represented by the straight line correlation from the

softening point of SLEP 2 (60 C at O wt percent SLEP 3) to the softening point of

SLEP 3 (95 C at 100 wt percent SLEP 3).

The Shore A hardness versus temperature method is an extension of the

ASTM 2240 Shore A method at room temperature. The following procedure was \
25 used fo obtain Shore A hardness versus temperature data: A blend obtained using "

the above mixing procedure was melt pressed at 190 C and held at 180 C for 3

minutes. The sample was removed and immediately placed between two platens

cooled using water at room temperature. The samples had thickness of about 125

mm. A sample piece of about 2" X 1.5" (5 cm X 3.8 ¢cm) was obtained from the
30 plaque and the room temperature hardness was measured. The same sample piece

was then placed on a metal plate in a forced air oven. The hardness of the samples

was obtained at higher temperatures in 5 C increments from 40 C onwards. The

temperature at Shore A hardness of 45 approximated the softening point under load

of these samples. Each Shore A hardness measurement is based on the maximum
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WD 97/ 26297

- PCFI US97/ 01180 I nvention are tri-substituted. amonium salts such as
1ri‘met hyl ammoni um t etraki s(pent afl uorophenyl) borate, triethylamoni um
t efraki s(pent afl uorophenyl) borate, tnpropyl amoni um

t et'r aki s(pent af | uor ophenyl) borate, tri(n-butyl)ammoni um
t et raki s( pent @fg ¢pedphenyl ) borate, tri(sec-butyl)amonium PCTAUSI7/01180
tetraki s(pentafluoro- s phenyl) borate, N N-dinmethylani i ni um

t et r aki t t hyl | | n

et £ Pr LSS BRGNS B R el M o TR Bl B s
benzyl tri s( penpedssedbagairisetg3ampleat e, N, N- di net hyl ani li ni um tetrakis(4-(t-
but yi di met hyl si |yl : .

NN i et hyl ani 1 n JHGURE ©gnglis g bt PORETRY ackoiidiine present iventin
6-t et r af | uor opleribit a Shore X kardnéshlofi4 Srat npipberiternpérature than the single polymer of

pentafl uor ophegaxyl{d cﬁ%?@‘ %EE#LIO rzfé?%be&%ws R bRh8 (AT WRIcR 'Y bRk of fld'™

tetral ds(pent a-
N, N- di net hyl - 2 homepolymere.texyubasnaIShnrmmrdnemfsfw at a high¢rtempefature tivgrhizend )

i ot byt armoni (ot VRERM BT of Giiriodendol i  EGEIERNS potymer 1 ©

ammoni um t et raI(Ii-lé'-IP,_Ew 4, 6-tetrafl uorophenyl) borate, tri(n-butyl )ammnl um

15 tetrakis(2,3,4 &lé@hﬁegil*b%orO%?]Bﬁh)(Hfﬂc@Fﬁngtg'tﬁHaﬁrgi’érﬂnngﬁ i d5HH E' um

tetrakis(2, 3,4, 6- tetr bor at di nmeth

t et raki s( 2,18, 4 agShoea A handnesss 48 & » }emperawmb&vbm &Righpethap S&EP 1 lm\um
tetrakis(2,3, 4, I@éﬁéﬁé Ehﬂﬂm%%%tmt R ot Qﬁé}"than comparatlve blend -1

di rethyl -2,4,6-trinmethylani [ inium

4 6-tetraf
bor at e; diinswhish ?hPMnéde eavaeed fonthehigh a@%@w density pe"d)ir'g%ﬁ lejr% g&’)ﬁﬁ#&ﬂ'ﬂu m

tetraki s(pentaf | uor eum%ssnoﬁaartaénhgh%%bﬁlea%mbd& teh\@mi gml Ufhe
t et raki s(pentafl uorog enyl) tri EUESt | t%t hon| um salts

such as tripheS3MpRips Eﬁﬂeﬂﬁ'ﬁsé?‘?' bR
t ri (o-tol yl}phpaaiheaioufinforiisks hiaif mtrecﬁﬁ.uemssﬂhﬁwto)@@oanmhqndz40052 6-

di substi Ut el %;Emfrﬁi‘n?%éq“é?i Eﬁéﬁk@é&ﬁﬁﬁ%ﬂ%ﬁv& hedisks'ors stacked and
t et raki s( pent aﬁlﬁé@fgﬁﬁhﬁhﬂ:l(ﬁéss 20, wastédsiufod. d’fh(e@tdcﬁ b&k)lﬁéﬁcﬁhwon mylar in a
tetrakis(pent af | uor SEIQT? Qg\nge r%%{n%taeSlB ﬁtr:]:ﬂ (‘P eé\;((s spacer Balyand subjected to
compression for 22 hours at 70 C by placing the device in a circulating air oven. The
20 samples were then removed from the compression device and allowed to cool for 30
minutes. The final thickness, t, was then measured. '
Compression set was calculated based on the equation:
Ce= [(t, - t)/(t, - t) x 100
in which C, equals compression set expressed as percentage of the originatl l
25  deflection.
. FIGURE 6 shows compression set at 70 C data for five ratios of low'density
polymer to high density polymer for two pairs of polynier componerits. The
combination of the low density, low M, polymer with the higher density, higher M,
{SLEP 9/SLEP 8) has a lower compression set at 70 C at all blend ratios than the
30  combination in which the M, was greater for the low density polymer. Lower
compression set means better elastic recovery.
Blends which consist of the listed polymer components having the same or
different melt indices (molecular weights) and a density of at least 0.01 g/cc are
prepared to determine if higher loading of processing/extender oil could be .
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phenyl ) oxoni um t et r aki s( pent af | uor ophenyl) borate; disubstituted sul fonium
salts such - as di phenyl sul foni um tetraki s(pentafl uorophenyl) borate,

di (Q-tol yl)sul fonium t etraki s(pent afl uorophenyl) borate, and

bi s(2, 6-di met hyl phenyl ) sul foni um t et raki s- (pent af | uor ophenyl ) borate.
30 A nost preferred activating cocatalyst is

t ni spent af | uor OPIORTREIBr ane. Al unpxanes,. especi alAGIUSI7/01180
met hyl al unoxane or triisobutylal um num nodi fi ed met hyl al unoxane are

gl)frgl s ggts abl e. actjcdmoPdted Mife MMurBvitSRbISHRing &h Irasatdvaqmt\é)e&ﬁe blend pliBof!

The nolar ratio GPMARYIES AR PRINRAIE 10U BRIYREF ﬂ%ﬂk%“%@é@%%bl y

ranges from 1: 10%|tt,,9de&aﬁddgﬁg,ggqm@\ﬁﬁgﬂbhgg@m 1:6 to 1.5:1, nost
preferably from referred case In which a al

commpl ex I's activat edW?bPPF%@H?%Fﬂs ate| pre ¥ed By pREhseRledntemal mhgr (Haake
triisobutylal ym W%M)fahedaﬁ@é Pdddelvléfﬁwm@matdi%ontﬁauous progess that allows

U DO O oo o B gt &gk B S s, 50 o i s
times, the indi viesthaders, egd. E[hﬂlérﬁsaﬁnmbbe@eﬁd?ﬁ vig ﬁmipreﬁdaaﬁ{@hﬁédraﬂons.
catalyst - ! compondhe Sleisigd MR HCPRRg TS o g Hisngs oan Be poanee By i n
an oxygen and incorporating copolymers made with higher alpha-olefins (such as octene) compared
10 to copolymer blends that contain propylene as a comonomer. The specific example
below shows that blends of polymers with oil have higher tensile strengths at ambient
temperature (23 C) and at elevated temperature (60 C) compared to blends of
propylene and octene coboiymers and having same final melt index, density and oil
content. |
15 The applications for the softer polymers include extrusion and injection
articles, FDA-compliant packaging. wire and cable insulation, automotive application
and footwear.
Example A
A polyolefin elastomer, EG8100 having a melt index of 1.0 g/10min and a
20 density of 0.87 g/cc is blended with a polyolefin plastomer, AFFINITY™ PL 1880,
having a melt index of 1.0 g/10min and a density of 0.902 g/cc in a 53:47 ratio to give
an overall melt index of 1.0 g/10min and a density of 0.885 g/cc. The BLEND
(labelled in FIGURE 7) is compared to a pure ENGAGE™ EGB8003 (labelled PURE in
FIGURE 7) having a meit index of 1.0 g/10min and a density of 0.885 g/cc.
25 The oil used is a United States Pharmacopoein (USP) white mineral oil,
Duoprime™ 200, supplied by Lyondell Petrochemical.
~ The compound is mixed on a Haake Torque Rheometer System 90 with a
Rheomix 3000 mixing head and rolier type blades. The temperature is controlled at
100 C. The polymer is added to the mixer and run at 30 RPM for § minutes. The
30 speed is increased to 50 RPM to add the oil. The oil is added slowly to avoid losing
torque during mixing. After all the il is added, the mixer speed is reduced to 30 RPM
and mixed for 5 minutes.
After removing the compound from the mixer, a portion of the sample is
compression molded into a 125 mil (0.32) plagque at 100 C using 133 kN force on a
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10- noisture free atnosphere. Preferably, therefore, the reactions are

perforned in the presence of an dry, inert gas such as, for exanple,
ni t fogen. The catal ysts nmay be utilized in conbination with
at 1east one additional honbgeneous or het erogeneous pol ynerization
catal yst In separate reaclors connected in series or in parallel to
prepare the pohyowinsdzends according to the is present i nventpcainsofniiso
exanpl e of such a process l's di scl osed in WO 94100500, equi val ent to
U S Serial Nu er 0%8 H‘? SN 08/ 10958, |ed January
29, 1993 ih t.o “ r'ﬂ% sF'P?BBr PiSAmElS is Pressad far 1 minute with

These cat al yst mprpaaxrétwmhémhemnmeemwmmtés@mﬁbe@iﬂédwdealmt by 20
ol yneri zation

dd f th in whjch
Wil be O ooyt o0 SLIE ERDR 9 40K FONG R P Clibe pERRS SRR CABR A st

system may al somingtes. prepared and enpl oyed as a heterogeneous cat al yst
by adsorbing. the requisite conponents on a catal yst support materi al
such as sili‘ca gel, alum na or other sui t abl e i norgani ¢ support

mat feri al . y When pr epatbubblod:mmbaﬁdatergmadd:ys:uthng ﬂ\mm%esi;?a%oldw $ampids i&gﬁ: 2 f
referred t r t n m
Phe cat al yst oy iehiEReiE iR 3 BRAGK b fF pBRLE encliitionlia & Shagsis e s .o
limtation, the naarest,0. mmyg)befomplamng halpaperpﬁeﬁmnl the plaquisd The papatiused N
whi ch the pol Y (B BuBle St Mo, 1 size B3Iy Bllol ah SRhRL S TRARLSEAR Y | (N

di luent for slurr zation nor e

| ess than 51Q:armvaedmmqu4m red, saturated hydrocar bons 30 such as
et hane, propane or butane may be used in whole or part as the diluent.

Li kewi se the wcol efin nononer or a mixture of different cx-olefin nmononers
may be used i n Thediapenis verrthin.ao any exceise gl that exusss tothefsarfade will bae

gi) Ingrergff 60 gp[;e%%g?}f éﬂéeeﬁfﬁer and a wBBhXhaRgy WillbaobsEved T THE SIRIUR Y pber

31 "gan wich” is allowed to equilibrate for 24 hours at standard lab conditions (72 ENmsDED

SHEET 15 50 percent relative humidity).

The paper is weighed after the first 24 hours to determine if the paper has
absorbed any oil. An increase in the weight of the cigarette paper by 2 percent or
greater constitutes a loss of oil by bleeding. FIGURE 7 #llustrates the improvement in

20 oil loading and effect on Shore A hardness.

Example B

This example relates to filled systems which include polymer blend, oil and
25 talc. The compounds are prepared in a Banbury™ “BR" internal mixer. The capacity
of the mixer was 1573 cm® and the loading remained constant at 75 percent full
including all ingredients. Table Il lists the formulations of the compounds tested.
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WO 97/ 26297
PCT| US97101180 Pref erred Ranaes The pol yner m xtures of
the present invention will preferably have a crystallinity of at |east
6 percent, nore preferably at |east 15 percent, preferably up to 5 50

percent. nore %;_Ierably up to 30 percent, nore preferably up

IUS97I§ 1 lﬁ(b r

percent, nore preferably up to 18 percent.

the inventive polynmer nixture, the difference between the crystallinities
of conponent (A) and conponent (8) TABLEMlerally at |east 7 percent.
preferably at |east 14 percent,.nore preferably at |east 18 percent.

gonponents (A,

The di fference[baweer] Mstrel | ¢ PRC 1| FiGRA | Voimmet | mf AEwoT
(B), and (O a AVEURE FINE DN Y Pyamo
closest in cryptafinil®™is pret dr&bl y "Hot Er"pgca;” dr™cha
nore preferabl /:7410117 grl@at er 1 pan | B2 pazesnt | 1& 67| 1939 ©

greater than 4pESereer FOH-0 meabJ. gﬁ%&—%a-l
In a.preferred] enbodi fent of ﬁu $ |Even?|' on, ,J?,Q,e nurbe s
is weight of ponponert (B)L M),c s griestser [t han jor eq 9 CoalaerT
aver age A A0 %ggcpéc%?—ﬁ-—m-—l- Vi
preferred enboﬂllr%enf’, I\W‘E‘oa 2 exceedqg , b)é';:g,p pl fz?:e13;:p; F&F abl y W 20

percent, nore pr.afes7al ID}G@ Pmrcm?éo 9.2 These Qleends| genel deigy nay 4932

i rrpr OVEd pr OpE' nS‘ﬁCI at | V- Fa hal sz v %Egs taq-f 'l?fm not falfill
this further rkqui remer?f ?15 a$ Uﬁ?gre?“sof@ g poi pI7und &P Pa%a | &

| ower Blend 25 |27 9.26 0.0 191 55 | 167
percent percent ’
150 163.7 Chamber = 75 percent
75 percent
Full
5 The rheological characterization was made in a Rheometric Dynamic

Mechanical Spectrometer RMS-800. The tests were run at 130 C over a frequency
of 0.1 to 100 Hertz. The frequency is equivalent to the apparent shear rate by using
the Cox-Mertz rule. FIGURE 8 shows that the Blend compound has a higher
viscosity due to the lower |, of the blend (Calculated Blend 1,=0.6 g/10 min compared
10 toanl,=1g/10 min in the single resin compound).
The ambient temperature stress-strain behavior of the single resin system
compared to the blend is shown in FIGURE 9, The compounds were measured
using an Instron Model 1123 universal tester. The rate was 2 inches (5 cm) per
minute and the sample geometry was similar to ASTM D-1708 with a shorter (0.25
15 inch (0.63 cm)) guage length \
FIGURE 10 shows the effect of biending on the Shore A hardness of the :
compound as a function of temperature. The blended compound retains its hardness
at higher temperatures compared to the single resin system. This is an example of
the improved under joad softening temperature (ULST) in a polymer blend with oil
20 including filler for cost savings.
The dynamic modulus as a function of temperature is shown in FIGURE 11.
The blend shows an increase in the temperatﬁre at which the modulus drops off
significantly.
' The data in Table IV below shows the level of oil that can be incorporated in
25  the blend depends on the melt index of the polymer components (Polymer A and
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20° conpression set. The wei ght ratio of conponent (A) to
coriponent (B) .in the polynmer mxture is preferably at |east 30:70,
more preferably greater than 60:40 and even nore preferably at | east
65: 35, up to about 95:5. nore preferably up to about 90:10. The

corbi ned wei ght of conponent (A) and conponent (B) in the polynmer mxture
is 25 preferghlommaley! east 60 wt percent, nore preferably at deEagderghsnt
percent, even nore preferably at Ieast 90 wt percent and even nore

preferably at |east 95 wt perce t her based .on the conbi ned wei ght
of the pol ymerBolymet Wé"ﬂ?ﬂ%’m %%’%5&31&25‘%5"“95 ol Hipom whilesthe ssmigaseitl on

‘the total wei gahae:péndéammtymxmeéwﬁeﬁd (5@31@9@@ witPihe/3ame tevel of NC! Udi Ng
ot her conponents such _as nogg'soq%ner adj uvants_and diluents as opposed 30

to the "conbi neeeifer Rt qiha saow Qi blogms hweméng'm%ﬁum gent s) .

Conponent (C) &%l oP§il (7OPAF bygréste) i€ a0 tb thebleriBDUNt greater than zero,
preferably at | east 5 wt percent, nore preferably at least 10 wt percent.

up to about? 40 wt percent, preferably up to about 25 wt percent,

ei ther based on the total weight ‘of the m xture of polyners (A, (B)
and (C) or based on the total weight of the polyner

32 WD 97126297

PCTI US97101180 m xture (the "total weight" including other conponents
such as nonpol yner adj uvants and diluents as opposed to the7"conbi ned
wei ght™ which here includes just the pol ymer conponents).
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Cofrponent (A) and conponent (B) preferably each independently have a M 5
in fhe range fromO0.01, preferably fromO0.05, up to 5000 dg/ m n. Conponent

(O. preferably has a M of at |east about 0.05 up to 5000, nore
preferably up to 200, dglmin. The M of conmponent (A) is preferably
greater than or equal to the M of conponent (B), nore preferably
greater than tao9R629Dnponent (B). The M of thePEBHU§I1180
m xture of the invention is preferably at least 0.05, |o nore preferably
0.S, preferably up to 100 dgl nin. TABLEIV ™' ef erably, conponent (A)

has a MAD (M/M) of at .least 1.6, mgre preferably at least 1.8, up to
about 3.2, nore prg 0 _a . [

up to about 2.2 and
equal to 1.6,
up 15 to abou

SRS stae0 - | 3515360 STITY 5 Hﬁ—gfsxa‘m-zw" Lz i
[He _ovdrad | m xturksss met greater than )

when the overa Af. htla]l i m';tl. I g1 _?ea.g% t hp¥Mipr g hal [t 21, bimi,

per cent =bHee a%é}ér-d-r HAG o RS = 387 Dt
al ways, have & ob0s0 DSC nelltolsdg ek . | 0.00220 | 0.9k hodkp,

Maki ng and Usi Anilher [dMbec] IMbf t L rafs?elnt Hjrsvent | pmLi s |
process for fajrei € %%%‘I‘W%ﬁﬂ‘i- e—pa-he i e i 8 A 3
formof a fil ikirlg 249€ 00| 49610 OT| 78901 0 NET L8 &, AN
i nclude a | am -7_;_ laextr |&' on fﬁgshnL 'II(;BQ Qr conbij alt Lons
thereof, or us AT A Rl W*&‘w a2
cast fllmextr - 2091 O] 13, - 5w TTPT oo T O™
mol di ng. . dmg 139 1)y ect| d@ehl o pemat | qressor__ | 2871

conbi nati ons tpQ-eei{ale—tB 1 FhaHoly -t 286 n_chn
be fornmed by afgg o C 1l 608 . TEC T I 9 'ﬁ?‘ﬁ?&l‘ 343 NS
by physical adymoeg ur ssmcl u_g_ns dr v 298] ej a1 g, | a1 1 | a1 | 12050021 10] 15883

sol ution bl " Ling (&% okehot 66 1 hs930 lenhmoni@es 1 h

a suitable gg(;l w%ﬂ'“ﬁ‘é“'?“d?‘"m%‘a hydr ocar bon, and conbi ni ng
the conponents foll omc&névgterdaeramramréhelsmbywﬁenehmlwaemﬁe“asuﬁrdm bl endi ng

LTEOLYES 1 SRS Rl CHah, SRORPAEH 3 el ek, "
t oget her di r ectblgnd impeoves tereldviated tempenture performance of the compound. Addltuon of
10 the filler had no effect on the TMA results. FIGURE 12 shows the TMA of the binary
and ternary polymer blend compounds. '
FIGURE 13 shows the stress-strain behavior of the blends made with the
different comonomer in the lower density component (with oil} run at room
temperature . FIGURE 14 shows the stress-strain behavior of the same blends (with
15  oil) run at 60 C. At both temperatures, the blend that contained the octene copolymer
showed improved tensile properties. FIGURE 15 shows the peak stress at ambient i
and elevated temperature stress-strain analysis. :
| The effect of blending poymers with different density (crystallinity content) to
get the same M! and density as a straight resin also shows an advantage in the
20 blend's ability to retain oil to lower temperatures before bleed-out as observed by the
cigarette paper weight gain method. Table V below lists the samples, the target Mi
and density of the polymer and blends and the observations made during the
experiments. The samples are allowed to equilibrate at the temperature listed in the
table and the weight gain of the cigarette paper monitored. A “Y” in the table means
25 that the paper increases in weight by a value greater than 2 percent and the excess
oil bleeds out of the sample.
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Banbury m xer,
twi n screw
ext fuder

a Haake m xer,

a Br abender

i nt er nal

m xer,

directly downstream of a interolynerization process.

m xtures of the invention can further

be forned *in-,

or a sing
33

su via the

|l e or

I ncl udi ng a compoundi ng extruder and a ai dearm extruder enployed

The

i nt er pol yr neriggtohggrepF et hyl ene and the desired z-ol efin usi pgr@s9ro1180

constrained 5

geonetry cat al yst

In at

| east one reactor

and a

constrai ned geonetry catal yst or a Zi egler-type .catalyst In at |east
one other reactor. The reactors can be r at ed sequentially or In
parallel. An exenplary in-situ i nterpolﬁ‘rﬂat I on process is
di scl osed in PCT Patent | | cor por at ed herein by
reference. SET ST NNeHAINGSURSS are prepared
usi ng two reactors | L allel _or ll;lv Ln-reactor
bl endi ng using two pr nore cytarial %
conbi nati ons of mul ; g aarammeny: T Y gener al
principle of makinglpol yner lands bv in-react or end usj ng ltwa or nore
catalysts In a sing : l“f" 1M1 0893 w/cp, Blead, £ 1> pesent oilf -sfi D alydst o and
mul tipl e reac| 8FE*I's adJi PBAT PSR RS T4BY EP- A 810827, 4nd USP
3, 914, 3S2Aahl - i S 26a4) _arjami. a WMSNDYN" 1 g.| Thg prjesent
pol ycl ef | n conposi t | #ks26¢an | Ml Oﬂbl@spmpwe@mms pNect ¥npg prdprijat e
cat al yst and procesmgﬁ-i—t—i—e%—m F e osi tion
characterisnts. WW CIE 0 bercknt b )‘E TR ",f.v TtTjorrican
further be formed bysstussiBat | ng!:n osweccsmpmmo ol Nonj & flev odemgous
oot i~ Ol
ethyl ene pol yner by Hatesta-orat m i i pemmei | H IR 1N TR 15
TABLE VI
10 Components of the Blends Listed !n‘i’abie 3
e . Blend ns
| 532152618 IML, 0885 p/cc + IMI. 0.915gfcc |
[$321526114 1ML, 0.87 g/cc + 1.6MI, 0.895 g/cc
53215-26°¢ 0.5MI. 0.863 gicc + 1.6MI, 0.895 glce ‘
| 53215-26-19 0.5MI. 0.858 giec + 1M, 0.915 glec
53215-26-17 0.5M, 0.863 gloc + 1.6MI, 0.895 glce
The results show that the blends are able to go to lower temperatures before
the oil bleeds out compared to the same Mi and density single polymer compound.
15 FIGURE 16 shows that at temperatures the in-reactor polymer biend retains
Shore A hardness substantially better than the individual polymer components. This
property is displayed even when 30 percent oil is added to the blend. This shows
that softness can be increased and polymer consumption can be reduced by adding
oil to the blends according to this invention and still achieve sufficient hardness at
20 elevated temperatures.

lllustrative examples of how to make ultra-low molecular weight ethylene

polymers are provided below.
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20" het erogeneous et hyl ene polyner into specific polynmer fractions with
each fraction havi ng a narrow branohing distributn, selecting the
fracti ons appropiate to neet the limtations specified for conponent
(A), and blending the selected fraction in the appropri ate anounts
with a conponent (i). This method is obviously not as econom cal as
the In-eiu pol ywowsizeyi on descri bed above, but can nonet hel essPE&USIT01180
Laused to obtain the polynmer m xture of the invention.

Addi tives, suc A3 @ﬂsﬂe Lgapts (for exanple, hindered-phenolics, such as

| rganoxTm 1010 076 supplied by G ba Gelgy and phosphates (for

exanpl e, |rgaf oRar 1:] Breparation of ighi(®MEhy C ba Gei gy, Sandostab PEPQTI
supplied b Sa ' | > y fets.
et cizers, ofl s, Taappershis (ffertiitoiae tET) abbet S5 ATy ook b puigdd tith

pl asti ci zers, or W r an

appl i cations), mitregamit sonsifechofantOsL glass kettle with fiyghymounted bottomuvalke. rieckided
In the pol yner wdaut {6h6n §hsiet) @lafipt S btirteP ¥obritRtsQbedring! 1N adPpadiik). The

fromthe same. Al't hough generally not required, films, coatings and nodi ngs
for rre_d _ f r RAAKS werwmﬁ aﬁf@l‘?ﬂﬁe“{!’ﬁ'%?ﬂi@&%’ﬁ%"e i%@hﬂ\p@ﬁnm;;e@h. SO
contai n addi ti V&g the outer neck8 Rad 8 reNuaEohderReiopSed Wil ghs!iRbGSARt, aRGhiet for
coefficient of friction characteristics incl-uding, )
34 soivent, a thermocouple, and a stopper. Dry, deoxygenated dimethoxyethanegPMBiD
SHEET wad§aded 16t flask (approx. 5.2 L). In the drybox, 300 g of TiCl3 was weighed
PCTI US97/ 01180 . . -
10 into an equalizing powder addition funnel; the funnel was capped, removed from the
drybox, and put on the reaction kettie in place of the stopper. The TiCl3 was added
over about 10 minutes with stirring. After the addition was completed, additional
-DME was used to wash the rest of the TiCl3 into the flask. This process was then
repeated with 325 g of additional TiCl3, giving a total of 625 g. The addition funnel
15 was replaced with a stopper, and the mixture heated to reflux. The color changed
from purple to pale biue. The mixture was heated for about 5 hours, cooled to room
temperature, the solid was allowed to settle, and the supernatant was decanted from

the sdlid. The TiCl3(DME)1.5 was left in R-1 as a pale blue solid.

Part 2: Preparation of [(Me,C,)SiMe,N-t-BulfMgCl],

20 The apparatus (referred to as R-2) was set-up as described fdr R-1, except
that flask size was 30 L. The head was equipped with seven necks; stirrer in the
center neck, and the outer necks containing condenser topped with nitrogen
inlet/outiet, vacuum adapter, reagent addition tube, thermocouple, and stoppers. The ‘
flask was loaded with 7 L of toluene, 3.09 kg of 2.17 M i-PrMgCl in Et20, 250 mL of |

25 THF, and 1.03 kg of (Me4CsH)SiMe2NH-t-Bu. The mixture was then heated, and the
ether allowed to boil off into a trap cooled to -78 °C. After three hours, the
temperature of the mixture had reached 80 °C, at which time a white precipitate
formed. The temperature was then increased to 90 °C over 30 minutes and held at
this temperature for 2 hours. At the end of this time, the heater was turned off, and 2

30 L of DME was added to the hot, stirring solution, resuiting in the formation of
additional precipitate. The solution was allowed to cool to room temperature, the
material was allowed to settle, and the supernatant was decanted from the solid. An
additional wash was done by adding toluene, stirring for several minutes, allowing the

53

R e e o AT A v e e e g TN T RS S M e e ae0




but not limted to, untreated and treated silicon dioxide, talc. calcium

car bonate, and clay, as well as primary, secondary and substituted
fatiy acid amides, release agents, silicone coatings, etc. Still other
addi tives, such as quaternary amoni um conpounds al one or in

conbi nation with ethylene-acrylic acid (EAA) copolyners or 5 other
functional polywgangseray al so be added to enhance the anti st abcfrusero11se
characteristics of filns, coatl ngs and nol dings fornmed fromthe pol yner

m xt ure of ent er t he use_of these polymer m xtures
in, for exanpl ?"df ﬁesem/ t%é?ﬂ? jutign- oThee[I(MHQ53ﬁﬁ’t°3 sensi tive
goods Buj[MgG)2 mspéfefrm-eed aardmﬁhmaﬁd this invention relates to
mul ti -conponent blends of 1o the foI | ow ng material: (1) polyolefin

el astoners, single AR : S 131w comonomer

conposition a v pol yol efin
pl ast oners, st yren| c bl ock copoI yrrers convent | onaI LLDPE, HDPE, LDPE,
and (3) petrol eum béheduatetials in(Rrd @nd Reh weresiutrierhin IME (the totallvelumes lotthei ni shed
products ?ﬁﬂé h t v t ed
terrperature per rﬁ%ﬂg%ﬁﬁm giﬂpﬁ%}"td)c?%a{'@wn e roiggt%&s%f “oyvere conposi tion
at the sane neransfeged taReR ¢ringa tl?niwtllbe Oommemloltberboﬂqnhwe ofthe 1Dl yner
bl end plus oilg I r.b te and
ol c. for examspeind B e hopd Gichirg Wing Sof @i, The rambic IR WRIY 1
enhance the nmewaswashed operdisinoraddiiong! t Theopistuesf darkenedispinkiydol aaidepnt ages
of t he bl may
ﬁ%&wn%lor After 15 minUtes, ‘Ri?:bWif%f 13- ér% Jg darfcﬂie ﬁ? k%é‘f‘fh%ﬂq

further include_rec SCra erla S an
(bot h encolfp as'k@HMS%' ip Fﬂ?'Fé’f&SF é@@ﬁ“gﬂ' "“'&"FB'@’& The maximum te¢mperature reachdte

extent that thguemsk e&.@&qaammﬁaasoﬁerth@mﬁﬁ&m%&i BPﬁlhourB then

Exenpl ary diluent nateri I ncl ude, for exanple, elastoners
anhydride | @PPrOX fhliof SQlvPN wes smaved yader vagiuny xHexang Waﬁém%ltﬂﬁdyﬂ&&leand
mal ei ¢ anhydr ifigk & #fotat Yoldme dib@EEﬁEﬁ'laiﬂ*ﬁhas?ﬂioWEB ko S’é‘itlé""aﬁ t ﬂhm?{ sure

pol yet hyl enes for ex | ow densi ty pol yet ene
EAA i nt er pol yr@gg‘? @ﬁﬁ?ﬂa@ﬁ’gl'wgﬁ?’hﬁwlagéss(@]% ﬁﬁ’f’% r'!’(ﬂ"%oﬁand
Iet hyl enel mst heproqdcasdlut[oﬁl\ws %dlé@éd)b‘y Wg&exﬁi&io@ﬂﬁtuﬁﬁblf&'& mnnutest A of .
n some inst arny er Q r
o " A HiGling s A SBEARAS, B3 el B SrstRe i e B bt
than 30 wt perR&éan‘handvmmRa)uammvm wrider eduymite feavé haed/Bidckéolid owkient |
di | uent rraterl d|Iue I |s astyrene
copol yner, nore pﬁl%%wgﬁﬁ ﬂﬁgﬂ ﬁﬁ@"@’ 2 Sors
: cylinder. Analysis indicated that the solution (11.75 L) was 0.255 M in tltamum. this is
20  equal to 3.0 moles of [(n5-Me4Cs)SiMe2N-t-Bu]Ti(n4-1,3-pentadiene) or 1095 g.

This is a 74 percent yield based on the titanium added as TiCl3.

S sis of the Ultra-low Molecular Weight Polymer ‘

The polymer products of Examples 1 and 2 were produced in a solution
polymerization process using a well-mixed recirculating loop reactor. They were each
25  stabilized with 2000 ppm IRGANOX 1076 hindered polyphenol stabilizer (available
from Ciba-Geigy Corporation) and 35 ppm deionized water (as a catalyst kill agent).

The ethylene and the hydrogen (as welt as any ethylene and hydrogen which
are recycled from the separator, are combined into one stream before being
introduced into the diluent mixture, a mixture of Cg-C4g saturated hydrocarbons, for

30 example, ISOPAR E (available from Exxon Chemical Company) and the comonomer
1-octene.




a styrenelbutadlene rubber and even nore partlcularly when the dl | uent
material is-a st yrenel but adi enel styrene bl ock copol yner (SBS).

35. WO 97/ 26297 :

PCT__JU897/01180 Processes for making a nolded article by

I njection nolding conprise: (A heating a polynmer m xture according to
this inventi on wowrsdrperature suitable for i nj ecti on noPETREIVQLEP
injecting the polynmer mxture of step (A into a nold to formthe

| ded ticl C
101960 8L (YT T8 )3 i s o e
Thi s process napiso contingpushoinigrted intethegerctorEiThe calslyst i ks pigpared upmeﬁa;alyst
mi xt ure. Descripfor G4t Yorf dbl€ e pRhaty BEGhtallol g tigbbridni zwngﬁrgaré&d

SLEPs, require significant qperl 0 efore t e renoved
fromthe nol d i Avalabigifrem Bowder Reieatific as 3 W rergenlisolytionrin 1§ -Edmixed

t enper at ure. Thh§dr6@éﬂ§:ﬁ§aﬁdﬂk€'s§¥oﬁ&§¥y"&8§la éu.@ﬁtsbemyalamrﬂnmwﬁﬁedm' d and

renmoval of the nolded article fromth d for each injection. This

results i nmethylampxan WéotTYR%%béHUé@ﬁ WPH]@EP Naks! Chainieal ing. a8l at es

to | ower produckaiidnin h&tane havirly Dviifcenbdi@®indMNt i n injection nolding
equi pnent. There is thus a strong desire in the polyner industry to

e e el o | "G B s MBS 1R eI 0 cosempitec 0°

react prior to introduction into the polymenzatton reactor. The reactor pressure is

10  held constant at about 475 psig. After polymerization, the reactor exit stream is
introduced into a separator where the molten polymer is separated from the
unreacted comonomer(s), unreacted ethylene, unreacted hydrogen, and diluent
mixture stream, which are in turn recycled for combination with fresh comonomer,
ethylene, hydrogen, and diluent, for introduction into the reactor. The moiten polymer

15 is subsequently strand chopped or pelletized, and, after being cooled in a water bath
or pelletizer, the solid pellets are collected. Table I}t describes the polymerization
conditions and the resultant polymer properties.
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15" cycle tinme, for a given crystallinity and- nelt index. In a
preferred enbodi nent of this aspect of the invention, the cooling tine,

and hence the cycle tine, is less, preferably 20 percent | peer—an:
preferably 50 percent |ess, than the cooling tinme neaptHiSoSHEET HASBEEN
way” under the sane conditions (that is, sane equi pnenf, saREPLAGED I ng
and endi ng tengeyabiseds, same 20 degree of cooling after M CREFHOIO08I80. T
for a single ethyl ene poI ynmer made of the sane nononers as conponent
(A), but having the sare crystallinity_and nelt index as the pol yrer
mxture in question. The cooling tinme SABLEMbo| ymer nixture may al so be
1ess, preferably 20 percent |ess, nore preferably 50 percent |ess, than the

cool i ng tine y €S Ex X
correspondi ng i npr venent in cycle 25 tine. he pol yrer
m xtures of this i [Etsydnediasiciaed ke (bsteped |1 nt 0 a |1 naaoshape aad t hen
crosslinked with khown crosslinking agents to fo¥m vul canjzed el agtoneric
products. The expr il sthylena feedate flbsrk| ast oneri c| pr#@dét sf amédsed herein
means pr oduct having a crasslinking density of at .|bast 5 pdrcent gel
as neasured via 30|FreshecteppfegdrateogBBddure A whi ¢h 485 ncpr pB&ft ed herein
by reference. Cr0S i | de s f L ﬁpoxy and
ot her known heat -a nts angl el €€troh bé%[ﬂ] dama- r ay

H Lf ko 1 I
and ot her known I‘_am b&E c& pﬁ“‘awtwepthﬁéaﬁ e s {14 1% n3 3§-F-e-= sl i nki ng
agent is a heat-acfivate ance exarpl e|la peroxi fde, “sul f dr,
etc.. then this agFFEsWhiydione ke (Sandare ' Jﬁ'qglilgg-p'resent
i nvention prior 36

Solvent and octene feed rate (Ibs/hr) 839.4 840

Ethylene conversion rate (wt percent) . 90.3 88.26

 Reactor temperatura (°C) 119.8 134.3

 Feed temperature (°C) 15 15.3

Catalyst concentration {ppm) : 70 70

Catalyst flow rate (lbs/hr) - 1.265 4.6

 Primary cocatalyst concentration (ppm) 2031 1998

‘Primary cocatalyst flow rate (bs/hr) 1.635 5.86

Primary cocatalyst to catalyst molar ratio 3.48 2.897

Secondary cocatalyst concentration (ppm) 198 198 S

Secondary cocatalyst fiow rate (Ibs/hr) 1.258 3.7 ‘

Secondary cocatalyst to calalyst molar ratio | 4.086 4.037 ¥

Product density (g/lcm®) 0.8925 0.9363

Product melt viscosity at 350°F (centipoise) 4,000 400

Polymer melt index (I, at 190 C) - 1,900* 14,000

 Polymer M, 8.900* 4,700°
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to the heating step (A) of the process of this Invention. If the

crosslinking-agent Is a radi ati on source, for exanple el ectron beam
t hen obviously the agent is not present until after form ng the nol ded
article according to step (B) of thiS invention. Sulfur as a

crosslinking agent Is used only with those olefinic polynmers capable of
being 5 crosswosgesni th sul fur, for exanple those contai ni n§CEUSPHE01180
functionality, such as . ethylene/propylene/dlene terpol ymer (EPOM). The
various crosalinkeir @h%g §| V\ﬁuon hast@nHé&ﬂb@d ﬂ%n&&eéﬂeﬁ%ﬁhﬂ@ﬁ#lﬂﬂew th
one another. One enbo nor e han one curin

used is that i npreeeding apqs»;ﬂc@mbeélm@ta. ltrﬁte@e@nﬁﬁspn@that thesrpempn@menwarer e of
step (A) as the t Oi
orosslinker to %ggg,oﬁg{gﬁ@m nd %%ﬁyﬁrﬁﬁéﬁog%gaﬁﬁgﬁéﬁoéigﬂwsgégﬁabgg i dual
per oxi de f pmlsl ig mffqnp w@om}eps@na\f@m the seirit and scape pfihe inyention.
crosslinking along with another crosal i nki ng agent, for exanple an
opxy, .electron beam etc. Sui t abl e heat-acti vated
crosslrindng agents include free radical initiators, preferably
organi c peroides, nOre preferably those with one hour half ives at 1
tenperatures greater than 120 C. Exanpl es of useful organic peroxides

i nclude 1, 1- di -t-butyl peroxy-3,3.5-tiinethyloycl ohexane. dicunyl
peroxi de. 2,5-dinethyl-2,5"i(t- butyl peroxy) hexane, t-butyl-cunyl
per oxi de, di-t-butyl peroxide, and 2,5-dinethyl - 2."-di-(t-buty

peroxy) hexyne. Dicunyl peroidde Is a preferred agent. Additional
t eachi ngs regardi ng organi c peroxide crosslinking agents are available in
t he 20 Handbook of ol ner Foans and Technoow, pp. 198-204, Edited by D

Kl enpner and K. C. Frisch, Hanser Publishers, Minich, Vienna, New York,
Bar cel ona (1991) : coagents, that is pronotors or coinitiators,
i nclude rmultifunctional vinyl nononers and polyners, triallyl

cyanurate and trinmehyl ol propane trinethacryl ate, divhyl 25 benzene,

acryl ates and noetacrylLates of polyols, allyl alcohol drlvatives, and | ow
nol ecul ar wei ght pol ybut adl ene. 4, Fornmed Article Proerties and
Uses At tenperatures above roomtenperature, the articles
made fromthe
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30 polynmer m xtures accor ding-—to-thepresent—i nvention exhibit inproved

properties both relative to a single ethylene polyner of equal

crystallinity and substanti allhigS Replaced np|t jndex (d 20 percent) ,
and i nprovenents greater than mt ed for the pol yrer
m Xtures underthe rule of m xt _ properties include higher

sof t eni ng poi mMyvowndewz | oad and | nproved hardness, toughness, | BOr/psI70e18p
modul us _ : 37

AVENDED SHEET 2629 -

PCT/ US97) 01180 1 of wii?v'?%{“?‘ﬁ?e domprisin
‘t enper at ures great er thafi)r oahieast oné hempgeneousiebranthed etiyler@pofmesihaiing s

tenperatures in excess of 50 QE:,Em- : ' ved
properties are achieved wi t h8U re'c?uﬁY'rrllt'r}%rac“%ggﬂon'l?;gﬁgig?hmm t hese

coﬁ‘pressi on set, particularly at

pol ymer mi xtures. AlthouBh t latleastpok ethylenaipriymerhaving\a drystallinitydh theleange t hey

5 have utg lity and certai nggﬂ'\c’f@tﬁaﬁfﬁ%m&wﬁ a?{eg%?(ﬁ&g&g&a@?@éﬁ ages of

t he non- crosslinked pr € ease 0 cessl
i n manuf acturi ng net hods, the crystallinity yaficampenent &) pravisied that ftr(a) when

bility

However, further inprovenentgoﬁ,goﬂehf:@\?hggg_ illﬁﬁy %19 algg{;%%l;%%éhgpugh

crosslinking the polynmer mxtures o his inventio eyon
As used | o herein, Ccrossli pricegfandadneltindexsessthanior equsltade dgfmini.al | y

crosslinking (crosslinked) agomponent (B)is a homogeneous polymer and (b) when the
10 crystallinity of component (B) is greater than 21.5 percent, |
component (B) is present in an amount less than 40 wt percent,
(2) the number average molecular weight of component (B) is
greater than or equal to the number average molecular weight
of polymer (A), (3) component (B) comprises at least one
15 interpolymer of ethylene with at least one comonomer seleéted
from the group consisting of vinyl esters of a saturated
carboxylic acid wherein the acid moiety has up to 4 carbon
atoms, unsaturated mono- or dicarboxylic acids of 3to 5
carbon atoms, a salt of the unsaturated acid, esters of the
20 unsaturated acid derived from an alcohol having 1 to 8 carbon
' atoms, and mixtures thereof, or (4) at least one of the ethylene
polymer components of the polymer mixture comprises an
ultra-low molecular weight ethylene polymer having a
crystallinity from O to 80 percent, a melt viscosity at 350°F up to
25 8200 cp and a molecular weight distribution from 1.5t0 2.5,
wherein the polymer mixture has an overali crystallinity in the range from 6 to
50 percent and when component (B) does not comprise interpolymer (B)(3)
and none of the ethylene polymer components of the polymer mixture
comprise the uitra-low molecular weight ethylene polymer, the polymer
30 mixture has a molecular weight distribution not greater than 3 when the
overall crystallinity is greater than or equal to 21.5 percent.

2. The polymer mixture of Claim 1 further comprising:
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wel'l ‘as fully crosslinking (crosslinked), —as—+eng as the crossl I nki ng

results in a gel which Ts verifiable via ASTM D2765
sone preferred enbodi nents, This SkeldmeB@oR m xt ures

density of at |east 20 percent ma ﬁ ﬁ‘ﬁf erably at |}

and even nore preferably at aH as 15 neast
D2765, Procedurveo $9126297 . preferred pol ymer mxturegcﬁ’é’éﬂf‘ﬂﬁ?
to the present invention have a sof t eni ng poi nt under | oad (defi ned

oY ehi B ot nger "o sl hrfioRE Sl fitnga eybBd phtier g e
and subst ant i alchystaiimity beamthe(cnzsmalm&ee@ﬁmmmnenMAbam @)@ﬂdtﬂ@"ﬂggﬁ eat er
than the 20 s % 35‘&1 es
based on the s%&sgrn“ﬂg“’mh% por n ttJHe *ifrﬁ?s%?@&ﬂe m%e(w dhﬁl(gi yt)riﬁéeérgt

conponents of {7lpereenkt ure wei ght- aver aged toget her based on the
rel ative wt .percent anopunts of each of those conponents in the
m xture.. Bl énds A through F according to this invention are shown

fulfill the first oB.theJbe pplymer mixture pticiainha whereinth FFMM%@DQM
blend Ais 25 jn gt@?%vs@l ﬁgﬂ%&b&&ég&h%&&?&aﬂn@f of AFRNBAGAR' ' ed

enbodi nents as ‘shown Preferab t he
pol ymer m xtures according to the present invention have a "soft eni ng

tenperature under |q@ad (ﬂrhé\lpaapﬂkmﬁcmaebrcenﬂame&ammemh AY is'd IehstloriTet er
of 1 mm of at least 3 C, noreé Eaeferably C, even nore preferably at

| east 10 C,1030 SiEPouhersintheSLEMBA% of t eni ng point predicted by the rule of
m xtures. In one preferred améhﬁbﬁd’hﬁ&?mtll 5583, pol ymer mi xtures accordi ng

L e e o MeldhuREaitt dsaRA i e B el ©
according to the present pbfweiibh Biromaidgriphy afdiéfinet by tmduahomder
38 (M /M ))<(l N )-4.63,

15 iii. a gas extrusion rheology such that the critical shear rate at
onset of surface melt fracture for the SLEP is at least 50 percent
greater than the critical shear rate at the onset of surface mel fracture
for a linear ethylene polymer, wherein the SLEP and the linear
ethylene polymer comprise the same comonomer or comonomers, the

20 linear ethylene polymer has an | - MM and density within ten percent
of the SLEP and wherein the respective critical shear rates of the
SLEP and the linear ethylene polymer are measured at the same meit
temperature using a gas extrusion rheometer, and |
iv. a single differential scanning calorimetry, DSC, melting peak

25 between -30 and 150 C.

5. The polymer mixture of Claim 4 wherein component (B) is at least one
SLEP wherein the SLEP has
i. a melt flow ratio, |, oll A >5.63,
30 ii. a molecular weight distribution, Mw/Mn, as determined by gel
permeation chromatography and defined by the equation:
(M /M )<( /1)-4.63,

ii. a gas extrusion rheology such that the critical shear rate at
onset of surface melt fracture for the SLEP is at least 50 percent
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WD 97126297
PCT[JUS9701180 | oad nore than 10 C greater than the_softeni ng point

predicted by the rule of ThszH%&XﬁHB&ﬁR]ﬁfd m.emﬁ?ﬂﬁﬁhﬁg JREN

i nproved el evated tenprature ﬂﬁwm i ncrease in

for a given Shore A hardness ymer m xtures

the present i Ryglyhayy have a ss of 45 at a tenpecpussmisogher
t han the tenperature of a simlar polymer of the same crystallinity
at a Shore A hardness ref er abl he an the

t enper ature predi cted bme'?’?m'ﬁécafﬁ' rraeattanﬁgbp{e?#;%mu&aep@ abl y,
the pol yner m xtures acderalinegr éthyléritcpaiyness cwlterein UsnNSLEM and the linB@ve a
tenperature at Shore A gg]r ness, of 45 at |east 3 C referabl at least 5

C, 10 even nore prefer ngpoy@ggfoqwsethm@mq a1¢r Pheers Stk e at

Shor e f\l har d Ees S dihedretliyiene dolymst hay %rplqll\l 6" afthdieriaily lﬁdﬂﬁn fse’lf&rcent

crystallinity or the te edj &t e e.rule o xtures.

The former s illustrat g’gﬁ'ﬁlﬁ”dﬂﬂg@%ﬁgk& rgepective 3‘"‘6&? SRRAT LA, {{t?&t bl ends

A, G and H according to&ﬁ@mﬂ@lmhﬁarﬂhﬁmpmummmamrwartbe same meit

har dness of 45 at a tenﬁgé%gtruge@ sé#'%te %fete? | ymer of the same
e P

density. 15 perc ress 100 percent

el ongation) is al so inpiwveda single ddlferentlal saanmagcalomnetcy, D$C, melting peaksent

i nvention, particularl Y @ ey@;rﬁp spc. Lenperatures. Thi s i nprovenent nmay
al so be rreasured relative o a stmlar polymer of the sane
crystallinoty or preferably relative to the 100 percent nodul us predicted
by the rule of m xtgresq, polymer

m xture 20 pr oductede accorg%%ﬁmgpﬁ"%gopgée'g’ﬁh%@?ﬁ#gaa{té&ﬁasur ed at 60
C. a rreasurablcamponentl(ﬁbamaU%%OUb bLERbBas The inprovenent is preferably
at least by a factor of j1.5, 3 meit fioWtafo, pr,pf,gragbly at least a factor of 2,
even nore preferably at Ieast by a fact of 26t relative to a simlar
pol ymer havi ng the sane iicr ys@anqleayar yletgb%@#ebla@nyMw@ﬂratais\ﬂetemlnsdby gel 100

percent mogul us predi ct edmHediBh clBfaloghdphf Bnd'tefindd 8§ the equation:
(M M )<(l 11)-4.63,
iii. a gas extrusion rheology such that the critical shear rate at
onset of surface melt fracture for the SLEP is at least 50 percent
greater than the critical shear rate at the onset of surface mett fracture
20 for a linear ethylene polymer, wherein the SLEP and the linear

ethylene polymer comprise the same comonomer or comonomers, the

linear ethylene polymer has an lz, M'IMn and density within ten percent

of the SLEP and wherein the respective critical shear rates of the

SLEP and the linear ethylene polymer are measured at the same meit ‘
25 temperature using a gas extrusion rheometer, and

v. a single differential scanning calorimetry, DSC, melting peak

between -30 and 150 C. '

7. The polymer mixture of any one of Claims 4-6, wherein the SLEP has
30 0.01 to 3 long chain branches/1000 carbons.

8. The polymer mixture of Claim 7, wherein the SLEP has up to 1 long
chain branch/1000 carbons.

[




257 In a preferred erbodiment;—the—160—percent nodul us of
el astlcity at 60 Cis at | east 120 pSI m)re preferably at |east 140

psi , At 60 C, toudhjssbeetH “ lacgdhy oved, pr
sanme factors and anmounts as H nt nodul us.
Conpr essi on set (ASTM D395- 85, orated here

30 is also i npwoexkesr el evated tenperatures. At 70 C, conpr eP&TBHYRY
i mproved by preferably at least 5 percent, nore preferably by at |east

10 percent. relativegto aThe  pol iy ke cﬁgk\gﬂﬁé of Cheiti39 - :;nﬁeréﬁ’x%m&onant A by
39

crystalllnlty, preferabl Ive to ression
tthe rul e of m xhas ess than 0 01 long chain branch/1000 carbons

WO 97/ 26297

PCT/ US97/ 01180 In a preferred enbodi nent, the pol yner

m xtures of this invadti ofheheahuner mixture of SiaimeafiSoyhesein c?@e@qngﬁ?)f@@'%rcent
mor e preferagl Y Qfﬂﬁ@c@n%f,&gm@}boﬁgc Further inprovenent nmay
be obtai ned by se ctl ng conponent (A) having a | ower M than the M

of conponent (B). This is illustrated by FIGURE 6, which shows that a 5

blend of a |low crystqyli nfﬁeyp&ym&trﬁiah+eadflah¥bf@sms Rid)WheRh 3t o2t bR BF
copol yner (SLEP 9) I gher c | i ni t}' substanti al | é I'i near

et hyl ene 1- oct afempenest (Ahor compqnent() is an mﬂe&\pﬁvmjfa etbyiene and at lsastiene or hat
is, higher M) Rfsin3elkd® fromINP§RES cortisiRg of 11prdpfene, 1-butene, 1-isobutylene, 1-

10 hexene, 4-methyl-1-pentene, 1-pentene, 1-heptene and 1-octene.

12,  The polymer mixture of Claim 11, wherein at least one of component
(A) or component (B) is a copolymer of ethylene and 1-pctene.

15 13.  The polymer mixture of any one of Claims 1-12, wherein at least one
component (A) or component (B) is a terpolymer of ethylene, propylene and a non-
conjugated diene. '

14.  The polymer mixture of Claim 13, wherein the non-conjugated diene is

20 selected from the group consisting of 1,4-hexadiene, dicyclopentadiene, 5-ethylidene-

2-norbornene, 5-methylene-2-norbomene, 7-methyl-1,6-octadiene, piperylene, and 4-
vinylicyclohexene.

15.  The polymer mixture of any one of Claims 1-14 wherein the number ‘

25 average molecular weight of component (B) is greater than or equal to the number
average molecular weight of component (A).

16.  The polymer mixture of Claim 1 wherein component (A) is an ethylene
propene or an ethylene butene or an ethylene hexene and component (B) is an
30 ethylene octene .

17.  The polymer mixture of any one of claims 1-16 further comprising an
oil.
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bl end of substanti al | y linear ethylene 1-octene copolyners in which the M
relatiohship’in the blend is reversed (SLEP 1/ SLEP 10). 10 Many

useful fabricated articles bpnashed HigBega Rdplacedol ymer mi xt ur psedisclosed
herein. The polynmer m xture o M““ T“Fn may find uti]THIS SHEET MAS BEEN
of applications includin ted to adhesi vps, nq:t d
profile extrusmm&,-, parts, bers, filnms, sporti SCTATS S EE
swinmng fins, etc., elastic bands g and el astic fibers such as for
maki ng di sposabl e ape etc goe soI such as 15. foaned shoe sol es,

| atex footwear, weafher s forgmn; amo ea ielercompagipg mol di ng
operations can be used t(/&) fohéatu@@‘pdlynﬁétbﬁmiﬂétdoﬂfﬁg'tsbﬁ§oﬁé oﬁgiéfn%‘f f°m the
conposi tions di scl osed herei 0 I ud| a var Itﬁgfs%ﬂ'@éﬁ%m I on

processes (for exanpl e, ?F&? SIREEPIS Ayt o goldings

Encvcl opedi a/ 89, M d CcBjoer injédfifi the polyhfes rfixturf mcwmﬁr

264- 268, OAntroduction to Injecti Randal Pa er and
on pp. 270 s271 "I njection Ml di n@*’ I\%ﬁdﬁiﬁ%#’es by M chael W
Green) and bl ow rl di ng (@) ocenwing(ffom thexmoi e, mélbed artlels ¢orinieqth Efép

Pl astics Encvl cored| a/ 89, Md Cctober 1988 Issue, Vol une 65, Nunbe 1 pp.
217- 218, 'Extrusion-Bl ow Ml dinga by Christopher Irwin), profile

extrusi on, cal andariBng, The procasa:bf;mattrr‘lasfunher(cbmpﬁsugmpl e, pipes).

Rot onol ded articles can nqyel comnpostions
descri bed herein. Rotomgﬁjl nag‘}?niﬁ'!mpcﬂ};gg Eﬁ"g ?Fteﬁgém to those

ski | | ed | niot havherein theccopling timkeperiodrof stepi(B1)ds attlénsteomﬁzeﬁﬂ' IesthintHgbdem

P65 O ) SRS b A Sk S

gb bers (for f e ethyiane polymep made Pb@pﬁMQnomeowmmrbem;momnﬁgqngﬁfﬂ%g ggg s)
usi ng, fopx at ent
g th@magagmw giPmBf i 65 B2 Hyier h& g%rg

U. S. Patent 63,220 at ent 566, or U. S. Patent
No. 4,322,027, and gel spun fibers (for exarrpl e, the system di scl osed

in US. Pasent No. g, 41%e$r%9éss&?@l£m1aor1§%§ﬁnﬁ%ﬁgmﬂf§§%gg%(fOr

exanpl e, spunl aced fabrics disclosed in 8) or

structures na(TB”P?ed?rP%W'ﬂa%\'@a(PﬁWFWMW’f or exanpl e,
40

21.  The process of any one of claims 18-20 wherein compbnent Ais
produced in a first reaction vessel, component (B) is produced in a second reaction
20 vessel operating simultaneously with the first reaction vessel and interconnected with
' the first reaction vessel such that component (A) is continuously mixed with
component (B) as components (A) and (B) are being produced.

22. A molded article obtainable by forming a bolymer mixture of any one of
25  Claims 1 to 17 into a shape and causing the shaped polymer mixture to become fixed R
in shape. :

23. The article of Claim 22 wherein the shaped polymer mixture has at
least two differential scanning calorimetry melting peaks and lacks a differential
30 scanning calorimetry peak above 115 C.

24, The article of Claim 22 or 23 wherein the shaped polymer mixture has
a softening point under load of at least about 80 C, a 100 percent modulus of
elasticity of at least 140 psi, a compression set of less than 80 percent at 70 C, an
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bl é[ld* Ofl these fibers with other fibers for exanple, PET or cotton)) can

al sg be' * made fromthe novel conposltl6qs glsclosed her ei n.

Filmand filmstructures parti Ghis She ab@ acF omthe novaT I HASBEEN
descri bed herein and can be nad i onal” hot bl &Emgi ErCED
fabrication s techniques or oth entation pro ' &
tenter franes ovOouR6EBI% e processes Convent i onal hBEVEFYMMSP| | m
processes are desm bed, _for exanpl e, in The Enicloyedl a of Chmical

Technol ogy, Ki r&e%l%alﬁnw iersg H@ﬂ 2 Sjﬁbrcent and a 'J:RQSI {Wdeﬁy ty‘%e%qnén 2plew York,

1981. vol. 16, pp. I axi a
orientation fil|Rereash@®lact uring process such as described in a 'double
bubble' 10 process a In U S. Patent 3.456.044 (Pahl ke) and the processes

described in U S Pat ent 4, 352,849 (Miell er U S. Patent 4,597,920
(olike), U.S. Patent254, adhe@icle of Claim 22128 \sherein the spaped polymermixiypyhas
(Warren), UsS. f&b@éﬁhkﬁe%o@&aeésﬁsbbmeﬁtgeal ), Us. Pat ent
4,927,708 (Herran et al. U S. Patent 4,952,451 (iueller), US. Pitent

4.963, 419 (Lustig et id. ) and U S. Patent 5,059,481 (Lustig et al.), can
al so be used 15 to nmake filmstructures fromte novel conpostions
described herein. The film structures can al so be nade as descri bed
in atenter-frame technique, such as that used for oriented

pol ypr opyl ene. O her nmulti-layer film manufacturing

techni ques for food packagi ng applications are described in Packagi ng
Foods Wth Plastics. by Wlner A Jenkins 20 and Janes P. Harrl ngton
(1991), pp. 19-27, and In ' Coextrusion Basics' by Thomas I. But |l er,
Fil m Extrusion Mam al : Process. Materials. Prooertles pp. 31-80 (published
by the TAPPI. Press (1992)). The filnms may be nonol ayer
or multilayer filns. The filmnmade fromthe
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novel conposthons can al so be ooextruded with the other layer(s) or the
filmcan be 25 |amnated onto another layer(s) In a secondary operation,

such as that described in Paokaoi na Foods WthPlgstics, by Winmer A
Jenkdns and Janes P. Harrington (1991) or that described In
"Coextrusion For Barrier Packaging' by WJ. Schrenk and C. A Finch

oci ety of Mateagobisdeeers RETEC  Prlceedins June 15-17 ( 1981)PCT/USIT/OLIZD
211-229. If a nonolayer filmls produced via tubular film(that Is, blown
film30 techniques) or fiat dle (that is, cast film ras described by KR
OCsbom and W A Jenkins in 'Plaste Fif #s® Tehenol ogy and Packagi ng
"Applications' (Technonilo Publ i'shingCo., Inc. (1992)s ;. reFe

then the filmmust go through an additional post-extrusion step of adheeive
or extrusion | anrnationto other gacka%ﬁ ng material layers to forma

mul til ayer > S 41

AVENDED SHEET < | W0.97/76p97 »

PCTI US97J01180 sie ctﬁf . Tt thg ilmis a coextrusion of two or nore
| ayers (al so descri bed@by OFbgr Jenkins), the filmmy still tie

| ami nated to additionali i
am nated to addi |onad ayg o ac%mg

FIG.|

Temperature (°C)

|
”25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

(0.6) }-
(0.8) |-

(02) |-
(04) |-

Probe Penetration (mm)
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material s, depending on the other physical requirenments of the final film
“Lam nations vs. Coextrusion" by D. Dunbleton (Converting Magazi ne
(Septenmber 5 1992), al so discusses |am nation versus coextrusion.

Monol ayer and coextruded films can al so go through other post
extrusion techniques, such as a biaxial orientation process

Extrusi on coati @@ 978629t anot her techni que for produci ng nul tlﬂc&?@"”?’i‘?%
structures using the novel conpositions described herein. The novel _
compositons 10 conprise at |least one layer of the fil'mstructure. Sinilar

to cast film “extrusion coating is ZI ag die technique. A sealant can
be extrusion coated onto a substrate either 1In the form of a nonol ayer
or a coextruded extrudate. Generally for a nultilayer film
structure, the novel conpostions described herein conprise at | east

one l.ayer of the togmal myytilayey [filuw srustuje. ®@her |ayers 15 of the
mul tilayer structure incledé¢ butoare #ot{ limtad tQ.RQarrier |ayers, an/or

tie |ayers, - an@ or sg ct uig ¥ | aferk. \_&rlous;’{ra erials can be used
a

for these layers, wgh s of m taeny beadgluse nore than one | ayer
in the same filmstructure. 'Sone of these materials include:&foil,
nyl on, ethyl ene/vinyl al cohol (EVOH) copol yners, pol yvi ny &he

chloride (PVDC), polyg¢thylene terephhalate (PET), oriented 20
pol ypropyl ene (OPP), &thyl enehinyl acetate (EVA) copol yners,

et hyl enel acrylic acid (EAA) copol yners, ethyl ene/ nethacrylf§c acid
(EMW) copol yners, LLIPE, HDPE, LDPE, nylon, graft adhesi \z | ymers
(for exanple, maleic gnhydride grafted pol yet hyl ene), and Baper.
General, the multilaygr filmstructures conprise from 2 to Ty} ayers.
25 The follow rjg exanples are illustrative g pac® i c
enbodi nents of this i nvention. o
EXAMPLES Mat ei al s The pol ynprs=i @ Tabl e |

bel ow were nmade via sqdlution proce
Tabl e | describes the Jproperti esg#
Il describes the conpdsitions

0 the agprofifi atcedatal yst.

HE varj g B i Jeld Tabl e
LIk /"I ds—AT1 and _t K eF.’

conparative blend. Thgq data g ei- 1-6
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PCT/-LUS97/ 01180 TABLE |
Pol ymer -Characterization Pol yer Mel t
| ndex Crystallinity ( Desi gnati on Pol ymer Type ' :
(gl 10m n.) percent) SLEP | Honog. / POE
1.0 WOL97/126297 SLEP 2 Honog. 1PCE PCT/US97/01180 5
8.6 SLEP 3 ) Honog. IPOP3 / 1 6 1.6 32.5
SLEP 4 . Honog. | PCE 1.0 - 21.5 ' SLEP 5
Honog. / POE 1.0 € 25.2 SLEP 6
Honog. / POP 1.0 8§ «8 '38.2 SLEP 7
Honog. / POP 1.0 “:j 2 ® 49.9 SLEP 8
Honog. / PCE 380X 2: 17. 8 SLEP 9
Honog. | PCE ° 3‘0'0_2 e 14.0 ~ SLEP 10
Honog. / POP 3?5_‘_;_),"‘6 5o 382

oY% e 0.

L+35 + hES +

gOE 5%

[o IS [~
g4 282
hqng D~

Wt% SLEP 3

FIG.3
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TABLE [4 ; Bl end ConRositlon
W percent of Conponents in Bl end Component A B C
D E | F G H C SLEP 1 50 67
78 ° 83 90 so SLEP 2 80
82 SLERw@ 926297 20 22 SLEP RCT/US97/01180
50 - - = = = - - SLEP 5
33 SLEP 6 - - 17 -- 50
5/16
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o o e
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SLEP 7 10 SLEP 8

SLEP 9 * ; 50

SLEP 10 50
LLDPE 1 18 Bl end
14.0 17.8 17.8 17.8 17.8 17.8 17.8 25.2 25.2 Ctystalinit
Enui oment and Wosasher es The pol ymer bl ends were pREFE§ENIBH a
Haake Torque Rheoneter using a m xi ng bowl having total capacity of
either 40 grans or 200 grans. The mixing was 10 carried out at 190 C at 60
rpm for about™ 6-m nutes. _Softe%% oi nt under | oad

determ nati ons were nmade using a Ther chani cal Anal yzer nmade by
Perl dn-El ner, nodel TMA-7, with a flat probe di aneter of 1.0 nm was
used. The sanples were nelt pressed at 190 C for 3 m nut es and then

air-cooled to roomtenperature. The sanpl es had thicknesses of
44

10

SLEP I/SLEP
——

SLEP 9/SLEP 6
—

Blend Density
Crystallinity

10:90
090
36.0

40:60
0.89
28.8

FIG.6

Blend Rati

70:30
0.88
21.5

100:1
0.87
14.0
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110
105 -
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WD*97/ 26297

PCr 1 US97/ 01180 about 3 mMmm A small circle of about 8 nm dianeter was
cut "and pl aced onto the sanpl e holder in the TMA. The sanples were
heated at a rate of 5 C/nmin from25 C onwar ds under a constant probe
force of i N Probe penetration as a function of t enperature was
measured. The tqg@paure at the probe penetration of 1 nm waSCBUSYZRIN as
t he softening point under |oad of the materials. SLEP/ SLEP and
SLEPI LLDPE bl ends exhi bi'ted hi gher softening point under - | oad and

| ower conpres3ion set at 70 C conpared t&k§ipg%e conponent SLEP resin

at equi val ent density. . FIGQURE’1 ows that an SLEP 21 SLEP 3

bl end according to the present io invention exhibits a higher softening
poi nt under | oad than a single SLEP having the same density, SLEP 1
(o0,.). The disparity in resistance to probe penetration is even

greater at one-tenth constant probe force as shown by the IcN plots.

FI GURE 2 shows that resistance to probe penetration is inproved at

el evated tenperature relative to a single polyner-of the sane density (SLEP
8) over 15 a w de range of conponent (A) to conponent (B) weight ratios

and density differences. In this illustration, the_opgynum
crystallinity difference is 18.5 percent gel illusfrlated by blend D
according to this invention. FI GURE 3 showg tihat the softening
poi nt under | oad of the SLEP 2/ SLEP 3 bl end accor/deng to the present
invention () is higher than the softening point under/28 || oad under the
rule of mixtures represented by the straight |ine coyreEati®n fromthe
softening point of SLEP 2 (60 C at O wt percent SLE 3)3t he softening
poi nt of SLEP 3 (95 C at 100 wt percent SLEP 3). o - The Shore

n of _the ASTM 2240
rocegufe was 25 wused to

bl en§ piBai nedgisi ng
: c
[ o

A hardness versus tenperature nethod is an extensi

Shore A nethod at roomtenperature. The fol | owi ng

obtain Shore A hardness versus tenper at uge dat a:
[~
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t he above m xing procedure was nelt pressed at 190 C and held at 190 C for
3 *m nutes. The sanple was renoved and i mmedi ately pl aced between two
pl at ens cool ed using water at roomtenperature. The sanpl es had
t hi ckness of about 125 mm A sanple piece of about 2' X 1.5" (5 cm X
3.8 cn) was obtained fromthe 30 plaque and the room tenperature hardness
was neasured. woenmee sanple piece was then placed on BCHRVPIIER ot e
in a forced air oven. The hardness of the sanples was obtai ned at
hi gher tenperatures in 5 Cincrenents from40 C onwards. The
tenperature at Shore A hardness of 45 apﬁynzigat ed the softening point

r

under | oad of these sanples. Each S har dness neasurenent is
based on the maxi num ' 45

WD 9726297

PCTJUS97/ 01180 . Shore A hardness shown on a hand hel d duroneter when
the duroneter is first pressed agai nst the sanple. FI GURE

4 shows that blends (A) and (G according to the present invention .
exhibit a Shore A hardness of 45 at a higher tenperature than the sgngl

(0]

polyner of 5 the sanme density, SLEP 1. It also shows that blend ( whi ch
is a blend of two honmopol yners, exhibits a Shore A ha ness;-;qfoé%‘gt a
hi gher tenperature than bl end (G, which is end o a ho.lggfé'n ous
pol ymer with a het erogeneous pol yner (LLDPE i ol 2REs
shows that blend (H) according to the present | ntion gxhi bite(g 5528
! L Bchui
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10 a Shore A hardness of 45 at a tenperature about 10 C hlgher t han SLEP
I haV|hg * the sane density and at a tenperature about 3 C higher than
conparative blend CG1 in which the M are reversed for the high and

| ow density polyners in a 50:50 bl end. Conpr essi on set testing
was carried out according to ASTM D395-85. The sanple to be tested was
nol ded into plwaeesszef 120 and 60 mm thi ckness and then x5 F&HERETOUSH
into disks having the required thickness (0.49 0.02 inch (1.2 0.05

cm) and diameter (1.14 0.01 inch (2.90 0.02 cm). The disks were stacked
and the original thickness, t, was 4 ed. The stack was then pl aced
on nylar in a conpr essi on deV|ce having a 318 inch (1 cm (to spacer
bar and subjected to conpression for 22 hours at 70 C by placing the
device in a circulating air oven. The 20 sanples were then renoved from

t he -conpression device and all owed to cool for 30 m nutes. The final

t hi ckness, t.. was then neasured. Conpressi on set was
cal cul at ed based on the equati on: Ca [(t -
tV-(tot) x 1 00 in which Co equal s conpression set expressed as
percentage of the original 25 deflection. FI GURE 6 shows
conpression set at 70 C data for five ratios of |ow density pol ynmer to
hi gh density polymer for two pairs of polyner conmponents. Th

combi nation of the |ow density, low M polymer with the higiied dens:ty,

hi gher M (SLEP 9/ SLEP 6) Ras a | ower cssien set atN70 GHt al|
bl end ratios than the 30 conbi SR TN which the M was gneater Tior the
| ow density polymer. Lower 'ureSS|on set nmeans bett e elastéi .
recovery. Bl ends mhlch nsist of the listed pollyner c ponent s
- having the sane or different nmeNy indices (nolecular wgitdhts) nd a
density of at least 0.01 glcc are prepared to determ n¢ f hi
| oadi ng of processing/ extender oil coulYy be
46 E§
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WO 97126297

PCT/U897/01180 incorporated in the mxture w thout .bl oomng (oil |oss
over tinme). The blend plus oil conposites are conpared to pure pol yner
plus oil conposites having the same final melt index and density of

t he pol yner phase. The bl end conposites are prepared in a small
scal e i nternal woioteszef Haake s System 90) and can be made vi A’C%{?Wmf@r nal
or continuous process that allows addition of nultiple ingredients
such as BanburyT" type m xers, single or twn screw ~°~ extruders, etc.

The bl ends can al so be prepared via ﬁuhtbﬁ}q éeactor configurations.

"The el evated tenperature performance of e bl ends can be enhanced by

i ncorporating copolyners nade with higher al pha-olefins (such as octene)
conpared 10 to copolyner blends that contain propylene as a conononer. The

speci fic exanple bel ow shows that bl ends of polyners with oil have

hi gher tensile strengths at anbi ent tenperature (23 C) and at el evated
tenperature (60 C) conpared to bl ends of propyl ene and oct ene

copol ymers and having sane final nelt index, density and oil content.
15 The applications for the softer polyners include extrusion and

i njection articles, FDA-conpliant packaging, wire and cabke

i nsul ation, autonotive application and footwear.
A polyol efin elastonmer, EGI OO having a nelt index of 1.0 g/
density of 0.87 gice is blended with a polyolefin plastgner,

le A
mn an@a 20
AFFI NI T§' PLI

880, having a nelt index of 1.0 g/I1 Onn and a dgnsity Jjof 0.90% gl cc
in a 53:47 ratio to give an overall nelt index of 1.0 ¢l in aQy a
density of 0.885 g/cc. The BLEND (labelled in GURE 7) conpg;ed to
a pure ENGAGEDm EGB003 (| abelled PURE in FIGURE 7) havirng a mel §Ji ndex
of 1.0 g/10m n and a density of (885 glcc. i ©
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25° The oil used is a United States Pharmacopoein (USP) white m neral
oi |, ’ Duopri nme' 200, supplied by Lyondell Petrochem calL :
The conpound is m xed on a Haake Torque Rheometer System 90 with a
Rheom x 3000 mi xi ng head and roller type bl ades. The tenperature is

controll ed at 100 C. The polyner is added to the m xer and run at 30
RPM for 5 m nutwes#sy 30 speed is increased to 50 RPMto adRCW¥se7/011B0 The
oil is added slowy to avoid | osing torque during mxing. After all
the oil is added, the m xer speed is reduced to 30 RPM- and m xed for 5
m nut es. : After renoving the con?ound fromthe m xer, a portion
of the sanple is conpr essi on mol'ded! iln{d & 125 ni | (0.32) plaque at
100 C using 133 kN force on a
47 WO 97126297 _
PCr/ US97/ 01180 7.6 cmx 17.8 cm (3 inch x 7 inch) sanple. The sanple
is pressed for 1 mnute with no pressure to preheat the sanple, then
for 2 mnutes at the specified force. The sanpl es are cooled at the
sane force in the cooling section of the press at 23 C for 2 m nut es.
5 Ol bloomng is determined by cutting the conpression nol ded
sanples into 2 each, 1. 5 inch x 3-inch (3.8 cm X 8 cn) plaques and
wei ghing the cigarette paper (to t he nearest 0.0001 g) before placing
t he paper between the plaques. The paper used _ -
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i s Bugler PremiumNo. | size, inported by Brown and WIIianmson Tobacco
Corp., 10 Louisville, Kentucky 40232. The paper is very
thin, so any excess oil that exudes to the surface will be absor bed by
the paper and a wei ght change wil|l be observed. The pl aque and paper
"sandwi ch" is allowed to equilibrate for 24 hours at standard | ab

conditions (73yGodfkshyi 5 50 percent relative humdity). PCT/US97/01180 The
paper is wei ghed after the first 24 hours to determne if the paper has
absorbed any oil. An increase in the weight of the cigarette paper by 2
percent or - greater constitutes a Iog f oil by bleeding. FIGURE 7
illustrates the inprovenent in 20 il dhlﬂ% and effect on Shore A
har dness. ExanDl e B This exanple relates to filled
systens which include polyner blend, oil and 25 talc. The conpounds are
- prepared in a BanburyTm GBR i nternal m xer. The capacity of the m xer
was 1573 cnB and the | oadi ng remai ned constant at 75 percent full
including all ingredients. Table Ill lists the formnulations of the

conmpounds tested.
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G airs
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Ful | 5 The rheol ogi cal characterization was nade in a
Rheonetric Dynam c Mechani cal Spectroneter RMS-800. The tests
were- run at 130 C over a frequency of 0.1 to 100 Hertz. The
frequency is equivalent to the apparent shear rate by using t he

Cox-Mertz rule. FIGURE 8 shows that the Bl end conmpound has a higher
viscosity due to the lower 12 of the blend (Cal cul ated Bl end 12=0. 6110
m n conpar ed 10 to an 12 =1 g/10 min in the single resin com&und).
The anbi ent tenperature stress-strain behavior of the single resin gisten1
conpared to the blend is shown in FIGJRE 9, The conpounds were neasgt ed
using an Instron Mddel 1123 universal tester. The rate was 2 inchesg@5 cn
per m nute and the sanple geonetry was simlar to ASTM D 4708
with a shorter (0.25
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=

15 . inch (0.63 cnm) guage |length FI GURE 10 shows the
ef fect of blending on the Shore A hardness of the conpound as a
function of tenperature. The bl ended conmpound retains its hardness

at higher tenperatures conpared to the single resin system This is an
exanpl e of the I nproved under | oad softening tenperature (ULST)
i n a polynmer bl ¢etbmedeth ol l 20 including filler for cowCTamye1gm.

- The dynam ¢ nodulus as a function of tenperature is shown in FIGURE 11
The bl end shows an increase in the tenperature at which the nodul us drops

of f - "significantly. The data in Table 1V bel ow
shows the level of oil that can be idbo?ﬁb/é!éd I n 25 t he bl end
depends on the nelt index of the polynmer conponents (Polynmer A and
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WO 97126297

PCT/ US97/ 01180 Polyner B) in the blend. Sanple 51319-26-3 showes oil

bl oom whil e the sane nelt i ndex and. cal cul ated overall density bl end
(51319-30-6) with the same | evel of Shel | f1 exT" 371 oil does not show
oil bloom This effect is not noticed until higher | evel of oil (70 phr
or greater) iS5 ypgosb970 the blends. 5 PCT/US97/01180

16/16
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any comonomer is randomly distributed within a given interpolymer molecule
and substantially all of the interpolymer molecules have the same
ethylene/comanomer ratio within that Interpalymer. Homageneous palymers
generally are characterizad as having a sing{e melting peak betwean -30C and
160C, as determined by differential scanning calorimetry (DSC). The single
meiting peak may be relatively broad, such as is the case when an sthylene
polymer having a crystallinity less than 38 percent is employed. The single
melting peak may be sharp, such as Is the case when an ethylene palymer
having a cryatallinity of at least 36 percant is employed.

Homageneous polymers will also typically have a molecular weight
distribution, M,/M,, less than or equal to 3 {(when the density of the interpolymer is
jess than about 0.980 g/ec) preferably less than or equal to 2.5.

In addition or In the altamative, the homegsneity of the palymers [s' typically
describad by the SCBDI (Shart Chain Branch Distribution Index) or COBI
(Compasttion Distribution Branch Index) and is defined as the weight percent of the
polymer molecules having a comonomer content within 50 percert of the median total
molar comonomer content. The SCBDI of a polymer is readily calculated from dats
obtained from techniques known in the art, such as, for example, temperatura rising
elution fractionation (abbreviated herein as “TREF") as described, for example, in
Wild et al, Journal of Polymer Science, Poly. Phys. Ed., Vol. 20, p. 441 (1882), in
U.S. Patent 4,798,081 (Hazlitt et al.), or in U.S. Patent 5,089,321 (Chum et al.) the

isclosurae-of-ail-of which-are-incorporated-herain-by-ralerence. The SCBDI or CDBI
for the homogeneous linear and for the substantially linear ethylene/a-olefin polymers
used in the present invention is praferably ghaater than 50 percent.

Hetet"ogenous polymers are ethylene/a-olefin intsrpolymers characterized as
having a linear backbone and a DSC melting curve having a distinct melting peak
greater than 115°C attributable to a high density fraction. Heterogeneous
interpolymers will typically have an M./M, greater than 3 (when the density of the
interpolymer is less than about 0;960 glec) and will typleally have 2 CDBI less than ar
equal to 50, indicating that such interpolymers are a mixture of molecules having -
differing comonomer contents and differing amounts of short chain branching.

The crystaliinity in reference to an ethylene polymer is a well known property
of ethylene potymers. Various techniques have been develaped to measure ethylene
polymer crystallinity.

7
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Effect O O Loadi na-And Ml eculiar Wi ght O The Bl end CorDonents
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o1 PYr 0 - . systems. U.S. Patent No. 4,937,289 to Ewen ef'8l. and U.S. Ba&ant Ne. 5,218)071 to
gg 0 95,0 _ L%éygg al. dlsclosegég lee oizrﬂgéllocene éa%glysif sgeh as t syste%%i'o

" 106 103 baged on hafniumgfer the preparatiog of homogegeous linear elliylen8paiglers. None

None Exces g WerombidnBous linsdVa@fyleRk SalytNeRSare typicaﬁmgfa%rizedmm%vmg 3 None
molecular weight distribution, My/Mp, of about 2, Commercially available examples
of homogenaous linear ethylens palymers include those sold by Mitsui Petrochemical

e _ Industries as Tafmer™ rasins and by Exxon Chemical Company as Exact™ resins.

The substantially linear ethylene polymers (SLEPs) are homogéﬁeous
15  polymers having long chain branching. They are disclosed in U.S. Patent Nos.
5272236and52782 Re-discloBuras A g-incorporated-harein-b
<rafaroncd. SLEPs which are available from The Dow Chemical Company as
polymers made by the lnslte“‘ Process and Catalyst Technology such as Affinity™
. polyclefin plastomers (POPs) and as Engage™ polyolefin elastomers (POEs).

20 Speciﬁd examples include polymer products designated EG 8100, EG 8150, PF
1140, CL 5003, PL 1880, SM 1300 and SM 8400, each of which is commercially
available fram The Dow Chemical Corporation. SLEPs can be prepared via the
solution, slurry, or gas phase, preferably solution phase, polymerization of ethylene
and one or hore optional a-clefin comonomers in the presence of a constrained

25 geometry catalyst, such as is disclosed in European Patent Application 416,815-A¢

~ ymcorporated-homin-by-weferancy. The constrained geametry cataiysts are described

in more detail later.

The term "substantially linear" means that, in dd‘rtion to the short chain
branches attributable to homogeneous comonomer incorporation, the ethylene
30 polymeris further characterized as having long chain branches in that the polymer
backbone is substituted with an average of 0.01 o 3 long chain branches/10060
carbons. Preferred substantially linear polymers for use in the invention are
substituted with from 0.01 long chain branch/1000 carbons to 1 long chain

10 -
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311 - 239 | pahf1000 carténéd and me Rrably from .54 long thai 719
719 ; 384 rong §ge mer Fifdrably from 4 long ehain £E3genrt000 41
300 790  carbong to 1 long chain branch/i00@(carbons. 319 197 271 :
343 262 T“'LHéﬁbham bré%&mg' (LcBYMesns 2 chain Ien%h of at 12&@0%@0,,52 2422

7240 8704

699 ©  62.1 a”‘éfsvg""h‘he ‘3@%“"““"%‘85“119"'5 ed Usipod*C muoleag magnsied wi t h ¢ he

auteatic tea st ucbsonamo®puctroguepy) Each long mambranchmfaeﬂeém&%oh rature
i st t d I | ysi

(TVBY . The cf f ocatpotion 38 mRMETRE P %grﬁnpsaeﬁgsas%m&%aaqma“a Ros

t he el evat ed t enpbiciai israttaghedf ormance of the conpound. Addition of 1o t he

filler had no effect f"%%f' %Hiué%ranﬁu%%) Q@d&%ﬁd%& MA of the

bi nary and ternar *% GURE 13
shows the stresspalymers Ry Beitg #dwmeﬁmmanee(WR&nspmmpyand ls

di fferent Corfpnownma@hgﬁmaﬁoﬂe&&wwmeaﬁ%v(m&&ng é»i]e il T o0m

tenperature. Fl GURE 14 he stress-strain behavior o
(with 15 oil) CER V41286 oP-ES0AFT)Hp @RIyt cont ai ned

t he octene copol shovved i mpr oved tenS| I e pr opertles FI GURE 15

shows the peak stress at a d e] evated tenperature
stress-strain anal ysiA$2pm@ gp"" matter, w"e"ﬁ% 'Mea”f'aw tig, SPRSYRRSPRY wi t h

dizfif er ent densi tganﬁetrd,ewrmlnbltﬂu lengtic of ey ghatrobranch in sx@ks btk GigR Admsand

T{ 3
STy 5 2 Belhn 5 B30 e BPR AR P Sl ek oy
t he ci gar ebnmohwﬂaandms aprethylene polyeetsoldcludiag ethylehditbdend lmstpmiytrhes

sanpl es, the targges oM, methods 2 b H&&Ebﬁdﬁ c‘ﬂfnrﬁé?@gr%%lecﬁeﬁg\ Do g@féand t he

observatlons made durl ng the &erl nment s owed to

equilibrate at t'ﬁ@'ﬂ‘%ﬁ?"&!‘m E’*ﬁt@'t(ﬁﬂ LALLSand get Fe’t“&ﬁ‘!"@ carpnatageaniibi ght
gain of the ci gaé&breemma@memmwﬁbmﬁe%rl(@pcimw)tmesarm%sa 25 t hat

e aper g e e Rl ol il S50 BE UGG RSHETave B0 £ °
weil documented in the literature. See, for example, Zimm, G.H. and Stockmayer,
W.H., J.Chem. Phys., 17,1301 {1949) and Rudin, A., Madermn Methods of Polymer
Charagterization, John Wiley & Sans, New York (1981) pp. 103-112/eth-of which-
-ara-incorporated by-refaranee’
25 A. Willem deGroot and P. Steve Chum, beth of The Dow Chemical Company,
) at tha October 4, 1994 conference of thie Federation of Analytical Chemistry and
i Spectroscopy Society (FACSS) in St. Louis, Missour, presented data demonstrating
that GPC-DV is a useful tachnique for quantifying the presence of long chain
branches in SLEPs. In particular, deGroot and Chum found that the level of long
30 chain branches in homogeneous SLEP samples measured using the Zimm-
Stockmayer equation comrelated well with the level of long chain branches measured
using C NMR.
~ Further, deGroot and Chum found that the presence of octens does not
change the hydradynamic volume af the polyethylene samples in solution and, as

1
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S321 - 2616 - IM, 0. 895ingirethyldaepgivmerteasian L MBI e eloksity w,wnt,n percent -
d . oi- e 895 BI ond +

15 Pern oi | N °”'VSLEP“§§%§’ &g""gﬁf‘é’g%"?&hea’m theg ggs

g/-Ce Straight Resin + 30 (&EP@nd the linear ethylene polymerare measured at the sameﬁ-ieh

53215- 26- 14 1IW 0. 883embeifiy qm, ot Y

i - 55215 odredud %%56'; cc Stxa|gﬁt Resin + 50

pencont N 3Y (& asingle dlfferemlal scanning calorlmqym DSC, melting peak betwaen -

53215. 26- I M. 0.87 3pcad BspEghd #1 + 50 pece .oil N N N N

Determination of the critical shear rate and critical shear stress in regards to
melt fracture as well as other rheology properties such as rheological processing
index (P1), s performed using a gas extrusion theometer (GER). The gas extrusion

10 rheameter is described by M. Shida, R.N. Shroff and L.V. Cancio in Polymer
Engineering Science, Vol. 17, No. 11, p. 770 {1877), and in "Rheometers for Molten
Plastics” by John Dealy,published by Van Nestrand Reinhold Co. (1982) on pp. 97-
QWMWWWMW GER
expeniments ares performed at a temperature of 180 C, at nitrogen pressures between
Is 25010 5500 psig using 2 0.0754 mm diameter, 20:1 L/D die with an entrance angle of
" 180°, For the SLEPs described herein, the P! is the apparent viscosity (in kpoise) of
a matearial measurad by GER at an apparent shear stress of 2.15 x 10 dyne/em?.
. The SLE_Ps for use In the invention includes ethylene interpolymers and have a Pt in
" the range of 0.01 kpoliss to 50 Kpoise, preferably 16 kpoise or lass. The SLEPs usad, .
20  herein have a Pl less fhan or equal to 70 parcent of the Pl of a linear ethylene
polymer (either a Ziegler pelymerized polymer or a linear uniformly branched polyrﬁer
as described by Elston in US Patent 3,846,992) having an I,, M,/M, and density, each
~ Within ten percent of the SLEPs.

-The rheologscal behavior of SLEPs can also be characterized by the Dow

25 Rheology Index (DRI), which expresses a polymer's “normalized relaxation time as
the result of long chain branching." (See, S. Lai and G.W. Knight ANTEC '3
Eroceedings, INSITE™ Technology Polyolefins (SLEP) - New Rules in the
Structure/Rheoclogy Relationship of Ethylene a-Oefin Copolymers, New Orleans, La,,

p-disclosura< shs-incarporated-hemsin-by-referenad). DRI values

30 range from O for polymers which do not have any measurable long chain branching
(for example, Tafmer™ products avallable from Mitsul Patrochemical Industries and
Exact™ preducts available from Exxon Chemical Company) to about 15 and are
independent of melt 'index. in general, for low to medium pressure ethyle'ne polymers
{particularty at lower densities) DRI provides improved corrslations to melt elasticity

13
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TABLE VI 10 o Conobonents of the Bl ends Listed

| iTable 3 : i ERe 3 :

Conponent s and high shear ﬂnwabill@ e to correiations of the sarg% ﬂ%’.‘gj%‘ﬂf@]ﬂe“ ﬂow

IM. 0.883 p/cc +aligh FpréhaSLERe useful in'this inyention, DRI is preferably at least 0., 3pd5- 26- 14
M. 0.87 15cc + éspetiallylatfeRbto. Heex most especially at least 0.8. DRI%3A b8 caAfinded from |

O SM. 0.863 glce
0.SM. 0.58 uc +
O SM. 0.863 grcc + 1.6M. 0.895 g/ ec

¥ 1. 6M.
?%9,““%'."5'15 &fec . « 53215-26-17

the blends are able to go tL y%a-}daﬁpabm-%%y&efore the oil

bl eeds out conpared to the sa
FI GURE 16 shows tWwhérea}is therchemeaisdstio selaxation time obithe anatpial gmixy_ibtherdra g Ns

andedensi ty ‘singl e pol yner conpound.

Shore A hardness agl&gw&:l%h%ﬂgeﬁ& e %rfbgwgéfg%d -@Q&\ﬁ{--%@%s g’g’%gﬁrfsoi-l i S

conmponents. This
added to the bl enequatfon, ¢hatisows

tion can be reduggd lWRg oil to the bl ends
I's invention andﬂsit"fl (12fd(ﬂ.f} £

pol ymer consu
according to

%

even when
t hat softness can be increased and

property is dis

chi eve ‘sufficient hardness at 20

el evat ed t enper at Which n is the power law index of the material, and n and y are the measured

A

15 -

30

viscosity and shear rate, respectively. Baseline determination of viscosity and shear
rate data are obtained using a Rheometric Mechanical Spectrometer (RMS-800)
under dynamic sweep mods from 0.1 to 100 radians/second at 160 C and 3 Gas
Extrusion Rheometer (GER) at extrusion pressures from 1,000 psi to 5,000 psi (6.89
to 34.5 MP3), which corresponds to shear stress from 0.086 to 0.43 MPa, using a
0.0754 mm dlameter, 20:1 L/D die at 190 .C. Specific materiat determinations ¢an be
perfarmed from 140 to 190 € as required to accommuodate melt index variations.

An apparent shear siress versus apparent shear rate piot is used to identify
the melt fracture phenomena and quantify the critical shear rate and critical shear
stress of ethylene polymers. According to Ramamurthy in the Jaurnal of Rheoiogy.,
30(2), 337-357, 1986 Ahe-disclocure-olwhich-is-incorporated-herein-by-refereney,

above a certain critical flow rate, the observed extrudate ireguiarities may be broadiy

classified into two main types: surface meit fracture and groas melt fracture.
Surface meit fracture occurs under apparently steady flow conditions and
ranges in detail from loss of specular film gloss to the more severe farm of
*"sharkskin." Herein, as determined using the above-described GER, the onset of
surface melt fracture (OSMF) is characterized at the beginning of losing extrudate
glass at which the surface roughness of the extrudate can only be detected by 40X
magnification. The critical shear rate at the onset of surface meit fracture for the
SLEPs Is at least 50 percent greater than the critical shear rate at the onset of
surface melt fracture of a linear ethylene polymer having essentially the same |, and

MM,

14
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Il lustratirve exanpl es how to make ultra-1 ow nol ecul a.wei ght et hyl ene
apol ymers aré provi ded OW. ' : '
52 - WO 97/ 26297
PCT# US97/ 01180 - Catal yst Preparation Part 1. Preparation of TiC,
(I'DM) 1 F - The apparatus (referred to as R-1) was set-up in the

TR TTeh. g Sie ot bl G0 B oo 82 e pAl S o, anc
stirrer conponentighdsosiy priyethylene (HDRR)dogneraly dpvingadenstty of stmak&:94tctb about
equi pped as fol | Quags ghdcl s kypicallPATRsHSHOlyPnalBf dinylete, 3Ad it BnesindfeltivdlFfal
branch chains reiative to the various linear copalymers\pf ethylene and an a-olefin,
5 HDPE is well known, commercially available in various grades, and may be used in
this invention.
' Linear copolymers of ethylene and at least one a-olefin of 3 to 12 carbon
atoms, preferably of 4 to 8 carbon atoms, are also well known and commercially
aveilable. As is well known in the art, the density of a linear ethylene/a-olefin
10  copelymer is a function of both the length of the a-olefin and the amount of sug-_-h
' monomer in the copolymer relative to the amount of ethylene, the greater the length
of the a-alefin and the greater the amount of a-olefin present, the lower the density of
- the copolymer. Linear low density polyethylene (LLDPE) is typically a copolymer of
ethylene and an c-olefin of 3 to 12 carbon atorhs. preferably 4 to 8.carhon atoms (for
15 example, 1-butene, 1-octene, etc.), that has sufficient a-clefin content to reduce the
density of the copolymer to that of LDPE. When the copolymer contains even more
a-olefin, the density will drap beiow about 0.91 gfcc and these copolymers are known
- asuftralow density polyethylene (ULDPE) or very low density polyethylene (VLDPE).
Thg densities of these linear polymers generally range fram about 0.87 to 0.91 g/cc.
20 . Both the materials made by the free radical catalysts and by the eoordination ‘
catalysts are well known in the art, as are their methads of praparation. |
Héterogeheous linsar ethylene polymers are available from The Dow Chemical
Company as Dowlax™ LLDPE and as Attane™ ULDPE resins. Heterogeneous
linear athylens polymers ¢an be prepared via the solution, slurry or gas phase
ey 25 polymerization of sthylena and one or more optional a-olefin comanomers in the
- presence of a Ziegler Natta catalyst, by processes such as are disclosed in U.S.
Patent No. 4,076,898 to Anderson et al, Avhich-is-incorporatad-herein-by-reference.
Preferably, heteraganecus sthylene polymers are typically characterized as having
molecular weight distributions, M,/M,, In the range of from 3.5 to 4.1, Relevant
30 discussions of both of thése classes of materials, and their methods of preparation
are found in U.S. Paient No. 4,950,541 and the patents to which It refers /il af which-

-are-incsrporated-herein-by-refersnce.
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-and t he buter necks h'a reflux condenser topped wt s inletloutlet, an.
inlet for- ‘sol venty” a thernocoupl e, and a stopper. y, deoxygenated '
di met hoxyet hane ( DVE) was added to the flask (approx. 5.2 1). In the
drybox, 300 g of TiCl3 was weighed 1o into an equalizing powder addition
funnel ; the funnel was capped, renoved fromthe drybox, and put on the

reaction kettle insabutylene, mm1%mm4mem1-mmm1ms Other OVver

bt 10,1 M4 €S Skl FhaliProlid BB M SRRRE B ()

Thi s process was tetﬁhomethylenapiaabmowddbuwa gd-béxadigoe i andmapnthérfds3, gi vi ng
a total of 625'g o+ B&a &@ﬁd%ﬁﬂo wth a stopper, and
the m xture heat eg’ to re I ux. &eig{:}%hgr cPlange é{%ﬁ%iom purple to pale

? 1elrjrgerelt-[1 ﬁren Xt#e sol i h%@i %5 &E%Q%hggtc{h?@%w&aﬁﬁlggﬂ@@r Oonhb'm““

decanted from  inthetpelymel mikurdsaf this iDvertidiviade $Matess thafi t10{000,Rnd using mepal e

bl l'i d. '
Thgea;galr atus (r & g@%ﬁe@?pgﬁﬁ@ﬁg%a’-@gﬂeéx (a%engﬁt%&lﬁ Cr %gg}ék‘ ‘*ng'bfa except
that flask size eiowgoseful emmmmmeaﬁmmybwsmnrsmmmmedsu rrer
in the cent g4 i%é‘ll}tﬁéﬁ %@s&rﬁﬁgﬁéﬁap M@Bégie'até?ﬂwaﬁ Enser topped

"W th nitrogen I n re outlet vacuu agent addrtion tube,

t her mocoupl e, ,.and st opper.s 7 L of toluene,
3.09 kg of 2.7 M -PW&dF'afeﬁq%?‘Ed'“%J%%ﬁs of ﬁ%‘“’ﬁ‘ﬁgﬂfﬂd&e% of
( Me4CsH) Si Me2NH- tettiglene Fhigmaisx {The altradow mhbnulgﬁg) ledebmmersare et her

mﬁ&

atd owed to boil %Lrabtgﬁﬁd% g@%@éggﬁﬁ?g@ Bﬁ&ta?éryé Sa Lé%ges t he

terrperature of the mXxture ha

precipitate Inss thARCE000; withiresitiacasitinsdessthan ahout 800heingresilyratained with ov er

30 mnutes and hqﬁéipraéessfmmékmb%sa?‘a@makweecMGué’nohpurs At the end of
this time, the heater was turned of and 2 30 L of DVE was added to the

hot, stirri ngLFﬁoI uti Onmé@ﬁﬂ“&ﬁ%k@%ﬁ%i HP Ehé’ @ﬁ?’?g’a“ 1o a'r'éo%nal

preC|p|tate e solution was a ure, ®t he
materi al was al | Gnddavesa mm%w@@mmaﬂwwmmemwmom t he

solid. An %} mﬁlmm%ga%nﬂma DB takunels iR sorRP Bases il the | N9 for
several m nutes, [ Ow n_P
53 range from 8!022 The ultra-low molecular weight polymers have a .-

polymer backbone which is optionally substituted with up to 3 long chain
20  branches per 1000 carbons. '

Further, the M, of the ultra-low molecular weight ethylene polymers is
related to the meltindex (1,). For the ultra-low molecular weight ethylene
. polymers of the invention, melt index is not measurad, but is calculated from
d viscosity correlations. The uitra-low molecular weight ethylene polymers are
25 charactarized by a calculated melt index (1,) at 180 C greater than 1000
dg/min., in some cases greater than 1300 dg/min., with these palymers having
calculated melt indices of at least 10,000 dg/ min. being easuly attained.

The uitra-low molecular waight ethylene polymers will typically have a dansity
of from 0.880 10 0.970 g/cc. The density employed is a function of the end use
30 contemplated. Forinstance, when the polymer is intended as a wax substltuta
densities greater than 0.910, preferably greater than 0.820, g/cc are appmpnate In
contrast, when the polymer is Intend_ed as the strength-imparting component
' 20
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»PCT/ US97/01180 ° - somids to settle, and decanting t t ol uene sol ution.
The [ (Me4C5) Si Me2N-t - Bul [MUpCI @2 was left in R-2 as an off-white
soki d. Part 3: Preparation of ' :

r (95- MeAC, ) Si Me2N-t - BulTi ( h4- 1. 3- oKent adi ene) The materials

in R1 and R 2 weomdustedrat & tahgieratubl/bf frérh 600 &t 280 G, qrefembly &om! 100 to PSIEdnidr €5
werfe approx. 5 L ] |§% ol - The contents of R-1 were
transferred to R—"E’g | #&%’r@%@?ﬁ%&bﬁo@oﬁﬁgt ed to the bottom val ve of
the 10 L fl ask and one of the head oPenin,s inthe 30 L flask. The
remai ni ng material i ninf@esperal, the ulmdowmsirsyias weisht efhvieneimeipinsaiseti iIDKE  The

m xt ure dar kened ' SRRt ) L, aut es,
Ton0 . of 1. 3. pEayierhiiuied ofuiiibrtion may 86 pRUMeAkee Binaulid 6 zicelull ©

di ene_.and 2. 60 kg of
added si mul taﬁeoﬁ%‘ﬁ?‘?'"ﬁ‘ﬂ@'%@(ﬁ’?ﬁﬂ?w tipnreartions. dhat if. fpacter prepsuresTending s k

during this addi froMRtrGsphérit 163500 BmakpHerdss Q/wgsmipr,qbgd for 2 hours, then
approx. 11 L of solvent was renpved under. vacuum Hexane was then added to

t he flask to a t®aspension, solutionS shitey, bas Piese/sli¢ statel powdsr gtllynnestioh @r
settle, and the Ligui i angther 30 L
gl ass kettle (R é‘hg%cégggﬁdpgﬂmay %%"é’?@ﬁg?& %%E'gcgﬁ{%@%s%&ﬂﬁ %?1 was
col | ected by addeengtraioedgasmedy Ratiysts tesarbed)inflbS. BaiemiNost 5:272,285and
allowing to tt ' ibed Below BA Sl : j pe ith the
first extr ac?‘?i nh'a?s'gf-%?@%k@%rvent I N 'é&-ggép\?\’/gt's%ﬁg@e@gicﬁn MY &Bum to
| eave a red/ bl ac Ralyner <e#m¥vmlv(tetmﬂua@9ﬂwl¢eﬁ) Q& Acivelefin) sy be employedcandThi s
nEkerl al was tragsdifbiy Rendliyed dhéd ReaRlysts are used in a gas phase polymerization

process. The support is preferably employed in an amount to provide a weight ratio

of catalyst (based on metal):support from 1:100,000 to 1:10, more'preferably from

18~ 1:60,000 to 1:20, and most preferably from 1:10,000to 1:30. In most polymerization
reactions the molar ratio of catalyst:polymerizable compounds employed ia from 10
%1 to 10°:1, more preferably from 101 to 1041,

Solution polymerization conditions utilize a solvent for the respective
components of the reaction. Preferred solvents include mineral oils and the various ‘
20  hydrocarbans which are liquid at reaction temperatures. llustrative examples of
useful sdlvat_ih include alkanes such as pentane, iso-pentane, hexane, heptane,
octane and nonane, as well as mixtures of alkanes including kerosene and Isopar
E™, available from Exxon Chemicals Inc.; cycloalkanes such as cyclopentane and
cyclohéxane; and aromatics such as benzene, toluene, xyienes, ethylbenzene and
25 ' diethylbenzene.

‘The solvant is present in an amount sufficient to prevent phase separation in
the reactor. As the salvent functions to absorb hest, less solvent leads to a less ‘
adlabatic reactor. The soivent:ethylene weight ratic is typically In the range from ‘
2.5!1 to 1211, beyond which point the catalyst efficiency suffers. The mast typical

30  solvent.ethylene weight ratio is in the range from 5:1 fo 10:1.
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stabilized with i jrothg inve rmyfplﬂhe}'}bbmblrsiabﬂl zer
(avail abl e oo ,Q(qu dei oni zed water (as
a catal yst Kill g%:ﬁf@ﬁgz‘;ﬁlﬁ M%Tﬁéélg{l%u ig%gﬁgﬁmﬁﬁaﬁw ngas wel |
~as any et hyl ene f apragqu'@ o sty polymehastisretakat or

ar'e conbi ned ignt @mmlﬁh(&em&aﬁﬁﬁﬁhﬂhb@ﬂw;merprodh&ﬁé&ﬂ#&ﬁ&ygr}%@a he dil uent

m xture, a m xture ,of Cl O saturat ed hydrocar bons 1 e, | SOPAR

E (aval | abl e frofr s W 231 is-Rne a5 merbhysrocarbons ditrolesene.
Msg;ix‘h’bﬁ%s lf dealrad saturated hydrocarbons such as ethane pan

PCT/ US97/ 01180 ProPane of 1 ed

and cocatal ysts a
into a single st pytane may, b%?sgzhﬁmﬁ Q?rg%n%f ﬁ'ﬁ‘&ﬂ%l ewie dhg eglefimmonarnes
reactor. The cat af ¥®ixtire ofiiifeerd petlefio manatniees rat tel ysat in whole or part as the
10 diluent, Most preferably the diluent comprises in at least major part the a-olefin

T T T s e l—a\\-llh\.\la_‘— ——— =l "JU . 1420 2 . +1‘£- ..’.-"d PAUDS— +319 8Y 2333‘*‘1‘65:#19

monomer ar monomers fo ke polymerized.

The polymerization may be carried out as a batchwise or a contlnuo'us
polymerization process, with continuous polymerization processes being :'équired for
the preparation of SLEPs. In & continuous process, ethylens, Gopolymer and

15 optionally solvent are continuausty supplied to the reaction zone and polymer product
is continuously removed thersfrom.

" The ultra-low molecular weight ethylene polymer may be prepared by the
-Solution, slurry, or gas phase polymerization of ethylene and any desired
comonomer(s), using a constrained geometry metal complex as the catalyst. The
20 constrained geometry catalyst is described in more detail later.

thylene! rated C ic A alt and Ester Interpolymers
Ethylene/unsatuarated carboxylic acid salt and ester interpolymers may be
used as component (A), (B) or (C) in this Invention, particutarly as component (B).

25  These are interpolymars of ethylene with at lsast one comonomer selected from the
group consisting of vinyl esters of a saturated carboxylic acid wherein the acid moisty
has up to 4 carbon atoms, unsaturated mono- or dicarboxylic acids of 3 to 5 carbon
atoms, a salt of the unsaturated acid, esters of the unsaturated acid derived from an
alcohol having 1 to 8 carbon atoms, and mixtures thereof. Terpolymers of ethylene

30 and thess comonomers are also suitable. lonomers, which are compistely or partially
neutraized copolymers of ethylene and the acids described above, are discussed in

more detail in U.S. Patent 3.264.2?2%%%&%, In

addition, terpolymers of ethylene/vinyl acetate/carbon monoxide or athylene/methyl

23
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forth ve, the primary .cocatal yst isO. .
Scientific as a 3

&L ri(pentakl uorophenyl) ane, -ravai | abl e from Boul

wt percent solution in | SOPAR-E m xed 5 hydr ocarbon, and the secondary
cocatalyst is trilsobutyl alum numnodified - nmet hyl al unoxane ( MVAO
Tynpe. 3A), avail able from Akzo Nobel Chemcal Inc. as a solution in

hépt ane having 2 %WBEQ% b - 15 ?Qélrgér{ | | ce
tine is allowed for 'the netnaﬁcongpéﬂ?'gﬂ%ugg%gw ys tot%m;‘@ggeﬁ ior to
i ntroduction i ntomMmanexigeramalsd beampleyedeact or. The reactor pressure is 10

hel d constant at about 475 psig. After -pol yneri zation, the reactor exit
streamis introduced into a separator where the nolten polynmer is

separated fromthe Thesthylene ta ynsaturpted sabewic comproer weisht el s praferably

unr eact ed hydr gge fromag®eb 18i40ien Vhore preferiiblf Fomeo0s10/t0 ABI150Y\EHdedingrel plethidbiy
recycled for conbi nath'srg%{vm'shig fresh conononer, et hyl ene, hydrogen, and
diluent, for intr &4 ofR*8 the reactor. The nolten polymer 15 is -
subsequent |y strand chuipmel ndexisfithest interdolyrmerd mayfrange fiven aigbut 0o tesbout15D,

UL DA e oo PRERME b hou'o i i SR s BB MR o ke
properti es. 10 dg/min. Physical properties, principally elongation, are known to decline to lower
| 10 levels when the ethylene copolymer melt index is above about 30 dg/min. |
Suitable ethylene/unsaturated carboxylic acid, sait and ester interpolymers
Include ethyleneiviny! acetate (EVA) including, but not limited to, the stabilized EVA
S described in U. S. Patent 5,006,955, #hieh-le-neerparatod-horain by-referercy;
: athylenefacrylic acld (EEA) and its ionomers; ethylene/methacrylic acid and its
15 ionomers; athyléne!methyl acrylate; ethylene/ethyl acrylate; ethylene/isobutyl
acrylate; sthylene/normal butyl acrylate; ethylene/isabutyl acrylate/methacrylic acid
andits ianoi'ners; ethylene/normal butyl acrytate/methacrylic acid and its ionomers;
ethylenefiscbutyl acrylate/acryiic acid and its lanomers; sthylene/normal buty!
acrylate/acryfic acid and its lonomers; ethylene/methyl methacrylate: ethylene/vinyl
20 acetate/methacrylic acid and its ionomers; ethylenelviny! acetate/acrylic acid andits =
iondmers: sthylenefvinyl acetate/carbon monoxide; ethylenae/methacrylate/carbion
monoxide; aethylene/normal butyl acrylate/carbon monoxide; ethylenefisobuty
acrylate/carison monoxide; ethylene/vinyl acetate/monoethyl maleats and
ethylene/methyl acrytate/monoethyl maleate. Particularly suitable copolymers are
_ 25 EVA; EEA; ethylene/methyl acrylate; ethylenefisobutyl acrylats; and ethylene/methyi
e : mathacryiéte capolyers and mixtures thereof. Cartain pfoperties,_such as tensiie
elorig_éﬁcm. are taught to be improved by certain combinations of these ethylene
interpolymers described in U. 8. Patent 4,379, 190, dshich-islacomaratad harein-by-
referange, The procedures for making these ethylene interpolymers are well kmown
30 ° inthe art and many are commercially available.

Constrained Ge Catajyst:
" Conetrained geometry metal complexes which are suitable for making
subatantigily finear ethylene polymers and ultra-low molecular weight polymers, and

24
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25 £ _ . TABLE VI |
fEX. - < EX 2- Ethyl.freshfeed rate (I bs/lr) . ' 140
140 I h . C34) Cc 3. sb) Total

eth‘yl enW &ed rate (1uir) - 6.172 148. 8

< - methods for their preparation, are disclosed in U.8. Application Serial No. 545,403,
filed July 3, 1890 (EP-A-416,818); U.S. Application Serial No. 702,475, filed May 20,
1891 (EP-A-514,828); as well as LIS-A-5,470,993, 5,874,698, 5,231,108, 5,055,438,
8,067,475, 5,006,887, 5,064,802, and §,132,380. in U, S Serial Number 720,041,

5 filed June 24, 1991, (EP-A-514,828) certain borane derwahves of the foregoing
constrained gecmetry catalysts are disclosed and a method for their preparation
taught and claimed. In US-A 5,453,410 combinations of cationic constrained
gaometry catalysts with an alumoxane were disclosed as suitable olefin

10

Y Examplary constrained geometry metal complexes In which titanitim s
present in the +4 oxidation state include but are not limitad to the following: =~ - (n-

15 - butylamido)dimethyl{n54etmmethylcyclopentadienyl)silaneﬁtanium (IV} dimethyl; (n-
butylamido)dimethyl(ns-tetramethylcyclopentadienyl)sﬂanetitanium (V) dibenzyl; (-
butylamidq)dimemyl(ns-mvamethylcyciopemadienyl)sllaneﬂtanium (IV) ditethyl; (t-
butylamido)dimethyl['q5—t_etramethylcyclopentadienyl)silaneﬁtanium (IV} dibenzyl;
(cyclodcdecylamido)dlmethyI(n5-tetramethylcydo-pentadienyl)si!anetitanium (V)

20 dibenzyl (2.4,6-trimethylanillda)dlmethyl(ns-tetrarneﬂ'wlcyclopentadienyl)siianeh
titanium (IV) dibenzyl; (1-adam'antylamido)dimethyl(ns-teh'ameﬂ'iylcyclapentadienyl)-
silanetitanium (IV) dibenzy}; (t-butylamido)dimemyl(n5-tetramethyicyclopentadienyl)-
silanetitanium (IV) dimethyl; (t-butylamldo)dimemyl(ns-tetramethiﬂcydupentadienyl)-
silanetitanium (IV) dibenzyt; (1 -adamant_ylamido)c_iimethyl(ns-tetramethylcyclopenta-

25  dienyli)silanetitanium (IV) dimethyl; (nuhutylamido)diisopropoxy(ns-tetramethylcyclo-
pentadienyl)silanetitanium (IV) dimethyl; (n-butylamido)diisopropoxy(n -tetramethyl-
cyclopentadienyl)silanetitaniui'n (V) dibenzyl; (cyclododecylamido)—diisopropoxy(ns-
tatramethylcyclopentadienyf)-siianetitanium (IV) dimethyl; (cyclododecylamido)-
diisopropoiy(qs-:etramethylcyciopentadienyl)—sitanetitanium- (V) dibenzyl; (2,4,6-

30 trimeﬂ'lylaniildo)diisapropoxy(n5—tetramethylcyclopentadlerlvl)silanetitanium (V)
dimethyl; (2,4.6-trimethytanllido)dﬂsopropoxy(q5-tetramethylcyclopentadienyl)-
silanetitanium (V) dibenzyi; (cyclododecyiamido)dimethoxy(n 5-tetramethyl-
cyclopentadienyl)silanefitanium (IV) dimethyl; (cyclododecylamido)dimethoxy(ns-

25
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Fresh oct ane fied rate . . ' 601. Tot al
®ctane | ead rat flbshnr ' 112 Total o=t ne*oncenvatton(wei glt
per cent) 11.4 3.8 Fresh hydroen eed rate (standard Cm m nm
MB5G | Bl Solvent and octane feed rate ybsir) 839.4 -

Et hyl ene conversion rate_(w percent) 90.38.2B _iit _npeatre (QO)
119. 8 134. 3 Feemetdgmmggg‘gﬁ-,q,a fared se

15.3 Catal yst the byu ﬁwd%lénomwnmeuct%nﬁﬁgﬁ al yet

snt
flow r at e ( | bsl hr ?ﬁe ma%)onﬁ gg n?lductedln EgB‘tab'e nonlntgffegng g?lmyadg@a%@%t
cancenti fi don ( ppfm -100 to 3606, lpreferably frohDTS to P00 Oﬁmvst@mmwﬁm‘ﬂwsﬁ ét 9\

| bsi h
1£ 6? Pr)- cocat W%WWWW% Wfdmedfmﬁawe”ﬁ’)@m zjry

coeat al ~yst cnonelowenbidati¢peate) Examples Sfduitable reducify Sgenficre il detalby Si T | ow
rate (I bahr)- o
' - alpains edntriai atmmun afd 2, sloyyofalie] mats grefaegat 4 3
4. 037 metals such as sodium/mercury amalgam and sodium/potassium alloy, sodium
naphthalenide, potasswm graphite, {ithium alkyls, ltthlum or potassium alkadienyls,
and Grignard reagenta

10 Suitable reaction media for the formation of the complexes include aliphatic
and aromatic hydro:_:émons, ethers, and cyclic ethers, particularly branched-chain
hydrocarbons such as isobutarie, butane, pentane, hexana, heptane, octane, and
= | mixtures thergof; cyclic and alicyclic hydrocarbons such as cyclohexane, “cyclo-
' heptane, methylcyclohexane, methyleyclohaptane, and mixtures thereof: aromatic
15 and hydrocarbyl-substituted aromatic compounds such as benzene, toluehe, and
xylene, C1.4 dialky! ethers, C{.4 dialkyl ether derivatives of (poly)alkylene glycois, °
and tetrahydrofuran. Mixtures of the foregoing are also suitable.

Suitable activating wwtalyéts and activating techniques have been praviously
taught with respect to differant metal complexes in the foflowing references: EP-A- . -
20 277,003, US-A-5,153,157, US-A-5,084,802, EP-A-468,851 (equivalent to U. S. Serial
No. 07/547,718), EP-A-520,732 (equivalent to U.S. Senlal No. (7/876,268), and EP-
A-520,732 (equivalent to U, S. Serlal Nos. 07/884,966 flled May 1, 1992) Ahe-

Suitable activating cocatalysts for use harein include perfluorinated

= 25 - tﬂ(aryl)boron compounds, and most especially tris(pentafluoro-phenyl)borane;
non;éol_ymerié. campatible, nuncqordinaﬁng, ion forming compounds (including the
use of such compounds under oxidizing conditions). especially the use of ammonium- |
, phosphonium-, oxonium-, carbonium-, silylium- or sulfonium- salts of compatible,
noncoordinating anions, and ferrocenium salts of compatible, nencoordinating anions.

30  Suitable activating techniques include the use of bulk slecirolysis. A combination of
the foregaing activating cocatalysts and techniques may be employed as well.

lllustrative, but not limiting, examples of boron compounds which may be used
as an activating cocatalyst in the preparation of the improved catalysts of this

20
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Product density Wcrn _ + 0.8925 9389 Produt nelt
#Vi scosity-at 35WF (V‘émoi S) 4,000 ~ 400 _f- 177
C(f'. s) CY.. 000) (o0.V~) Polymer nmelt indexc 1 at 190 C
1, 300 14,000 Po=yner M ' : 8. 900
4, 700' L | _ AVENDED
SHEET . The molar ratio of metal complex: activating cocatalyst employed preferabiy

ranges from 1:1000 1 2:1, more' preferably from 1:5 to 1.5:1, most preferably from
1:2 1o 1:1. In the preferred case in which a metal complex is activated by frispenta-
fluorophenylborane and triiscbutylaluminum madified methylalumoxane, the

5 titanium:baron:aluminum molar ratio Is typicallg} from 1:16:50 to 1..05:0.1, most
typically from about 1:3:5.

At all fimes, the individual ingredients ae well as the recovered catalyst
coinponents must be protectad from oxygen and maisture. Therefore, the catalyst
components and catalysts must be prepared and recavered in an oxygen and

10  moisture free atmosphers. Preferably, therefore, the reactions are performed in the
presence of an dry, inert gas such as, for example, nitrogen.

The catalysts may be utilized in combination with at least one additional
homageneous or heterogensous palymerization catalyst in separate reactors
~ cannectad in series or in paraliel to prepare the palymer blends according to the
15 present invention. An example of such a process is disclosed in WO 94/00500,
' equivalent to U. S, Serial Number 07/904,770, as well as USSN 08/10958, filed
January 29, 19934ke feachings-or-which-are-horol incorporatod-by-reforones
arapr

These catalyst compositions may be prepared as a homogeneous catalyst by -

20  addition of the requisite components to a solvent in which polymerization will be
carried out by solution polymerization procadures. The catalyst system may aiso be
prepared and employed as a hetercgeneous catalyst by adsorbing the requisite
components on a catalyst support material such as silica gel, alumina or other
suitable inorganic support material. When prepared in heterogeneous or supported

25 form, it is preferred to use silica as the support material. The heterbgeneous form of
the catalyst system Is employed in a slurry polymerization. As a practical limitation,
slusty polymerization takes place in liquid diluents in which the polymer product is
gsubstantially insoluble. Preferably, the diluent for slurry polymaerization is one or mare
hydrocarbons with less than 5 carbon atoms. |f desired, saturated hydrocarbons

30  such as ethane, propane or butane may be used in whole or part as the diluent

' Likewise the a-olefin monomer or a mixture of different o-olefin monomers may be
used in whole or part as the diluent. Most preferably the diluent comprises In at least
major part the a-clefin monomer or monomers to be polymerized,

Lamis)
<"
"
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» -PCT/ US97/ 01180 ’ Al t hough the invention has beefm™described in
consi derabl e detail through the preceding specific enbodinents, it is to be
under stood that these enbodi nents are for purposes of illustration only.

Mgy variations and nodifications can be made by one skilled in the art
W t hout depar ti “Qx:HuBP‘n&G&nﬁ) Hrh&nuﬂ&gg aihiier Ql{d 5 Qﬁ&a@ﬁ/ gﬂ}udgrnemployed
directly downstream of a intergolymerization process.
The mixtures of the invention can further be formed in-situ via the
interpolymerization of ethylene and the desir.ed a~olefin using a constrained
5 gecmefry catalyst in at laast one reactor and a constrained geometry catalyst or a
Ziagler-type catalyst In at least one other reactor. The reactors can be operated
sequentially or in parallel. An exemplary in-situ interpolymerization process is
disclosed in PCT Patent Application 94/01052, incorporated herein by reference.
Preferably, the present compositions are prepared using two reactors
10 operated in series orin p'arallel. or by in-reactor blending using two or more catalysts
in a single raactor or oo'mbinations of muitiple catalysts and 'multiple reactors. The
general principle of 'making polymer blends by in-reactor blending using two or more
catalysts in a single reactor or combinations of multiple catalysts and muitiple
reactors ls described in WO 93/13143, EP-A-619827, and USF 3,914,362 4aeh-o-
15 mmmw The present polyalefin campasitions can
be prepared by selecting appropriate catalyst and process conditions with a view to
the final composltion characteristics.
The polymer mixture of the invention can further be formed by isolating
component (A) fram a hetarogeneous ethylens polymer by fractionating the
20 hetsrogenebus ethylene polymer into specific polymer fractions with each fraction
having a narrow branching distribution, selacting the fractions appropriate to meet the
limitations specified for component (A), and blending tha sslected fraction in the
appropriate amauhts with a component (B). This method is obviously not as
economical as the In-sity polymerization described above, but can nonetheless be
25 used to obiain the polymer mixture of the invention.

' Additives, such as antioxidants (for example, hmdered phenolics, such as
Irganox™ 1010 or Irganox™ 1076 suppiied by Ciba Geigy and phosphatas (for
exampie, irgafcs™ 168 alsc supplied by Ciba Geigy, Sandostab PEPQ™ supplied by
Sandoz)), cling additives (for example, PIB), tackifiers, plasticizers, cila, peroxides

30 (such as for wire and cable coating applications), pigments, colorants and fillers may
also be included In the polymer mixture of the present invention or in films formed
from the. same. Although generally not required, films, coatings and molkdings formed
from the polymer mixture of the present invention may alse contain additives to
enhance antiblocking, mold release and coefficient of friction characteristics including,

"L:..: 3
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*  tothe heating step (A) of the process of this invention. tftl:le crosslinking agent is &
radiation source, for example electron beam, then obviously the agent is not present
until after forming the molded articie according to step (B) of this invention. Sulfur as
a crosslinking agent is used only with those clefinic polymers capabie of being

5 crosslinked with sulfur, for example those cantaining diene functionality, such as

* ethylene/propylene/diene terpolymer (EPDM). The various crasslinking agents can
be used alene or in cambination with one ancther. One embodiment in which more
than one curing agent may be used is that in which a peraxide is included in the
polymer mixture of step (A) as the free radical initiator to effect the grafting of the

10  crosslinker to the ethylene polymer. In this embodiment, sxcess or residual peroxide
from the grafting may be available for initiating crosslinking along with anothar
~ erasslinking agent, for example an epaxy, glectron beam, atc.
R Suitable heat-activated crosslinking agents include free radical initiators,
preferably organic peroxides, more preferably those with one hour hatf lives at
15 - temparatures greater than 120 C. Examples of useful organic peroxides include 1,1-
di-t-buty! paroxy-3,3,5-trimethylcyclohexane, dicurnyi peroxide, 2,5-dimethyl-2, 5-di(t-
butYi peroxy) hexane, t-butyl-cumyl peroxide, di-t-buty! peraxide, and 2,5-dimethyl-
2,5-di-(t-butyl paroxy) hexyné. Dicumnyl peroxide is a prafarred agént. Additional
teachings regarding organic peroxide crosslinking agerts are available in the o
20 Handbook of Polymer Foams and Technology, pp. 198-204, Edited by D. Klempner
and K.C. Frisch, Hanser Publishers, Munich, Vienna, New York, Barcelona (1991)y

coagents, that is promotors or co-initiators, inciude muitifunctional vinyl monomers
and polymers, triallyl cyanurate and trimethylolpropane trimethacrylats, divinyl
i 25 benzene, acrylates and methacrylates of polyols, allyt aicohol derivatives, and low
. malecular waight pelybutadiene. -

4. Formad Asticle Propertias and Useg
At temperatures above room temperature, the articles made from the

30 polymar mixtures according to the present invention 2xhibit improved properties bath
relative to a single ethylene polymer of equal crystallinity and substantially the same
meit index (+ 20 percent) , and improvements greater than would be expected for the
polymer mixtures under the rule of mixtures. Improved properties include higher
softening point under load and improved hardness, toughness, 100 percent modulus

37
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GLAI MVB. ' 1. A pol ymer .m xture conprigang: ==
* A) ‘at | east one hom)ﬁeousl y branched ethyl ene poly havi ng a
crystallinity in the range from0 to 50% and (B) at |east
on€’ et hyl ene polynmer having a crystallinity up to 80% which is

at- |l east 7% greater than the crystallinity of conponent (A) provided

that the nunber average-nol ecul ar wei ght of conponent (B) is greater

than or equal- t oPeRd® & dhese fiberg with giber for sxarpple PET ofcobo)y rarvaldede, . -
wherein the pol Y ffable bt the fovBIompBsitdng didclossd heirbigl | i nity in the range from
6 to - ]';:9% agﬂl \M}r%n co agﬁnt ﬁBa d&eﬂi not conprise at |east
one interpol ymer of  Fim andilm siructures pagicpiarty, $he noxel compesitiopsononer
sel ect eddf romt hmT@dmﬂhemﬁmsﬂchdnmg rl?]a‘de using&onventionarl]'ﬂbtm}ﬂwn&mﬁ Bliodiedton @
saturated carpoxyli i AT id noiet as. up 1o 4

carbon at om,Pun&*@Q%ggoWa&Pﬁ%ﬁigﬁ PR ° El}.gghgtgréarﬁ; of deidon
atons, a salt- of bukible preceases: Loevbrtional hatdaver Simgirodsasesians déserigdefbraci d
deri ved R 0202l O Na V4 0 n .. and

m xtur es t her eof TR Mone ‘ Ee T %ﬁ%&gbm@"'
conmponents of t héehpdMiskdr Same.diew ¥orsoi98ii wb 18npp. 416410 and vol. 18, pp.ri@1H1e

mol ecul ar wei ght giakiNdriematiddGH FhufaliitOoracdat ¥64Pdd deabived il Q‘Hogméﬁ bbie”
80% a nelt vi scosm% ah‘ 320 F up to 8 Oo%and a nmol ecul'ar werg ¥ '

di stribution'®rRPeEBaEH Y 5',’“?’??@-‘15%1%.5‘?3 tA9Adhe preceseendeserihiadin USi ght

Slih sti bution not zgataat@szmhanf&uw_m@sx ﬂ:am\ﬁsaldzoqemhﬁlu.s. rﬁa&dgt k.%z%ﬁat er
pota; ng; mixture @!Y"'a“%\|‘1§ﬂyi?ﬁﬁ‘é%§?ﬁa‘ﬁi‘§’%w&%§1 ﬁ?‘l‘? »%?ane%fﬁﬁ%%?&al-(.asi S
= Patent 4,927,708 (Herran et al.), U.S. Patent 4,962,451 (Mualler), U.S. Patent
4,963,419 (Lustig et al), and U.S. Patent 5,050,481 (Lustig et al.), can aiso be used
15 to make film structures from the novel compostions described hersin. The film
structures can also be made as described in a tenter-frams technique, such as that
used for oriented polypropylena. '
. Other multi-layer film manufacturing techniques for food packaging
applications are described in Packaaing Foods With Plastics, by Wilmer A. Jenkins
20  and James P, Hamington (1891), pp. 19-27, and in “Coextrusion Basics” by Thomas I.

Butier, Eilm Extrusion Manual: Process, Materials, Properties pp. 31-80 (published by
the TAPP|. Press (1992)).

~ The films may be manolayer or multilayer films. The film made from the
_ novel compostions can also be coextruded with the other layer(s) or the flim can be
e 25 laminated onto anather layer(s) in @ secondary operation, such as that described in
- Packaging Foods With Plastics, by Wilmer A. Jenkins and James P. Harrington
(1991) or that desoribed in "Coextrusion For Barrier Packaging' by W.J. Schrenk and
C.R. Finch, joty of Plasfjcs insers RET ings, June 15-17 (1981),
pp. 211-229. | a monolayer film is produced via tubular film (that is, blown film
30 techniques) or ftat die (that is, cast film) as described by K.R, Osbom and W.A.
Jenkins in “Plastic Films, Tehcnology and Packaging Applications” (Technemic
Publishing Co., Inc. (1992)Ahe-disclosurs-sfwhich-is-ircoproated-herein-by-
+oferancg then the film must go through an additional post-extrusion step of adhesive
or extrusion lamination to other paclaglng material layers to form a multilayer
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‘&t | east’ 1-0% _ ‘ 3. The pol ynmer im xture of.l aiml further
.conprising: 58
AVENDED SHEET (O at | east one honpbgeneously
branched et hyl ene pol ymer having a crystallinity between
{ he crystallinities of conponents (A) and (B) and . havi ng a
crystallinity which differs fromthe crystallinities of conponents
(A) and (B) by at |east 7% 4. MI yner nixture of Claim3
wherein the crystallinity of conponént (B) is at | east 30%
greater than the cfystarltinity of conponent (A). &x % b“gx.‘f'l'mf pol ymer
m xture of any onejof Clains 1 to 4 wherein congonent (A) is at
Ethylena fresh feed rats (Ibs/nr) } 140 140
Clep/tard -' (63.5) | Cudi)d
Total ethylena feed rate (Ibs/hr) 146—7 1483
%h& (bo3) | (co.s
Frash octene feed rate ( " 485 _ | 1247 |
_ howy (223 | (S.25>
[ Tatal octene feed rata (los/r) 112 329
ko/hé™) . Ge.2) 14,9
Total octene concanwation (weight percent) 114 3.36
| Fresh hydrogen feed rate (standard cmo/min) 5350 18100
Soivent and cctene f?e& rate (i ) 8394 840
_ g C3s) | B3g) |
St Efhylene conversion rﬂte( percent) 90.3 - 88.26:
"Reactor temperature (°C) 1198 1343
Ll’-‘elad tamperatura (°C) = 16 15.3
Catalyst concentration (ppm) R
[ Catalys: fiow rate (bsihr) 1.265 Y
: Ckg_éhl') Cd.ﬁ?) ‘(_&,_[_l_
Primary cocatalyst cancantration (ppm) 2031 1998
"l
Primary cocatalyst Tow rate (Ibslhr) 1.635 5.85
he ) 1w | (sce |
Primry co@talystmcala larratlo 348 | 2.897
' Secondary cocatalyst concentration (ppm) 198 148
[Secondary cacatalyst flow rate (Ibg/hr) 1258 37
Lka/hr | Lo 0.7)
= Seconcary cacatalyst 1o catalyst molar ratio 4.988 4037
Produoct density (giem™) 0.8925 0.9389
"Froguct mett viscosity at 350°F (ceptipoise) 4,000 360
&t 1270 (Pa-s) | (40000 | (o.,400)
Polymar meit index (i; at 196G C) ' 1.900‘_' 14,000
Polymer M, ' 900 | 4700
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10 I east orte. subst ‘I al | y i near et hyI ene poI ymer LEP") wherein the
SLEP: - . " has ' anmlt flowrati Il 112 > 5.63,

i, a nol ecul ar wei ght distri but i on, MM Mn, as determ ned by gel
perseati on chromat ogr aphy and defined by the ‘equati on:

(MIM):S(r102) 4-63, iii. a gas extrusion rheol ogy such that
the critical shear rate at onset. of surface nelt fracture
for-the SLEP is at | east 50 percent greater ‘than t he

critical shear rate at the onset of surface nmelt fracture for a |linear
et hyl ene pol yner, wherein the SLEP and twar et hyl ene pol yner 20
conpri se the sane eonbnomer or ‘conbnoner s* IMS | i near et hyl ene

pol yner has an 12, MAMh and density within ten percent of the SLEP
and wherein the respective critical shear rates of the SLEP and the

| i near et hyl ene1pol yAgolymer mixheacochpalsirigne sarre mel t terrperat ure
using a gas extrusion rheoneter, and 25 le differential
scanni ng cal ori ¥t r yat ipsst °ﬂ%‘ﬂﬁm?@fimlmﬁﬂéaﬁd ethylene polymer having 830 and

at least one siep Oy TR ihebaib R b S ad 30T o1 1 coTPOnen [ 1S
flow ratio, |1 (B)5. 6atleast one ethylene polymer havmg a crystallmlty up to 80% whichis 59
at least 7% greater than the crystallinity of component (A) provided
that the number average molecular weight of component (B) is greater
| L . than or equal to the number average molecular wéight of polymer (A),
* wherein the polymer mixture has an overall crystallinity in the ran'g'e.from 6to !
50% and when component (B) does not comprise at least one interpolymer of
- ethylene with at least one comonomer selected from the group consisting of
5 vinyl esters of a saturated carboxylic acid wherein the acid moiety has up to 4
carbon atoms, unsaturated mono- or dicarboxylic acids of 3 to 5 carbon
atoms, a salt of the unsaturated acid, esters of the unsaturated acid derived .
~ from an alcohol having 1to 8 carbon atoms, and mixtures thersof, and nane
of the ethylene polymer components of the polymer mixture comprise an
10 ultra-low molecular weight ethylene polymer having a crystallinity from 0 to
_ 80%, a melt viscosity at 350 F up to 8200 cp and a molecular weight
"J ' distribution from 1.5 to 2.5, the polymer mixtura has a molecular weight
distribution not greater than 3 when the overall crystallinity is greater than or
equal to 21.5%. |

15 .
2. The polymer mixture of Claim 1 wherein the crystallinity of component (B) is

at least 10%.

3. The polymer mixture of Claim 1 further comprising:

58 AMENDED SHEET
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R a nbl ecul ar weig di stribution, MV M, as deter d ﬁ,ysgg‘ggmasBeenReplaced
der neat i on chr onmat ogr ap and defined by the equation:

(M/M, /<l ,1)-4.63, _ ill. ~a gas extrusion rheol ogﬂ“ll‘ IIIMMHJ“I
thes critical shear rate at onset of 5 surf.ace

far: the SLEP is at |least 50 percent greater. than t he
critical shear (@fe @flebSieorRGh néduélﬁsﬁan&héa etﬁﬁéﬁefgsgmrhﬁvinyhear

et hyl ene pol yner,” wherein the SL and the |inear €eth pol yme

conprise the sane coﬁwmﬂmiw&emmnallhﬂ@slofmmpmm (A)eand (B) and

pal ynmer has an IV M hi rcent SLEP 10
“and wherein the respé%afﬁQg “gﬁfr}% 'E'ﬁf Wb (SlFeFﬁ@?%! %ﬂ@pqmp.pnents
l'inear ethylene. pol g@yind gﬁgégd;r%t the same nmelt tenperature

usi ng a gas extrusion rheoStBe)t%Sfe and i V. a single differenti al
scanni ng cal onrretry, DSC, nelting peak bet ween -30 and 150

C. 15 T | 3-wh t d
corponent $0)  The pofnel Tajkeafe of Hidiin®s whefeif e Entalloty Fieoyraneehi®)
et hyl ene pol ynegt e&m g‘?@éter than the c\%stb!tm{ty ogtcﬁr Frlgiot | OPt')l&)r atio, aSAO

>5. 63, b, mol ecul ar I ght
det erm ned by gel

5. The polymer mixture of any ane of Claims 1 to 4 wherein component (A) is at
_":J i0 least one substantially linear ethylene polymer (“SLEP") wherein the SLEP
has _ "

i a melt flow ratio, lel2 5.63,

-il. -~ amolecular weight distribution, Mw/Mn, as determined by gel
| permeation chromatography and defined by the equation:
15 O MMO<(L N )-4.63,

ili. a gas extrusion rheology such that the ctitical shear rate at onset of
surface melt fracture for the SLEP is at least 50 parcant greater than
the critical shear rate at the onset of surface melt fracture for a inear
ethylehe polymer, wherein the SLEP and the linear ethylene polymer

20 comprise the same comanomer or comonomars, the linear ethylene
polymer has an Iz, M /M and density within ten percent of the SLEP

&)

and wherain the respective critical shear rates of the SLEP and the
linear ethylene polymér are measured at the same meit temperature
using a gas extrusion rheometer, and

23 v. asingle differential scanning calorimetry, DSC, melting peak between -
30 and 150 C.

6. The polymer mixture of Claim 5 wherein component (B) is at Ieast ene SLEP

wherein the SLEP has

30 i a mett flow ratio, | o!l2 >5.63,

59
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that the crltlcal shear rate at . onset of

fracture for the SLEP is at | east 50 percent—greater than
the critical shear rate at the onset of surface nelt fracture for a Ilnear
25 S e a}@ﬁ isttib\RidH SR | jnear

et hyl ene pol ymgi tahiﬁb%@ﬁlapw i con{)ﬁ'm }tnﬁré san%tgﬁg]r?%ﬁﬁxgﬁlor
conmononers, the |inpameation shiromatography and defined bychg@iatigs an 12, MM

d densi i t hi - of d wher ei
fhe respective oriti cal shear rat cstBMASIafl 2B R ( ne e
| near et hyl engy pol Kicle GffefERARM R Huch iarBiEhY sHea7 R 4t Bher

usi ng a gas extru5|o
60 5 surface melt fracture for the SLEP is at least 50 percent greater than

the critical shear rate at the onset of surface melt fracture for a linear

20 Wt " perneagmon chromat ography and defined the equat i on:
a(MI1/Mn):€l'1lr,01a)-4.6 iii. a gas extru ’Tm eplaced -

ethylene polymer, wherein the SLEP and the linear ethylene polymer
comprise the same comonomer or comonbmers the linear ethylene
polymer has an I M lM and density within ten percent of the SLEP
10 and wherein the respective critical shear rates of the SLEP and the
linear ethylene pblymer are measured at the same melt temperature
~ using a gas exfrusion rheometer, and o
lv. - a single differential scanning calorimetry, DSC, meltmg peak between -
30 and 150 C.
15 |
7. The polymer mixture of claim 3 wherein component (A) and component (C)

are each at least one substantially linear ethylane pblymer ("SLEP") has

i. a melt flow ratio, | mIlz >5, 63

il. a molecular weight distribution, Mw/Mn, as determined by gel
20 | permeation chromatography and defined by the equation: |
' (M /M )<(l, A,)-4.63,
i.  agasextrusion rheology such that the critical shear rate at onset of
surface meit fracture for the SLEP is at least 50 percent gréater than
. the critical shear rate at the onset of surface mett fracture for a linear
‘25 ethylane polymer, wherein the SLEP and the linear ethylene polymer
comprise the same comonomaer or comonomers, the linear ethylene
polymer has an | - M IM and density within ten percent of the SLEP
and wherein the respective critical shear rates of the SLEP and the
_ linear ethylene polymer are measured at the same meit temperature
30 - using a gas extrusion rheometer, and _

60
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V. " asi ngle differegi al scanning calorimetry. OSC I ti Sf?e%?]lf n\qgeldced

%-30 and:150 C © 8¢ The polyner m xture of any o of

wherein the SLEP has 0.01 to 5 3 long chain branche

9. » The polymer mxture of Claim6;, wherein the SLEP has up

chain branch/ 1000 car bons. 10 10. The pol ymer mxture of any
ohe of Clains 14 wherein ¢ A), has ess thanOOl | ong
chai n branch/ 16’00 cd Mdﬂ*@rem?aq sﬁn&ingﬁ@%ﬂ%@% %ﬁﬁt‘ﬂ?em‘al ns
1-10, wherein at | eggtan@dseet. ' conponent (A) or conponent (B) is
an interpolynmer of ethylene and at |east 15 one a-olefin selected

fromthe group consisting of |-propylene, 1- butene | -

i sobut yl ene 11{B1exene 4- et hyf - 1- pent ene, grntene, - hept ene and 1-
oct ene. ® Polyraer ipEIWIRaT amy,aneref gﬁ"‘@ mwher HERhas 881 twone

of conponent (é)loqﬁjcﬁ&?branc es/FoHP ub%( B) is a copolyner of ethylene and

1- oct ene. yrrer of any one of Clains 1-12,

wherein at | east one corrponent (A) or conponent (B) is a

terpol yner of ethylene, propylene and a on- conj ugat ed di ene.

25 9, The polymer mixture of Claim 6, wherem the SLEP has up to 1 long chain
branch/1000 carbons.

10 10.  The polymer mixture of any one of Claims 1-4 wherein component {(A) has
less than 0.01 long chain branch/1000 carbons.

11. The polymer mixture of any of Claims 1-10, wherain at least one of
‘component (A) or component (B) is an interpolymer of ethylene and at least
15 one a-olefin selected from the group consisﬂng of 1-propylene, 1-butene, 1-
iscbutylene, 1-hexéne; 4-methyl-1-pentene, 1-pentene, 1-heptene and 1-
octense. |

12.  The polymer mixture of Claim 11, wherein at least one of component (A) or |
20 component (B) is a copolymer of ethylene and 1-octene.

alrar

13.  The polymer mixture of any ane of Claims 1-12, wherein at least one

i

component {(A) or component (B) Is a terpolymer of ethylene, propylene and a
non-conjugated diene.

25
14. The polymer mixture of Claim 13, wherein the non-coniugated diene is
selected from the group consisting of 1,4-hexadiene, dicyclopentadiene, 5-
ethylidené-z-norbornene, 5-methylene-2-norbornene, 7-methyl-1,6-actadiena,
piperylene, and 4-vinylcyclohexene.
30
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14:  The. pol yrfer ni xt uggmof O aim 13, wherein-the non-tq ugated diene is
el ected trom the grouﬁonsi sting of 1,4-hexadi ene, dityclopentadi ene, 5-
et hyl i dene- 2- nor bonene, 5- et hyl ene- 2- nor bonene, 7-nethyl -1, 6-oct adi ene,

pi peryl ene, and 4-vinyl cycl ohexene. 30 o
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~~ = ~~ ~M5.. - i A ta]- ' . Of . any
one of_q aie | MOPTATESZidure ofany ane of Clalte f oy whBHiTRe el IheESr
to conponent CRyomporiemt (A)xtorcomporfent (BBE:idthe cargeofibmB0: 50 to about 951%. The
pol ymer m xture of Claim 15 wherein the conbi ned weight of

conponents (A) and (B) is at |east 60 wei ght-percent of the conbi ned wei ght
of the pol S, T i [ w1 ri. ; r m xture of
Sty one”or T TS b MR of IS whoron tefdomsiRed ALHT

components (A) and (B) is at least 60 weight-percent of the combined weight

 ofthe polymers in the polymer mixture.
17. - The polymer mixture of any one of claims 1-16 further comprising an oil.

18. A process for making a molded article comprising:
g5 (A)  heating a polymer mixture according to any one of Claims 1.to 17to a
-temperature suitable for injection molding;
(B) injecting the polymer rhix"ture of step (A) into a mold to form
the molded article; and
(C) removing from the mold the moided article formed in steps (B).
10 |
19.  The process of Claim 18 further comprising:
~ (B1) cooling the polymer mixture of step (B),
wherein the cooling time period of step (B1) is at least 20 percent less than
the coaling tirﬁe period of step (B1) conducted under the same conditions
15 with a single ethylene polymer made of the same monomer companents as

component (A) having the same crystallinity and meit index as the polymer

mixture.

20. The process of Claim 18 or 19 wherain componant (A) of the polymer mixture
20 is a substantially linear sthylene polymer.

21.  The process of any one of claims 18-20 wherein companent (A) is produced
in a first reaction veséel, component (B) is produced in a second féaction
vessel operating simuitaneously with the first reaction vessel and _

25 intercannected with the first reaction vessel such that component (A) is
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18. Aiprecess for mak a nol ded article conprising: | (A
*heat i'ng’a~pol yner mixtdle according to any one of Clains lito 17 to a

tenperature suitable for injection nolding; _ (B) injecting the
pol¥mer m xture of step (A into a nold to form
the; nol ded article; and ' (© renoving fromthe nold the nol ded

article fornmedcomtinwoesly rolXed with comporiént (BYlas congmasmmto{A)Grid (B) boe beirigher
conpri si ng: (91) cooling the polymer mture of step (B),
wherein the coPf99¥§e8i me period of step (81) is at |east-20 percent |ess
t han the cooling tine period of step (Bl) conducted under the
sane conditions 15 - wth a single ethylene polyner nade of the sane

nononer c2ZponAmnsided article cbtainable by fponiagta pdlyrrer vihiRtiré bEasp6Re of
crystallinity SEQI n%!t index as the pol yner m xture. 20.
The pricess of C8IESHh teg17%inta 3 shape and cavsing s shaged olymer mixtyede ni xt ur e
20 Is a ' | |.hear ethyl ene polyner. 21. The
process of anyﬁ%%?‘%ﬁ&%ﬁy %‘%é% 20 wherein conmponent (A) is produced

in a first reaction vessel, conponent (B) is produced in a second reaction
vessel operating sinultaneously with the first reaction vessel and 25

i nt er conn@dt edThe aRidie ef Elain22 whenesinthe /shapad palytmer mixtushaoatieasttho | s
differentlal scanning calorimetry melting peaks and lacks a differential
10 scanning calorimetry peak above 115 C. o g

24.  The:article of Claim 22 or 23 wherein the shaped polymer mixture has:a, *
softening point under load of at least about 80 C, a 100% modulus of

elasticity of at least 140 psi, a compression set of less than 80% at 70 C, an
15 overall crystallinity less than 21.5% and a arosslink density less than 20% gel.

25. The article of Claim 22 or 23 wherein the shaped polymer mixture has a
crosslink density of at least 50% gel.

20
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continuously m xed with, conponent (B) as conponents (A) and (cEi are be| n
PACEMENT SHEET

pr oduced. 22 A nolded article obtainable by form ng

m xture of any one of 5 Clainms 1 to 17 into a shape and causing the
shaped polynmer mxture to becone fixed in shape. 23. -
The article of Caim22 wherein the shaped polynmer m xture has at |east two
differential scanning calorinetry nelting peaks and | acks a differential 10
scanni ng cal or{Cret raj lgas&kne bomegeneously branched zthylerghpolyeer havied& d ai m 22

or 23 wherein the %ﬁ&? f g point

under load of at le ﬁ%%é‘%&gﬂé&%@ﬂ ﬁﬁegaqf mcﬂonents (A) and (b?grgst icity

of at |east 140 pmhavmgworpsﬁﬂmitpwhinﬁdlﬁérslmthélerys&ommes Fcodpanents

overal | crystal Fini S 20 and a crosslink density |less than 20%
THaY and 7@ bV 3 east 7o,

gel . 22 or 23 wherein the shaped pol yner
m xturg has a crosslink densi ty of at |east 50% gel . 20
4, The polymer mixture of Claim 3 wherein the crystallinity of component (B) is

at least 30% greater than the crystallinity of component (A).

5. The polymer rnifcture of any one of Claims 1 to 4 wherein component (A) is at
10 least one substantially linear ethylene polymer (“SLEP") wherein the SLEP

has

i a melt flow ratio, | 1(’Ilz >5.63,

ii. a molecular weight distribution, Mwan as determined by gel
‘permeation chromatography and defined by the equation:

15 M M )<(l 112463,

iii. a gas extrusion rheology such that the critical shear rate at onset of
surface melt fracture for the SLEP is at least 50 percent greater than’
the critical shear rate at the onset of surface melt fracture for a linear
ethylene polymer; wherein the lSLEP and the linear ethylene polymer

20 : comprise the same ecomonomer or comonomers, the finear ethylene
polymer has an ,, M /M_and density within ten percent of the SLEP
and wherein the respective critical shear rates of the SLEP and the
linear ethylene polymer are meésured_at the same melt temperature
using a gas extrusion rheometer, and '

25 iv. . asingle differential scanning calorimetry. DSC, melting peak between

=30 and 150 C.

6. The polymer mixture of Claim 5 wherein component (B) is at least one SLEP

wherein the SLEP has
30 i. a melt flow ratxo. L/, >5.63, —
REPLACEMENT SHEETS SG
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a molecular weight distribution, Mw/Mn, as dete;'rnined by gel
permeation chrométography and defined by the equation:

_ (MW/M,,)S(' 1o/1)4-63, _
a gas extrusion rhéology such that the critical shear rate at onset of
surface melt fracture for the SLEP is at least 50 percent greater than
the critical sheér rate at the onset of surface melt fracture for a linear
ethylene polymer, wherein the SLEP and the linear ethylene polymer
c_:omprise the same comonomer or comonomers, the linear ethylene
polymer has an Iz, Mwan and density within ten percent of the SLEP
and wherein the respective critical shear rates of the SLEP and the
linear ethylene. polymer are measured at the same melt temperature
using a gas extrusion rheometer, and
a single differential scanning calorimetry, DSC, melting peak between

=30 and 150 C.

The polymer mixture of claim 3 wherein component (A) and component (C)
are each at least one substantially linear ethylene polymer (“SLEP") has

a melt flow ratio, | 1¢,Ilz >5.63,

~ a molecular weight distribution, Mw/Mn, as determined by gel

permeation chroméfograp'hy and defined by the equation:

(M M )<(1,/1.)-4.63,
a gas extrusion rheology such that the critical shear rate at onset of
surface melt fracture for the SLEP is af ‘least 50 percent greater than
the critical shear rate at the .onset of surface melt fracture for a linear
ethylene polymer, wherein the SLEP and the linear ethylene polymer
comprise the same comonomer or comonomers, the linear ethylene
polymerhasanl, M /M and density within ten percent of the SLEP
and wherein the respective critical shear rates of the SLEP and the
linear ethylene polymer are measured at the same melt temperature

using a gas extrusion rheometer, and

| T
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iv. é single differential scanning calorimetry, DSC, melting peak between
=30 and 150 C.

The polymer mixture of any one of Claims 5-7, wherein the SLEP has 0.01 to
3 long chain branches/1000 carbons.

The polymer mixture of Claim 6, wherein the SLEP has up to 1 long chain
branch/1000 carbons.

The polymer mixture of any one of Claims 1-4 wherein éomponent (A) has
less than 0.01 long chain branch/1000 carbons.

The polymer mixture of any of Claims 1-10, wherein at least one of
component (A) or component (B) is an interpolymer of ethylene and at least
one c-olefin selected from the group consisting of 1-propylene, 1-butene, 1-
isobutylene, 1-hexene, 4-methyl-1-pentene, 1-pentene, 1-heptene and 1-

octene.

The polymer mixture of Claim 11, wherein at least one of component (A) or
éomponent (B) is a copolymer of ethylene and 1-octene.

The polymer mixture. of anf one of Claims 1-12, wherein at least one

. component (A} or component (B) is a terpolymer of ethylene, propylene and a

non-conjugated diene.

The polymer mixture of Claim 13, wherein the non-conjugated diene is
selected from the group consisting of 1,4-hexadiene, dicyclopentadiene, §-
ethylidene-2-norbornene, 5-methylene-2-norbornene, 7-methyl-1,6-octadiene,

piperylene, and 4-vinylcyclohexene.
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(57) Abstract . Vv

Polymer mixtures are disclosed which comprise at least one homogeneously branched ethylene polymer (A) and at Jeast one ethylene
polymer (B) having a crystallinity which is at Jeast 7 percent greater than the crystallinity of polymer (A) with certain provisos. A process
for making a molded article using the disclosed polymer mixtures is disclosed as well as films, film layers, coatings and molded aticles
formed from those mixtures. These mixtures have several advantages over polymer compositions of the prior art, including i
properties at elevated temperatures such as improved softening point under load, improved hardness, improved toughness, improved 100
percent modulus of elasticity, improved compression sst, improved ability to prevent ofl bleed out at lower temperatures when the mixture
contains oil and reduced injection molding cycle time. The mixtures retain their performance advantages even when substantial amounts
of additives such as oi} and filler are incorporated into the mixture, The mixtures may also be cross-linked after they are formed into the
shape of an article to form vulcanized clastomeric products. The polymer mixtures have utility in a varicty of applications.




