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PCT/ US95/ 14840 " ™ EXTRUSI ON COVPGCSI TI ONS HAVI NG H GH DRAVWDOAN
AND SUBSTANTI ALLY REDUCED
NECK- | N Thi s invegFion pertains to pol yet hyl ene
extrusion conpositions. In particular, th 5 I nvention pertains to an

et hyl ene pol yner extrusion conposition having high drawdown and
substantially reduced neck-in. The invention also pertains to a nmethod of

maki ng the ethyl ene pol yner e ' ©Rfposi tion and a method for
maki ng an extrusion coated article, %ﬁ#éﬁ#lc ein the formof an

exgrusion profi | gand, ens%‘?bﬁ&ﬁ{:}é?ﬁglﬁ%ﬁ f s%‘“lce&hggﬁih_@m?%t'rid)ﬁm

It is known that 'ty po ene E) made i gh- pressure 10
pol yneri zation of ethylene with free-radical initiators as well as

het er ogeneous | i near | ow density pol yethylene (LLDPE) and ultra | ow
density poly%ﬁﬁﬁka@.@HhDEﬁhEﬁ§g@gby t he copol yneri zation of ethylene

and [err]-oléefins wth conventional Ziegler coordination (transition

metal ) cagal ysts atyyeOMtsSeiBdind@hRl 88 SFHIRR A Bohe piopgl ehercaxsinge; ahd
extrusion coat substrates such as paper board, to prepare extrusion

cast film for, afpplidepiaeRS cSHERi Ascotigpgsdbne dimpsastiand akh theogresent
packagi ng and to prepare extrusion profiles such as wire and cabl e

j acketing. HowBMeftion relaBéd hougmddRFpgepgl ahé }capdliviniers whteh |ientixed
extrusion processability and high extrusion drawdown rates, LDPE
extrusi on conpasi td aherhapkastuiti céeii alisas esilypanpglend tougheesde faor
thermoplastic resin composition having excellent flexibility,
10 transparency, resistance to whitening on bending, scratch
resistance and heat resistance, and to a thermoplastic resin
composition comprising such a propylene copolymer and a
thermoplastic resin.
BACKGROUND ART
15 Ethylene-propylene-non-conjugated diene copolymers (EPDM)
have good ozone resistance, weather resistance, heat—aging
resistance, chemical resistance, etc., since they have no double
bond in their backbones, and thus they are widely used in
crosslinking rubber applications or resin modifier applications.
20 In particular, in the resin modifier applications, it is known
to produce a thermoplastic resin having good tensile properties,
compression set and impact resistance by finely dispersing EPDM
in a resin matrix by a dynamic crosslinking method comprising
blending EPDM in the resin matrix, and kneading them with a
25 crosslinking agent to crosslink EPDM. Recently, the demand for
the use of polyolefin materials increases also in the fields where
soft vinyl chloride resins have been used. In such fields, the

higher performances are required with regard to flexibility, heat



many applications,, For extrusion coating and extrusion casting purposes,
ekforts to i nprove abuse properties by providing LDPE conpositions
havi ng hi gh nol ecular weights (that is, having nelt 20 index, I[err], |ess
t han about 2 g/ 10) are not effective since,such conpositions inevi tably

have too nuch melt strength to be sd%cessfully drawn down at high
| i nes speeds. Wi |l e LLDPE and ULDPE extrusi on
compositions offer inproved abuse resistance and toughness properties

and MDPE (”e@eléq‘s@%ﬂébtysef.)é%&tl YL ENEa R LS | SRafisRe M,O“%ogie%&— the

i nproved barrier resi st ance agal nst, or exa e an

per neation), ﬂdﬂ?ﬂiéf‘Heﬁéygélal§t£BHQ?¥%ﬂﬂE E@%ﬁsmﬁghnaetapﬁafgtféggﬁﬂﬂﬂé

drawn down at” hirgh take-o rates and they are kno

rel atively paiqu@xelusboB1Brofess@idddpertie The ultimte
extrusion dra\/\gom rate of ethylene [err]-ol ef|n interpolyners is

limted (at otherwrseddd PGl tE e FOShatdl P61 SREESS ) sBYekhaciNashanl @
melt flowinstability phenonena known as draw resonance rather than

bei ng |inst eddaystibstitieShatebi £BK FodUso £10vERy1 "EHilcH P S REcrvhkEes
occurs at higher line speeds and is typical for LDPE and ot her highly
branched hi ghnpties appeieahybrsehpekytis sostchimsl, chDér PX@Fekens have been

et hyl ene-acrylic acid (EAA) copol ynmers and et hyl ene vinyl acetate
(EVA) copol ymeesl. With such a background, Bhewer asepaopesed a traktrmspl gs it
occurs in LLDPE, ULDPE and other I|inear pol ymers such as high density

pol yet hyl ene nedDREFompok §prapyhariaagpodoifyesibi Lity) ngr&tspayprongssi ng
that involves rapid drawing or pulling of the nelt such as extrusion
coating, extmgshenical strength,wpegdsience to whitening, cold resistance,

PCT/ US95/ 14840
10 etc., which is prepared by blending a specific hydrogenated
conjugated diene-styrene copolymer with a thermoplastic resin
such as polypropylene (JP-A-6-57087, JP-A-6-271717, etc.), and
a thermoplastic resin composition having good flexibility,
transparency, mechanical strength, resistance to whitening and
15 cold resistance, which contains a crystalline polypropylene resin
and an ethylene-a—olefin copolymer as a softenmaterial consisting
of olefinic components (JP-A-7-102126, etc.)
The latter composition may be a material having the
properties relatively close to the required levels as a substitute
20 material for the soft vinyl chloride resins among olefinic
materials containing neither chlorine nor aromatic vinyl
compounds. However, this composition has a problem, that is, the
surface tackiness due to the ethylene-o-olefin copolymer, as
described in JP-A-8-301927, and has not been practically used.
25 To improve such tackiness, JP-A-8-301927 and JP-A-9-104720
proposed a method for crosslinking an ethylene-a-olefin copolymer

with electron beams or peroxide compounds. However, such a method

is not still satisfactory.



cast filmfabrication, profile extrusion and fine denier fiber spinning.

Al so, the onset or occurrence of draw resonance is unm st akabl e.

The patent teachings of Kurtz et al. in US Patent 4,339,507 and Lucchesi et
al. in US patent 4,486,377 describe draw resonance as a sustai ned
random and/ or periodic oscillation, 5 riation or pulsation of the

polymer nelt with respect to the velocity and cross-sectional area of

a nelt drawi ng process that occurs between the die and the take-off
positi on when the ?{(})lndar ._conditions. are fixed. i he die
and a fixed velocit tsﬁght 8&59%??teﬁbcs%st’i ot%l.e IBr%gvsve')ﬁ(E l}{g%gg%{;\%nkgéev%ccurs
when the draw ratio (that is, th I el oc 2 LV oegh Py ot-he
mel t ve‘?’%ﬁﬁotsf ?isptrgﬁ)ty; g%uésao%)tel#}?\é %@@%%ﬁ%?’?éﬁy%ﬁgﬁ&approxi'?/rgt ed

by di vi di ng tgf%ﬁ%%&Q%ﬁeggPlgﬁé%:% etf£§1aaj n%%%i”ﬁ'ét%?&ﬁk”ﬁﬁ%cl@ﬁé he

reci procal of Kness o I nst ant aneous at the die

exit) | exceeds, f RO IR 064 Gr0ES EERRL U o P BI0NAREE niat o bt

fl ow i nstabili nani as irregularities in the final

coating, fil ' i IBRS i @0k &f beys Prnduee 3w dally10-1902%5ey ] abl e
5 @;{;ﬁﬂﬁ% _P%%‘éﬁ f\ﬁaﬁ@&@&{ NS Prond y

t hi cknesses a I he speeds significantly exceed the speed of

onset, draw p.,.ayd/©SQABARER SASHIEAUS BFVEDr &1 ichapBRt t hbgaksmmic e sablt

shut down the entire glr aw ng or converting 15 process.
G ven the varj qus,fjifdn@ eBpesyaed haveé i aacisse tiakinessexhsthbepraeerical

di fferent extrusion equi pnent, relative resistance to draw resonance
is often expr iy teatysinf pgrtidgalr, the hdghwtempévatne damelerated
conventional 1inear "ethylene polymers, maxi num stable draw rati os have been

found to be lwpsstHdraimgl@ekt.al Thoyghlsudhaw rasinscomeasEridhatpe0 nbtaheve
needed for nost commercial 20 draw ng operations.
" Dr awdownip i ssuiefidieshthprepartbesrdfar she etsehingrml igadrigas ngdal Hislg &gat
pol yrer extrudate (web or filament) in the machine direction and
occasi onal | y fesiattdraregotiskyexampld,esstpmobile interior applications which
may encounter high-temperature environments.
SUMMARY OF THE INVENTION
In view of such prior arts, the present inventors have made
15 extensive study on propylene copolymers, and found that a material
comprising a novel propylene copolymer as a modifier has better
flexibility, transparency, resistance to whitening on bending and
scratch resistance than the conventional thermoplastic resin
compositions comprising EPDM as amodifier, and that the tackiness,
20 which is the problem under the specific application conditions
in the prior art, can be improved by the use of a novel propylene
copolymer.
One object of the present invention is to provide a novel
propylene copolymer which is mixed with a thermoplastic resin such
25 as polypropylene to provide a thermoplastic resin composition
having excellent flexibility, transparency, resistance to

whitening on bending, scratch resistance and heat resistance.

Another object of the present invention is to provide a novel



degree) also in the transverse direction. "Mel t
strength® which is also referred to in the relevant art as "nelt tension”
is 25 defined and quantified herein to nmean the stress or force (as
applied by a w nd-up drum equi pped with a strain cell) required to
draw a nol ten extrudate at sonme specified fate above its melting

point as it passes through the die of a standard plastoneter such as the
one described in ASTM D1238-E. Melt strength val ues, which are

reported h AR . _ ‘ . _

ot e saet TS i RSB oy 2o e

I nf erpolyners a i gh 30 . et hyl : ;

Eﬁ inC{easF v@?$gi?ﬁ: édtH§{§§§$%.1€:5 %Q%gﬁghyggﬁaﬁf?ﬁﬁ%rgggen| gl% nds
e nol ecul ar i ght _di.stri buti / e i ] |

Neck-i ne whi BT ST [\enSod By B Ut e Seke g ESqnepAbp LS EgIATE,

by surface t 3&5]&0;}@& of ggt 3—%‘%35@%{ nggp&eaw%éetﬂ 122 phesdhtf £hoBREion,

bet ween the die wi he "e h at "t he t aken- of

T

val ues (at cons?ant Bl n constant or decrease as t he
dr awdown r at “Ledst ARFD1HIY selected MHANHUR] grblipl Souslbtinguer Rt iber

conventional e ene polyners neck-in values increase as
- 2- having 2 to 20 carbon atoms except propylene, and a cyclic olefin,
wherein the total number of carbon atoms of the monomers except
the cyclic olefin is at least 7 (hereinafter referred to as the
‘10 first invention).
According to the second aspect of the present invention,
thereisprovideanadditiveforathermoplasticresincomposition,
'comprisihg the propylene copolymer of the first invention.
According to the third aspect of the present invention,
15 there is provided a thermoplastic resin composition comprising
the propylene copolymer of the firs invention and a thermoplastic
resin.
DETAILED DESCRIPTION OF THE INVENTION
The propylene copolymer of the present invention comprises
20 propylene, at least one olefin selected from the group consisting
of olefins having 2 to 20 carbon atoms except propylene, and a
cyclic olefin, and is characterized in that the total number of
carbon atoms of the monomers except the cyclic olefin is at least.
7.
25 Examples of the olefins having 2 to 20 carbon atoms except

propylene include an olefin of the formula [IV]:

CH,=CH
| [IV]
R,

L
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PCT/ US95/ 14840 nmol ecul ar wei ght decreases and/or as the nol ecul ar
wei ght distribution narrows. The neck-in val ues reported herein are
determined at a 1 ml| (0.025 mm nonol ayer extrusion coati ng wei ght

using a 3.5-inch (8.9 cm dianeter, 30:1 LPD Bl ack- Cl awson extrusion coat er
equi pped with a 30 inch (76.2 cm w de die deckled to 24 inches (61
cm) and having a 20-m | (0.51 nm) die gap and 50- 5 I b. (22.7 kg) Kraft
paper. . , “Take-off position® _|.s fl er et an
the contact posHeifeRe it 2 AEdFQFeRAtom oF ao%?ﬁSﬁ% %f%arjaggﬂfegrggjéﬂgé}t at
draws or pulls the l.ten extr t fromits initial thickness
instantaneouéh%ﬁxw%gPd¥bquFergggi§58$¥2al t hi ckness. The roller device can
be.a nip roll, rubhgr ral Ldn Toqleled nSOIAY NAdd @B8y1BRE eQfinellr
the |i ke construct g?efcrlgrﬁc ?g?m%}%srrﬁ?g%uér:r%toale %rn ?{}ﬁ)er W t hylo vari ous

surfaces such, as: Bl |80, oaLLE cahe STDOSSECed N ShRSiond, | 10hepbbAl, 0BR T

varyi ng degr eges ect the onset of draw resonance.

A vari ety gof %equ{gr' alnSRLHL] qﬂgeﬁaﬁe, heem qdic-apkpsedidde caadl esst # e deak- i n

and/ or esonance tendencies of ethylene [err]-olefin

i nt er pol ymer sy _ oy, ol drhiese -$Rh¥hiieBEnaS €1-hexad@id)rhepehabednandl -
others primarily relate to nodification of the properties of the ethylene
[err]- 15 = obefideddi&r ROhyHBIe&¥nd ONFENgo8enO) WiRr. ;bimhBranthed diliefting
branched hi gh pressure ethyl ene pol ymer such as, for exanple, |ow
density pol yeihyh ene.3-thaimaen -bi tufe Pas ené thy B48 @t dne ,ad-methylekanpl e
of equi pnent related attenpts to address neck-in and draw resonance.
Thonpson pefieats | [Tpssthydedohdaeye| np g2 4-ofr e thot yteremtlenest £66Rs i nto
the primary die at the edges of the primary web streamis descri bed
to reduceigneck-in aExhnwimd dé theorowbdnetgenbesl odefiinsin apich the total
An equi pnent nodification solution specific to retarding the onset of draw
resonance i s puavérded the Canbon adonsg of the DSTPHESFte X GBRLAS FYEAE CI8 Falttent
4,626,574 where | ocating a draw roller not nore than 6 inches (15.2
cnm) fromthe U$eaprimdsies’ dnsHode areputanefhpputene, propylene/l-hexene,

propylene/l-octene, propylene/l-butene/l-hexene, propylene/1-

butene/l-octene, propylene/l-butene/l-hexene/l-octene,

15 propylene/l-butene/ethylene, propylene/l-hexene/ethylene,
propylene/l-octene/ethylene, propylene/l-butene/1-
hexene/ethylene, propylene/l-butene/l-octene/ethylene,
propylene/l-butene/l-hexene/l-octene/ethylene, and the like.

The cyclic olefin to be used in the propylene copolymer of

20 the present invention is a cyclic compound having at least one
ring with at least 4 carbon atoms, and at least one double bond
in the molecule, which may optiocnally be substituted with various
substituents. A specific example of such a cyclic olefin is a

compound of the formula [V] or [VI]:



and reduced draw resonance. Luchessi et al. in US Patent 4,486,377, teaches

the use of a fluid medi um for exanple, nitrogen, carbon nonoxi de or
air, directed against the nolten web prior to 25 the take-off position as
a viable nethod of retarding draw resonancg. Simlarly, Kurtz et al. in

US Patent 4, 608, 221 di scl oses that draw resonance can be mtigated by the

utilization of a tensioning device with a friction free surface in a
“rapid cooling zone" between the die and the t ake-of f position.

ment nodification exanple for alleviating or 30
ing in US Patent 4,859, 379 di sdoses radi ant
we rior to a ch|II roll take-off position.

Conversely, as anot@gr eq
reduci ng draw reson

heating of the | t

Exanpl es of m) e(f yﬁ: ’fe r]-olefin i nt g ol yner corrposi tions
exhi biting r\ C d‘éir V\? rkwnanﬁ; i ncl ude l Pat e , 378, 451

( Edwar ds) whic n g e:g;1 ‘g h—Rjpw rlaY & |t| based on
degr aded propyl Wepnded with | ow dgi"n5| ty pol yethylene. A 35

by kman et al. in US Patent 3,247,290
raded (visbroken) high density polyethylene is
yet hyl ene to

simlar exanple %ro
wherein thermal ly

bl ended with | ow dem ty
-3-
Rm

L z_l \-C14—C15 [vi]

wherein n, m and 1 are each an integer of 0 or larger; C, to C;

are carbon atoms, and C, and C, forms a polymerizable double bond;
R, to R,; and R, to R;; represent independently each other a hydrogen
atom, a halogen atom, a hydroxyl group, an amino group or an organic
5 group having 1 to 20 carbon atoms; C; and Cg, and C; and Cy; in the
formula [V] may be bonded through (C,), and (Cy),, respectively;
R, and R,;, and R;, and R;, may form a ring through a residue of the
formula [VII]; the compound of the formula [VI] has a cyclic
structure with R,; being the residue of the formula [VII], provided
10 that m and 1 in the formula [VII] are selected from integers of
0 or larger so that the number of carbon atoms in the cyclic olefin
is at least 4.
Specific examples of the organic group having 1 to 20 carbon
atoms, which is one of the substituents, include alkyl groups such
15 as a methyl group, an ethyl group, a propyl group, a butyl group,
a hexyl group, an octyl group, a dodecyl group, etc; aryl groups
such as a phenyl group, a tolyl group, a naphthyl group, etc.;
aralkyl groups such as a benzyl group, a phenethyl group, etc.;

alkylidene groups such as a methylidene group, an ethylidene group,



prepare high drawdown extrusi on coating conpositions. Another ethylene
[err]-olefin interpolymer blend exanpl e involving | ow density

pol yet hyl ene is disclosed by Kurtz et al. in US Patent 4,339,507 where high
pressure LDPE at 20 to 98 wei ght percent in conbination with a

het er ogeneous conventional LLDPE is 7taught to provide extrusion
coating conpositions with inproved running rates. 5

EP 0 601 495 A2 discloses a blend conposition for extruded forns that has

| o {rmper at G671 PRIV GFHBERURLAS QA Bhous: oh afifl GEHS BRE

o 'a LLDPE hakkegy Beoubs (Rack e Dasiariree ouen 30 s8Ry S IR n
o oper 11 oo 's A 18 aORERES1 PR (5 & BPeBorY;ER0 Syt A5V FENER, SuFh ooy
10 gram Thi® aPseratu corelr 4Rds YIRS S P Pl arr 8P 2

general | y.teaches bl ' | ar 25 88p C 0BPONEN 1Bk ANd
does not QddF§$ oxgcgggbﬁganéégwghf%?for I roveg%?zgfst%ﬁce to dré& ¥
resonance. t RN VB ; abst {aed 11 AGe®sEientha.
85- 130999/ 22,gr(§>|u§>gl (s)lélgs1 %S 80 ?g?hﬁce)ﬁ%[&r econpg%sti on fo}f\ extrusion

coating cont aiyni ggﬁoﬁﬁgié&ﬁ:‘h a@lyr@ri&rmfyhisgmymrw,e ol yeshy | wne abodean
ri |

ion- 15 poly ed ethylene/[err]-olefin copolymer. The high pressure

pol yet hyl ene ongrt,1hasd as PRl kvl nEgeupef adbart of theasydroderg/atonisnates
and a Merr]/ q@??] gf at | east %.0. The abstract teaches that the greater

the MV M of $heh are subé@htpreswite pohybsden eitom,t hehydrexybrgoirai AN
branchi ng which increases nelt elasticity and reduces neck- inin

ext rusi onpcoafdite gBblb) adn taxyEPgR060E, 485cahoxyli grabp: r awtaligsiegaonp,
teaches blending with large anounts of LDPE (i.e., 20-50 wt.% and
does not addrgsslaxogyspebbhiyt geowps eave |y Taxy e, i Apr opEionally
resi stance to draw resonance during extrusion coating or casting.
substituted silyl group, an alkylamino group or a cyano group.
Specific examples of the cyclic olefin of the formula (V]
include norbornene, 5-methylnorbornene, 5-ethylnorbornene, 5-

15 propylnorbornene, 5,6-dimethylnorbornene, l-methylnorbornene,
7-methylnorbornene, 5,5,6-trimethylnorbornene, 5-
phenylnorbornene, 5-benzylnorbornene, 5-ethylidenenorbornene,
5-vinylnorbornene, 1,4,5,8-dimethano-1,2, 3, 4,4a,5,8,8a-
octahydronaphthalene, 2-methyl-1,4,5,8-dimethano—

20 1,2,3,4,4a,5,8,8a-octahydronaphthalene, 2-ethyl-1,4,5, 8-
dimethano-1,2, 3,4, 4a, 5, 8, 8a-octahydronaphthalene, 2,3-
dimethyl-1, 4,5, 8-dimethano-1,2, 3,4, 4a, 5,8, 8a-
octahydronaphthalene, 2-hexyl-1,4,5,8-dimethano-
1,2,3,4,4a,5,8,8a-octahydronaphthalene, 2-etylidene-1,4,5, 8-

95 dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene, 2-fluoro-
1,4,5,8—dimethano—l,2,3,4,4a,5,8,8a—octahydronaphthalene,
1,5-dimethyl-1, 4, 5, 8-dimethano-1,2,3,4,4a,5,8,8a-

octahydronaphthalene, 2-cyclohexyl-1,4,5,8-dimethano-



EP 0 095 253 Al discloses a polyethylene blend containing LLDPE and not

| ess than 1 wei ght percent of free radical catal ysed high pressure
pol yet hyl ene having a high die swell and melt flow rate bel ow 50.
This disclosure is directed to blown filman provides no teaching as to
draw resonance and neck-in performfce. 25

Hodgson et al. in WD 94/06857 di scloses a blend for providing soft filns
havi ng enhanced physical properties. The blend has two conponents
wherein in each conponent is defjined by a conpasi.tional breadth,

i ndex val ue ahdradd dsed 8¢ 8PéPSEaIa%E‘II‘I%pIIW%I‘%edeEE%H%EB?%F?oIl’ ?égn’gse.

An. I f iti d d j [

of o € iARanaegy dadt Rof et el GG R B RS Br AeeReG" b
t hy] YA is t h 30 h | ol t

% 730, 264 whet PR TEERRET £ P ) AT 8 1 RRS A g pRLR ) eeF”

tilizi o] I ight . di | but i b

ypi cal 1y enph GrabES RS S GRASED EAT SOt PP Sy e P8 e

sheeds | 1SS0 SORD0RN] S UBLOR RSO, Mk ciBnadieLab) )

these maté&ri & er neck-1n and/or poor extrusion

processability { I { xt . , 5-
,1{§§?§§§§H% tng?bggﬁénﬁ, £ ugdef o AMAAASbrbornene

In WO 95/0125 I sclose a process for extruding a

t her nopl ast | in@n 8t chiigberbEk Heee Syt akesssaeck- i n
?né%?%c%x%ﬁ@%%h% ) %vtsi&me Wiy

and greater nce to draw resonance. conposition is nmade of

at |east one &f%?%ﬁyﬂéﬁﬂddho&baeﬁénéyhBL@ HedpEmarsed etlcane or in
conbi nati on wt at | east one high-pressure ethyl ene pol ynmer and/ or

with at |east one hejeriggeneguspléses thkedydl pobyeEin of the futniikatWIg
conposition are clearly inproved over ordinary ethylene/[err]-olefin

conposi tigns, iAdrudedydlivpehetene, 3thetbphppsldpanrtdrs,t pi cal |y

undesi rably high. 40 In spite of the various advances,
there is stilhethybegt forendeniedi Ag4ddametoygbopmiorperiens, g3, 5- neck-in
probl ens when extruding ethylene [err]-olefin interpolymer conpositions,
particul arly atmétighlcyclopendeneusBonhlphecspkerrntans, SyaRIDEXeRR | 8-t he
conpositions disclosed in U S. Patent 5,395,471 exhibit

si gni fi cant | ymetipy bwveelolaxenes pdetie thul aic HopXeRges),4hi gh resi stance to
draw resonance and reduced neck- inrelative to c n¥Fn i onal linear
et hyl ene [ er rflin¢eiyicyoinhesiencons CBEEROEBAPOREF s SAGHANEEHAT G t Shfgh

neck-in 45 (for exanple, [err] .7 inches (17.8.c t al.0.ml (0.025 nm
extrusi onlfcoat i ng wephtHic &S Wﬁnge CYC§1CI2°f§ene hatifld el

carbon-carbon double bonds in the cyclic olefin molecule, which
is represented by the formula (V] include 5-ethylidene-2-
norbornene, 5-methylene-2-norbornene, 5-isopropylidene-2-
norbornene, 3-vinylcyclohexene, 4-vinylcyclohexene, 5-

20 vinylnorbornene, 5-allylnorbornene, 5,6-diethylidene-2-
norbornene, dicyclopenadiene, dimethylcyclopentadiene, 2,5-
norbornadiene, etc.

Specific examples of the cyclic polyene compound of the
formula [VI] include 1,3-cyclopentadiene, 1,3-cyclohexadiene,

25 1,4-cyclohexadiene, 5-ethyl-1,3-cyclohexadiene, 1,3-
cycloheptadiene, 1,3-cyclooctadiene, etc.

When no cyclic olefin is contained, the thermoplastic resin

composition has low heat resistance.



ordinary high pressure ethylene polyners are used as bl end conponent
polymers in ethylene [err]-olefin pol ymer conpositions to inproved
| i ne speed, resistance to draw resonance and neck-in perfornance,
relatively high concentrations (that is, greater than 20 wei ght percent

based on the total weight of the cmposition) of the high pressure
et hyl ene pol yner as a bl end conponent polyner is required to effectuate 50
such inprovenent. However, where a resin manufacturer converter is

capacity limted, such as, for

equi prent  for add|Fh@dnﬁﬁﬁﬁéﬁ%%9939¥¥“§ﬁﬁgftg@éﬁgg%gﬁ%ﬂgYéhﬁéé LE8PLELy
b and Compongantednene ST 8 AF 2 pBre! HeBl BEEPAN PIRS RS UNEY
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present inveRCln RASIAHETIY Qr?ir:efﬁ%bl%ésjneed gf‘ﬁﬁr GIME gEEfL‘PSblY
extrusi on cogpggb% Et?h$V|n qﬁfk#ed&§8§§gsb EQH é%;% %eghBFHEa$f

such conp ‘;‘.“t ons_utiliz rp e
COnmposi t i £HE b?egéﬁ?lnnveﬁ?ﬁﬁﬁhkéﬁa%gluse oggﬂ%ngﬂa%?étﬁ?%ﬁtﬁ?ﬁ<nomn
equi pent nDQﬂJ'C%Eiggﬁlén9e51n composition may have low heat resistance.
When the amount of the cyclic olefin in the propylene copolymer
is too large, the thermoplastic resin composition may have low
impact resistance at low temperature, or low flexibility.

10 When the propylene copolymer of the present invention
comprises ethylene (the olefin having two carbon atoms), the
content of ethylene is preferably 80 % by mole or less, more
preferably 70 $ by mole or less, particularly preferably 60 % by
mole of less, most preferably 50 % by mole, from the viewpoint

15 of the improvement of flexibility of the thermoplastic resin
composition. When the ethylene content is outside the above range,
the propylene copolymer may contain crystals due to ethylene, and
in turn the thermoplastic resin composition may have low
flexibility, transparency, resistance to whitening on bending or

20 scratch resistance.

When the propylene copolymer of the present invention
comprises ethylene, it preferably satisfies the following

relationship:

v

ly/(x + y)]1 2 0.2,
25 more preferably

[y/(x + y)] 2 0.3,

particularly preferably

[y/(x + y)] 2 0.4,



5 in conbination with thermally degraded polyners to good advant age and

t he conbi ned or synergistic benefits of the present invention and
known sol utions can al so be realized. I n addition
to the advantage of being able to nmake an _i nproved extrusion conposition by
utd lizing a wde variety of addition or bﬂ@nding equi pnent opti ons,
converters and fabricators can now real i ze the advant ages of

i nproved abuse or barrier properties (due to the utilization of ethylene
[err]-olefin_1 i I ymers), higher productivity rates (due to
ability to oﬂFﬁ%ﬁ %%ﬁ%%?gﬁ'ne speeds) and down-gaugi ng (1 ower coat
wei ghts or thinner EQ/(§5+a ? psofikes), while still preparing high quality,
uni f orm coat i ngs, 8 %frleé and filnms. Another advantage of the

. ! . o . ¢
invention is ihe S0 {ican by Bl asst Bféé%}t?ﬂ%ﬁeq the co olﬁm}]er, and

inventive conposition relative to unnodifie ene/[err]-ole

i nterpol ymer.y T snbngspaAsedrRht &FHiths naving Shgthbd ahboys idmiRY ¢
part definiti'on, |less sag and higher hot green strength in profile
extrusi ong sugle appot§merfabrication of wire and cable products.

I n accordance with the present invention, we have di scovered an i nproved

net hod of NiHcRg tAB PEBPY BaLe NEIPOTB/MIX Idoks BB LCEARRSEYI Bile @bve

i nproved et hyl ene pol ynmer extrusion conposition, and a net hod for
maki ng an extrdlsitdensbapedtiRdbsii¢nicnl syt ieX irelds nobomposit towimdhéaetehybane
pol ymer conposition and an extrusion cast filmof the ethylene

pol ymer conpddlidxibili2€, transparency, resistandineéoasipeidniofg bhebemviarg bon
is an ethyl ene polymer extrusion conposition conprising _ from75 to
95 percent, Bensgicghtresfisthrceotal conposition, of at |east one
ethylene/[err]-olefin interpolymner selected fromthe group

consi stindg of a suldst @aritachyari rdzen ety |love teppprature hesbgedecrisly
branched | i near ethyl ene polymer and a het erogeneously branched

| i near et hyl gfsluigleprethe RrePELANE HONdSN Ehd/eePFpPYlene copgllymph Hothfer
is characterized as having,a density in the range of 0.85 g/cc to 0.940

g/ cc and fromzesegtoinyention s genegplii §ht? &Y PRréet of alesonpasifershlyof
at | east one high pressure e | ene pol yner characterized as avi ng

h h h
a melt index,8Y [feby] MOfLEs8Tt 1111% S6. 1P ‘#ieﬁ@tbgs‘(, 8 deR¥ipglerontletsst
0.916 g/cc, a nelt strength of at | t 9 cN as_det erm_ned. usi a
Gottiert Rhedtd CHIPELYPHE AT 0 SoXMANE PRiesormea - PERLET TRy 0 ¢
deterninqg b¥ﬁr eé ?grneation chromat ogr aphy and a bi nodal nol ecul ar
wei ght di'Stri uFF%ﬁ 85 a8P31 mi ned by gel per meati on chr omat ogr aphy,

wherein the ethyl epg BOLYI®roBhUY! Qh EHPIY SLPR1 BT R JBbYe' AR, the

I[[err], of at
thermoplastic resin composition may have low impact resistance

at low temperature.
The olefin {other than propylene) contained in the propylene
20 copolymer of the present invention has 2 carbon atoms or 4 to 20
carbon atoms, and is preferably ethylene, l-butene, 1l-hexene,
l-octene or l-decene.
An intrinsic viscosity [n] of the propylene copolymer of
the present invention is preferably from 0.3 to 10, more preferably
26 from 0.5 to 7, most preferably from 0.7 to 5, when measured in
Tetralin (tetrahydronaphthalene) at 135°C. When the intrinsic
viscosity is too low, the thermoplastic resin composition may have

low scratch resistance. When the intrinsic viscosity is too high,



30 | east 1.0 g/ 10 m nutes. Anot her aspect of the
I nvention is a process for naking an et hyl ene pol yner extrusion

conposition conprising: (a) conbining 5 to 25
percent, by weight of the extrusion conposition, of the at |east 35

one high pressure ethylene polynmer with 751t o 95 percent, by weight of the
extrusion conposition, of the at |east one ethylene [err]-olefin

i nt erpol ymer, wherein the at | east one

QggrpﬁéﬁfoLaP%t %%PE nggggr Do yﬁern¥§Fg8g%BP%8§g§aﬂ% £Fchﬁﬁ§ﬁR%%§tﬁhe at

: ﬁ?:? pol ymer, the gpﬁy}retnrenbs&%/?féﬁc%iﬁ%girﬁn 54%5%2‘? [dg”L%m bbBe110nde
having a mel §;isRARKted2in Ofeffal RS ]l(’i% g/zlol;llj%éwt d}%% 3y Qfﬁ%k enjat a1

m | nol ayer FusSi-of

coatl ng wei gty BEyﬁn va%&gl%%so [GEBLvEQVEL 1dWRR1 1 of Tetralin to ghtain a .o

t he expected nec or the conposition,

PCT/ US95/448481ution hav1ng a concentratidPbr 3 ‘irQ_MnﬂCt | Pide@F t$QRVEYHHL: bLE

extrusion conposition in formsuitable for
subsequent usg@s diluted to decrease the concentration to 1/2, 1/3 or 1/5, and

a viscosity of each solution is measured in a constant temperature

vessel kept at 135°C+ 0.1°C. At each concentration, the viscosity

is measured three times, and the averaged value is used as an
10 intrinsic viscosity.

The propylene copolymer of the present invention preferably
has a molecular weight distribution (Mw/Mn)} of 5 or less, more
preferably 4 or less, most preferably 3 or less, when measured
by gel permeation chromatography (GPC). When themolecularweight

15 distribution is too broad, the thermoplastic resin composition
may have low scratch resistance, when such a copolymer is used.
as a modifier.

A molecular weight distribution is measured by a gel
permeation chromatography (GPC) method using, for example, a

20 150C/GPC apparatus of Waters, Inc. An elution temperature is
140°C, a used column is, for example, Sodex Packed Column A-80
manufactured by SHOWA DENKO Kabushikikaisha, and standard samples
for molecular weights are polystyrenes, for example, polystyrenes
having molecular weights of 68 to 8,400,000 manufactured by TOSOH

25 CORPORATION.

About 5 mg of a polymer is dissolved in 5 ml of o-
dichlorobenzene to obtain a solution having a concentration of

about 1 mg/ml. The obtained sample.solution (400 pl) is injected



Still another aspect of the invention is a process for using an ethyl ene
pel ymer extrusion conposition to nmake an extrusi on coated substrate,
an extrusion profile or an extrusion cast 5 filmconprising

(1) f eeding an ethyl ene pol yner conposition into at |east one extruder of
an extrusi oh?l i ne, wherein the et hyl ene
pol ynmer conposition conprises from . 75 to 95

percent, by weight of the total conposition, of at |east one

ethylene/[errl-olefin inter yner_selected fromthe. group, 1 ,
consi sting ofllla&éﬁbdsﬁqélr%%’alﬁgé%wnﬁﬁfe& 9Pe‘?1]eu*"p]6}%/r?8},9eﬁg 1. 0 mi/min.,
honogeneousl r h | he hyl e pal yne nd., \ .
heterogeneouéPy gggn%ﬁ%%éﬁi€E§§¥4§ﬁﬁyﬁgﬁeaséF§ﬁ%$)wbﬁhw%ﬂﬁ$fraCtlve index
t he et hyl ene/ﬁggé&agl efin polymer is characterized as having a

density in the range of 0.85 g/cc to 0.940 g/cc and a nelt index, I[err],
in the 15 Th ; r - 5 i ] [ut and
froms to 25 percent?nbyavéﬁ%ﬁﬁ %ﬁ tpﬁeﬁ@g§u9£d0wéléﬁ£ §%é¥55% ng%C%iantal

ition, i | i
conposi tipn, wRigRt MASto NI MPLESISI & Q¥]é,?xfkfrea§ge| %{ﬁg%c%l%r Hnghr% ﬁg%)és, a

characterized a$ having a melt index, I[err
density of afhieRshrd BI6 YOGstyreBkl cohtepetd R1atylHa%0 19nEN, ass
det erm ned ' using a thﬁ#ert Rheot ens unit at

190[err] C, achMfenr}tdderdrd natdd aef adhol €astar’ WRid®t2@istribution of the
determ ned by gel perneation chromatography and a bi nodal nol ecul ar

wei ght di st rpbopidena@scateilamemed biiegphepets teBivEt iGH Omat ogr aphy,
and wherein the ethyl ene pol ymer extrusion conposition has a nelt index,
I[err], of at |easPrdféralilif) rihrupespylene copolymer of the plielsknt Mel ting
and m xi ng the ethylene polynmer conposition to format |east one 25
uni f or m Hbl t Envent yorehast neabther a peak of 1 J/g or mordidue toopke atd Ingirche
extrusion line at line speeds greater than 152 neters/m nute,
of crystals nor a peak of 1 J/g or more due to crystallization,
in the measurement with a differential scanning calorimeter (DSC).
If a propylene copolymer has such a peak, the thermoplastic resin
composition may have low flexibility, transparency, resistance
15 to whitening on bending or scratch resistance. Herein, DSC 220C
of Seiko Electronic Industries, Ltd. is used as a differential
scanning calorimeter, and the measurement is carried out at a
temperature raising'or decreasing rate of 10°C/min.
When the propylene copolymer of the present invention is
20 used as a modifier of a thermoplastic resin in an amount of 70 %
by weight or less of the thermoplastic resin composition, a
flexural modulus (U) of the thermoplastic resin composition
preferably satisfies the following relationship:
U< 1.5x S x (T/100)%*3,
25 more preferably
U< 1.4 xS x (T/100)3%3,
particularly preferably

U< 1.3 xS x (T/100)373,



(ti1) extrudingthe nolten polyner streamthrough a die to forma primry
extrudate, and either (a) drawi ng down and
cooling the extrudate to prepare the extruded 30

profile of at |east one |ayer of the ethyl ene pol ymer extrusion

conposi tion, or 13 (b) drawi ng down the
extrudate onto the substrate to thereby coat the

supstrate with at |east one layer of the ethylene polynmer extrusion
conposition, or

- 6- Worgeit1 regerably

PCI/ US95/ 14840 53
cooling the extrud¥ & dnoXaStAkEL6¥30)evice to

make the filmw th at | east
wherein S 1is g f]?g)?ulra enrlocﬁ;lt}she(k%tfbgng)neolp %ll%n%rhermoplastic

resin, and T is a content (% by weight) of the thermoplastic resin

(c) drawi ng down and

5 in the thermoplastic resin composition.

When the flexural modulus is outside the above range, the
thermoplastic resin composition may have low flexibility,
transparency, resistance to whitening on bending or scratch
resistance.

10 When the propylene copolymer of the present invention is
used as amodifier of a thermoplastic resin, preferably the surface
condition of the thermoplastic resin composition is not
deteriorated in a heat test carried out at a temperature lower
than the melting point of the thermoplastic resin. Herein, the

15 deterioration of the surface condition means the generation of
gloss on a matted surface of a molded sample, and so on.

When the propylene copolymer of the present invention is
used as a modifier of a thermoplastic resin in an amount of 50 %
by weight or less of the thermoplastic resin composition, a heat

920 deformation resistant temperature J (°C) of the thermoplastic
resin composition preferably sétisfies the following
relationship:

J 2 K - 50,
more preferably

25 J 2 K - 40,
particularly preferably

J 2 K - 30,

most preferably



extrusi on conposition, and (vi) conveying or
collecting the profile, the coated substrate or the filmfor 5

subsequent use. A further aspect of the invention is
an article conprising at |east one |layer of an et hyl ene pol yner
extrusion conposition, wherein the ext rusit8n conposition conprises from75
to 95 percent, by weight of the total conposition, of at |east one
ethylene/[err]-ol efin interpolyner sel ected fromthe group consisting
of a substantially linear ethylene polyner, a honogeneously 10 branched

| i near ethyl ene poﬁ&ﬁéﬁ éngoa het er ogeneously branched |inear ethylene

pol ymer, wherein the ethylene/[err]-al efli 0 | pactesikzed
as having a ddRKey: Kog ﬁgt“?%%&@%wm%‘g%%ll reSlStgflgcé%&g?%f%iB g?cgpa(ﬁ%lt%%om
5 to 25 percent, by weight of.the total conmposition, of at |east one high
pressur e ethﬂﬁﬁﬂ@“%ﬂ@fﬁgF th&tacteri zed as having a nelt index, I[err],

| ess than 6.0 ¢g/10 m nutes, . a j ; i t O ke 1 16 fre Baft®l t
strength of at |ea OrgeéRP%%eaé%gﬁﬁangﬂﬁéé%Efﬁé-ggfésgﬁ% 15 Rheoté%saunit

at 190[err]C, a Merr]/ r Lo of at least 7.0 as determ ned by ge
perneatioﬁ be dﬁ %Poﬁgy%grg%%§8§%a a binodal nol ecul ar wei ght distribution

as determ ned by ggl pepORAal Ok havin Clﬁrfgﬂagtt@%%p@m rd aWyeaeh ot B0 mm
et hyl ene pol yner extrusion conp05|t|og as a nelt index, I[err], of

at least 1.0 9{JQ mRWESss of 0.5 mm is supplied, WhdhitBeuppesesige of 25
i nvention, one obtains reduced neck-in, higher drawdown rates, 20 and

greater resi SEANGE figedr 8y 56%{1@%&1@@% Obévd Naddlgr it DSkmowis [filkedeto
bl ends or unnodi fi ed ethyl ene a-ol efin interpol yner conpositions.
FIG 1 is a graphiaalig testrcaidioy afwdietmorertilgaon viigisheditst rtrt,i ¢heas
determ ned using gel perneation chromat ography of a high pressure ethyl ene
pol ymer 10 sK¥PAS buepesdetiabt erf ovensehich tie mpiesennednaerst icomst2pt
FIG 2 is a graphical illustration of the nolecular weight distribution and
t he C O NPt i ate e MORAL &+ Nepasnddioer rhned, thiengl grda Pamentireakage
chr omat ogr aphy) of four different i

of the unfixed part (90 mm) of the sheet is checked. When neither

elongation nor breakage is observed in the sheet sample after 1
hour heating, the temperature of the oven was raised by 5°C, and

15 the above test is repeated. The highest temperature at which
neither elongation nor breakage is observed is adopted as a heat
deformation resistant temperature. The detailed procedures of
the above test are the same as those defined by TOKYO-TO ACT No.
1027, except that the sheet thickness is 0.5 mm in the above test.

20 The propylene copolymer of the present invention can be
prepared using known Ziegler-Natta catalysts or metallocene
catslyts. Amongothers,thenetallocenecatalystsarepmeferable
since they can produce propylene copolymers having a high
molecular weight, a narrow molecular weight distribution, and a

95 narrow composition distribution. Examples of the metallocene
catalysts are those described in JP-A-9-12635 and JP-A-9-151205.

In particular, propylene copolymers prepared by

copolymerizing propylene, at least one olefin selected from the



hi gh pressure ethyl ene pol yner conpositions. FIG 3
is a plot of melt strength versus neck-in at 1 ml| (0.025 mm for |ow

density pol yet hyl ene resins which is used to predict, by
extrapol ation, the neck-in performance of _resins 30 that can not be drawn
daown due to excessive nelt strength. . The inventive

conposition conprises from75 to 95 percent, preferably from80 to 95
percent, nore preferably from85 to 95 percent, nost preferably from88 to

95 t based t h . tal -weight .of th It 10N Of t
one. ot iyl cno A CAPSRPHiP: 8F gl S ST o £ 20 Sproor kegls, Bkpepes

f bly f 5.,tao 20 ; 5 - t
br et or abl v 1 FOREYAChes. phy5 e AT ALELE AT bBREReG 2o f Py in- TS

?(;ErpOSi tion, p%g}i%%%itgﬂnga{g%ﬂarc%ﬁtﬁyﬁgiﬁ&Mée%llowingﬂ%r&ﬁﬂ?{ent (R),

PCT] USSS/ 148404 one or both of the folloWliff AchBlhenthe (Brtaad qr) measured

neck-in value o e inventive et%y ene pol ymer extrusion conposition

will be af least 12apefcantystPbRE @rabky tabnRasll d6mprét el echebefron the
group consisting of the compounds represented by the following

formulas [I], [II] and [III]:

1
vy
R /
R A
(1]
R® R’

X
M
5~ ~u3— N5
R / X \ R (3
rR* A A R
R3 R’ R ~ RS
2

R R?
6 cp! x3 _Cp. _R®
> S o= C
R [T R®
R A A R [ ]
R3 R1 R1 R3
R? R?

" wherein M! is a transition metal element of the 4 group of the
Periodic Table, A is an element of the 16 group of the Periodic
10 Table, J is an element of the 14 group of the Periodic Table; Cp’

is a cyclopentadienyl anionic moiety; X!, X?, R', R, R}, R, R® and



preferably at |east 24 percent, nost preferably at |east 30 percent |ower
than the expected neck-in val ue for the conposition based wei ght
fractional contributions of the conponent polynmer 5 conpositions. The
density of the inventive conposition will in the range of 0.850 to 0.940

g/ cc, preferably in the range of 0.860 to 0.930 g/cc, nore preferably
in the range of 0.870 to 0.920 g/cc, nost preferably in the range of
0.880 to 0.915 g/cc. The nelt index, I[err], of the inventive conposition

Yo 30 g/ 10 muFeBtesr indepergBat by B BineRL S BTk Aebll” 4 31D 1
m put es, nost_preferably i.n the ranpge 0] 1 jaut gs. The
mel t strengtrﬁiﬁmﬁfﬂ?i3%§gﬁti&gugbn%gs??%%%wgéﬁgéﬁgr%@hgg&gsgﬁghg'G%ttfert
Rheot ens - will, he at .leas enj | pLef Sy | gd¥p, 15
cN, nore pr ef%‘i‘basoqut%eqaesés}&%zérg\{?’ rr%ljél\h%% (’%r%')é éréﬁl%?@k}rleas% 25 ?N.
The term "pol r' | i~ hPe@ RAINETBELE gqﬁggwgggdngyy%red
by po|y%éxéﬁﬁﬁﬁ§§h§§§ﬁ8p§%gtﬁ%t g%ggft%ﬁ% ggﬁé or a 8If erent type.
The generic tg@r nppolymeg: t Ruslbre nf‘d@%?‘ﬁ%nh'ﬂ@ytl% Borkieeps! ¥6Bf a ruskgl |y
enpl oyed to refer to polyners prepared fromonly one type of nononer.
The term"i .”téﬂci’?b mﬂ{f{ c1BReHESE PRE Aig\yrd 8 8 HOPEAL yiEE Taplleparesiledt he
pol ynmeri zation of at least two different types of nononers. The generic
term"interpotyseriwd MIS a, J, dgiclwdex?s he’,t of MR CORY! RAEIE" orwhf din ithe
accurately enployed to refer to polyners prepared from20 two different
nmononers. Howey@huld hert @m'iaopekynee” the sdms® disetd fiferehé.art to refer to

pol ymer s prepared fromtwo or nore different nononers.
The term "expected (@clkti beyst uale, adsmissend dompeund seledrad dsomt thagroup
act ual , measured neck-in value, refers to the neck-in val ue expected

or predicioed &aseiktomd hef vikieglfollowingf campdwris alBiul,at(Bdns andd (BRk:

i ndi vi dual neck-in values contributed by the conponent %ol yners of 25 an
extrusi on conpositi tBl) An argexdcphéuninuheceomayictaforhenherBuda: ext r usi on
conposition conprises 90 wei ght percen5 of an ethylene a-olefin

i nterppol ymer whi ch Blg&l%n.,ext rusi on coating neck-in value at 1 m|

0. 026 of 7.5 and 10 wei ght percent of a high pressure ethyl ene pol ymer
( " (B2) a cychic Fglluminoxane of tqme pformula: y POty

[-Al (E®) -O-],
15 and
(B3) a linear aluminoxane of the formula:
E*[-Al (E®)-0-] AlE’,
wherein E*, E? and E’ represent independently each other a
hydrocarbon group, provided that all E''s, all E*'s and all E’'s
20 may be the same or different; Z is a hydrogen atom or a halogen
atom, provided that all Z's may be the same or different; a is
a number which satisfies the formula: 0 < a £ 3, b is an integer
of 2 or more; and ¢ is an integer of 1 or more.
(C) at least one boron compound selected from the group
25 consisting of the following compounds (Cl), (C2) and. (C3):
(C1l) a boron compound of the formula: BQ'Q°Q%,
(C2) a boron compound of the formula: G'(BQ'Q°Q°Q%) ",

and



whi ch has an extrusion coating neck-in value at 1 ml (0.025 mm) of 1.75
inches (4.4 cm, the extrusi on conposition has an expected neck-in
value of 6.9 inches (17.5 cm) where 6.75 inches (16.9 30 cnm) woul d be
contributed by the ethylene [err]-olefin paolyner and 0.175 inch (0.44 cnm
woul d be contributed by the high préssure ethyl ene pol yner.

The term "high pressure ethylene polyner” or "highly branched ethyl ene
pol yet hyl ene” is defined herein to nean that the polyner is partly or
entirely honopol ynerize

reactors at pressgr@§3a%b€@rfﬁ,géﬁigégéggéégﬁélCS%PP%:ggigﬁhgﬁﬁggﬁgbgbU|ar
[reer adi ool oL O S e ealeR', eandany 1 B RS et
-sg;lse in ref ejrréﬁec%erfdoenatr}ygtfeﬁﬁlgﬁgl%%:gy%ﬁgggﬁﬁ%ﬁifﬁ’d%gy&%cggﬂgﬁné%:%lngner
isab;? gﬁ? imalyl %%#c{ﬂ%#'go?%er@oﬂih&{lo&,g LVED NS iR 5P $LY8upN by ekEk P group
5 or a di-substituted amino group, and they may be the same or
different, G' is an organic or inorganic cation, L is a neutral
Lewis base, (L-H)® is a Bregnsted acid.
Hereinafter, the components (A), (B) and (C) are explained
in detail.
10 (A) Transition metal complexes
The transition metal complex (A) is represented by the above
formula [I}, {II} or [III].
In the formula [I], [II] or [III}, the transition metal atom
M' means a transition metal element of the 4 group of the Periodic
15 Table (IUPAC, Nomenclature of Inorganic Chemistry, Revised
Edition, 1989). Examples of the transition metal element of the
4 group include a titanium atom, a zirconium atom, a hafnium atom,
etc. Among them, a titanium atom and a zirconium atom are
preferable.
20 Examples of the element of the 16 group of the Periodic Table,
which is represented by the symbol A in the formula [I], [II] or
[III], include an oxygen atom, a sulfur atom, a selenium atom,
etc. Among them, an oxygen atom is preferable.
Examples of the element of the 14 group of the Periodic Table,
25 which is represented by the symbol J in the formula [I], [II] or
[III}, include a carbon atom, a silicon atom, a germanium atom,

etc. Among them, a carbon atom and a silicon atom are preferable.

Examples of the cyclopentadienyl anionic moiety



pol ymer nol ecul es have the sane ethylene to conononer nolar ratio.
Honogeneously branched et hyl ene pol ynmers are characterized by a
short chain branching distribution index (SCBDI) greater than or equal to
5 30 percent, preferably greater than or equal to 50 percent, nore

preferably greater than or equal to 90 18 percent and essentially
| ack a nmeasurabl e high density (crystalline) polynmer fraction. The SCBDI is
def i ned as the wei ght percent of the polyner nol ecul es having a

conmonorer content within 50 percent of the , | gedi gn t.ot gl | ar
conpnoner coﬁBQﬁ?SeF§¢dp@Yy%h%ﬁﬁqhﬁtHﬂH§n§C§Bl}éﬁﬂiﬁk%§bﬁg%ﬁﬁﬁté§4%ﬁﬁr)
density pol yner , fraction cgn be determned b | | - knowns_
tenperature cvsiagetadieny rdURsralt ohSEPRESY Hﬁd&égfg§ﬁgﬂ’ T~ 10

Ba. - Vol . 20, (spbes Eipasby fordhyg oAb et kI R Eptes TR

Type and Distribution in LJL(_;D_BJEJ Pg,oduct Per f ormance, " SPE Regi onal
Techni cal CofF@PBACBICRBKE? SYlire Hilton, Akron, Ohio, Cctober 1-2, pp.
107- 119 (1985),5cnyéi3 98

Pat ent, 4,798 0 .
The term 3 sufsfarft q%quaﬁégpy%tﬂ§?%%@E%é\y%%ﬁgy%?Xﬁ%ﬁﬁﬁgtfﬁéePX%n?roup'
"substantially Lingar, .a- 5 .ef| r.'...sSubstantially |inear
[err]-ol efin%& ?%P%t%ﬁyaﬁlﬁﬁegrﬁaaégé#g ‘g%llr%’ﬁeas s wel | as short chain
branches attri but abl SHA GrRBONES s.ncorporation. The |ong
chain branch§§lgfgggic%§%8§§§%§ﬁ' frucpure as the backbone of the

pol ymer and gr %rlaglgqggﬁggp?%&&ﬂ;%fﬂc@%ﬁppranﬁh%,%hy’i@c%ltpﬁfmadien%l .

backbone of substanti ear ef i'n polymers is substituted wt

average of O. 0 j 1 tad & ) gakpons. Preferred
b8 BRI cyclopentod RS RS, carpo

substanti al | f usé in the Tnvention are substituted with

20 frogy0. QL %g'lepehagéﬁ@mféﬂﬂo%xwpbo as nt--lo /g yehapenbadhehy 1000

carbons, and nore preferably from 0.05 long chai n branch/ 1000

carbons to 1 4yQpg,chahhduanthes/1t9elopenbattenyn qapag,fiac nénbedt ments, the
pol ymer backbone of the substantially linear [err]-olefin polyner is

substituted wdthilalychepshtadbetiyDgtolippa n’-n-pentyl chalopdrtatipnid0proup,
carbons or at |east about 0.3 |ong chain branch/ 1000 carbons.

Long chai n brarghhsgpérst glefyalepentadiangd aroti re Ivength of at | east 6
car bons, above 25 which the length cannot be distingui shed using
[err] C nucl eatexydgwyef bpentadhemyk gspepi o8 coppctyheyrbaperbad ke lagERA R an
be as long as a?out the sane length as the Ieng&p of the polyner bggéEOEe
t o whi ch 16t isn’-phenylcyciavpgohadienyl group, an naphthylcyclopenta 3
group, a Mm’-trimethylsilylcyclopentadienyl group, a n’-
triethylsilylcyclopentadienyl group, a n’-tert.-
butyldimethylsilylcyclopentadienyl group, a n°-indenyl group, a
n°-methylindenyl group, a m’-dimethylindenyl group, a -

20 ethylindenyl group, a m’-n-propylindenyl group, a -
isopropylindenyl group, a n°-n-butylindenyl group, a n’-sec.-
butylindenyl group, a m’-tert.-butylindenyl group, a n-
pentylindenyl group, a m’-neopentylindenyl group, a n-n-
hexylindenyl group, a n°-octylindenyl group, a n°-n-decylindenyl

25 group, a n’-phenylindenyl group, a n"-methylphenylindenyl group,
a n°-naphthylindenyl group, a m’-trimethylsilylindenyl group, a
n’-triethylsilylindenyl group, a m’-tert.-

butyldimetylsilylindenyl group, a M*-tetrahydroindenyl group, a



The presence of |ong chain branching can be determ ned in ethyl ene
hanopol yners by usi ng ' 3C nucl ear magnetic resonance (NWR)
spectroscopy and is quantified using the nethod descri bed by 30
Randal | (Rev. Macronol. Chem Phys C29, V., 2dc3, p. 285-297).
As. a practical matter, current [err]C nucl¥ar magneti c resonance
spectroscopy cannot determ ne the length of a | ong chain branch
i n, excess of six carbon atons. However, there are ot her known
techni ques useful for determ ning the Ere}s1 fce of 1ong chain_branches in
et hyl ene pol yiefdUorgBYLdgRgUP, & M -methy § WS b GT2E i At Brpol yrers. Two
such nmethods are gel_ perneation chronat ograph oupled.- with a |l ows 35
angl e | aser I‘%}Pﬁgéﬂaqojtué?rri%ld&f@l'}?ma(@@%@Xﬁfg)mgﬁﬁnge?rcb@’neaat on
chromat ogr aphy, cqupl ed with_a differential vi det ect o5 _
(GPC- D\/)g TEGX%&ﬁﬁuorenyl group, a n —n—propy&f?uorer?ff r?].loq.{p, & ‘?1 &1
-9- WO 96/ 16119 s 5_
bCT/ USos/ 145 RrPrOBYIEUOTStiL, groupe 4 GaSSPFSPYLERICRHYH Fi%athun @ M
det ection ,and,t he under.lyin E]]Ii}or' h Hee b ldWEe”tae sin
the liter ur%%l%?efoﬁ%lﬁéléﬁp g, ggﬁ?ﬁ‘?ﬁ a%\erll-l ﬁagg%gt g%&%@% AN C}'Chem
Phys., 17,130 él—?&% %i ’ Moden Methofds+ o1 e BRbY&BF1 group, a
Charact eri zat PR IO #%%g?é vi g‘f“‘oup, Qeﬁ ’ Y &1 group
n°-di-n-butylfluorenyl group, a n°-di-sec.-butylfluorenyl group,
an’-di-tert.-butylfluorenyl group, a n’-n-pentylfluorenyl group,
a n°-neopentylfluorenyl group, a n°-n-hexylfluorenyl group, a

10 n-n-octylfluorenyl group, a m’-decylfluorenyl group, a W’-n-
dodecylfluorenyl group, a n°-phenylfluorenyl group, a n’-
diphenylfluorenyl group, a n’-methylphenylfluorenyl group, a
n°-naphthylfluorenyl group, a n’-trimethylsilylfluorenyl group,
a m’-bis-trimethylsilylfluorenyl group, a n’-

15 triethylsilylfluorenyl group, a m’-tert.-
butyldimethylsilylfluorenyl group, etc. Among them, a nm’-
cyclopentadienyl group, a n’-methylcyclopentadienyl group, a
n°-tert.-butylcyclopentadienyl group, a m’-
tetramethylcyclopentadienyl group, a n°-indenyl group and a

20 n’-fluorenyl group are preferable.

Examples of the halogen atom for X!, X, R', R’, R’, R, R®
and R® are a fluorine atom, a chlorine atom, a bromine atom and
an iodine atom. Among them, a chlorine atom or a bromine atom,
in particular, a chlorine atom is preferable.

25 Examples of the alkyl group for X!, X’, R}, ®%, R}, R!, R’ and
R® are alkyl groups having 1 to 20 carbon atoms. Specific examples

of the alkyl groups include a methyl group, an ethyl group, a

n-propyl group, an isoproyl group, a n-butyl group, a sec.-butyl



Sons, New York (1991) pp. 103-112. 5 A. WIlemdeG oot

and P. Steve Chum both of The Dow Chemi cal Conpany, at t he Cctober
4, 1994 conference of the Federation of Analytical Chem stry and
Spectroscopy Soci ety (FACSS) in St. Louis, Mssouri, presented data
denonstrating that GPC-DV is a useful t ecRRi que for quantifying the
presence of |ong chain branches in substantially |inear ethylene
i nt erpol yners. In particular, deGoot and Chum found that the |evel

fol hai n_b h i iall ' hyl h

Sanﬁfﬂg ﬁFZ's Cﬁr@&f%ES?ﬁée%fh:e- il a%%%@%éx,g%gsa&i‘%%%u%&% TP,
ith t i i C )

\Ilzmlﬁrt herfa d%ga&cz)mg%?é] utcfjrﬁalf"1 (I}?J%{f a&%?ﬁg? [S)alrjiﬁggﬁggi (r)bfgf O(J)ug)t’ e%l_él\fi oee ln_gfo%%’agge
the Y R04BANL G VAL, BTn L RS YL SRS, %agﬁ%féoéﬁ 3o, 08rand.

as such, one can acco ar- wel I ncre
attributable&n%

. , 15
octene in the sél??f)ftg.gﬁggg%écto}ﬁ}\}gpg??égnﬂg&c nt g?gﬁ%?%ﬁ p;%d%{ogggfgfgﬁ% ght
i ncrease gttH]g:té%bngutyl grbp 1a@&ta@peanﬁ}10gr]9§gahgeb§?ﬁ€@%| 14eG oot and

Chum showed C-DV ' may be used to quanti evel of |ong

chain branches in substantjiagtyupd REbeCilyd BN Nt 6ARJINEFShalogen
deG oot and Chum al so showed that a plot of Log(l[err], Melt Index) as a

function of atoms kREOhCRE ¥Yéhahind\viongs Whheeiharatéightroasneebeorsnet by
GPC-DV illustrates that the long 20 chain branching aspects (but not the

extent of |ongdihangton)) Sbesubst arbinpley dfixiear, £1kyl €h6ups subspotyved s
are conparable to that of high pressure, highly branched | ow density

pol yet hyl ene with a hglloBen atnsh ar éhadlog@n! ytais tihottdé rrofil ed iyrtestriey Jpotyumer s
produced using Ziegler-type catal ysts such as titani um conpl exes and
or di nar y 1honegdnédusromae blhylk taxresws ha atsr hblfuringmedhg lvgnaap ura chloromethyl
conpl exes. 25 For ethylene/[err]-olefin interpolyners,
the | ong chaigroupanehdishlongeethyargnce, a trishéeromébhivl remth that
results fromthe incorporation of the a-olefin(s) into the polyner
backbone. Théar@mmeitba'ﬁ @fduot 2 llbrhaopebBph @& oy, |ohgl eremenesitaAc 6 e/ n
t he substantial |inear ethylene/[err]-olefin interpolyners used in
the inventi omn sodeme gt ggoupord dkhagrrethigl grpapcadtrilodomethyl group,

a fluoroethyl group, a difluoroethyl group, a trifluoroethyl group,

15 a tetrafluoroethyl group, a pentafluoroethyl group, a chloroethyl
group, a dichloroethyl group, a trichloroethyl group, a
tetrachloroethyl group, a pentachloroethyl group, a bromoethyl
group, a dibromoethyl group, a tribromoethyl group, a
tetrabromoethyl group, a pentabromoetyl group, a perfluoropropyl

20 group, a perfluorobutyl group, a perfluoropentyl group, a
perfluorochexyl group, a perfluorooctyl group, a perfluorododecyl
group, a perfluoropentadecyl group, a perfluoroeicosyl group, a
perchloropropyl group, a perchlorobutyl group, a perchloropentyl
group, a perchlorohexyl group, a perchlorooctyl group, a

25 perchlorododecyl group, a perchloropentadecyl group, a
perchloroeicosyl group, a perbromopropyl group, a perbromobutyl
group, a perbromopentyl group, a perbromohexyl group, a

perbromooctyl group, a perbromododecyl group, a



rheol ogi cal properties which are quantified and expressed herein in terns
of. gas extrusion 30 rheonetry (GER) results and/or nelt fl ow,
I[err]/1[err], increases. In contrast to the term
"substantially linear ethylene polyner", éﬂe term'|inear et hyl ene
pol ymer" neans that the polyner |acks neaStrabl e or ‘denonstrabl e | ong chain
br anches. The nol ecul ar architecture of the high
pressure ethyl ene pol yner conposition is critical with respect to the

neck-in, nelb?%%Eﬁﬁgégn@Qge€$£%§%ﬁ§$igig¥o'ggigg$gfq%%é&$nt %.final 35

conposi tion. press ene pol yner € invention

has a relative hi gyBelique ali 8RB UL dbatl chedslut UnaPLE D! Y

at least 15 cN, nore prefera

pCT! Usosy 14g340%Y EOU igh, a5, pethony grousy SGRORYSEORRSp iy O
) o, PonMEEbgHb bebEoty A DACACLE LREoA? roupoy 1BVLRG BuPhEDES!
Merr]/Mgrrhralkyloxy groups such as benzyloxy groups.
Examples of the aralkyl group for X*, X?, R, R?), R} R!, R°
and R® are preferably aralkyl groups having 7 to 20 carbon atoms.
Examples of such aralkyl groups include a benzyl group, a (2-
methylphenyl}methyl group, a (3-methylphenyl)methyl group, a

10 (4-methylphenyl)methyl group, a (2,3-dimethylphenyl)methyl
group, a (2,4-dimethylphenyl)methyl group, a (2,5-
dimethylphenyl)methyl group, a (2, 6-dimethylphenyl)methyl group,
a (3,4-dimethylphenyl)methyl group, a (4, 6-
dimethylphenyl)methyl group, a (2,3,4-trimethylphenyl)methyl

15 group, a (2,3,5-trimethylphenyl}methyl group, a (2,3,6-
trimethylphenyl)methyl group, a (3,4,5-trimethylphenyl)methyl
group, a (2,4,6-trimethylphenyl)methyl group, a (2,3,4,5-
tetramethylphenyl)methyl group, a (2,3,4, 6~
tetramethylphenyl)methyl group, a (2,3,5,6-

20 tetramethylphenyl)methyl group, a (pentamethylphenyl)methyl
group, an {ethylphenyl)methyl group, a (n-propylphenyl)methyl
group, a (isopropylphenyl)methyl group, a (n-butylphenyl)methyl
group, a (sec.-butylphenyl)methyl group, a (tert.-
butylphenyl)methyl group, a (n-pentylphenyl)methyl group, a

25 (neopentylphenyl)}methyl group, a (n-hexylphenyl)methyl group, a
(n—octylphenyl)methyl group, a (n-decylphenyl)methyl group, a
(n-dodecylphenyl)methyl group, a (n-tetradecylphenyl)methyl

group, a naphthylmethyl group, an anthracenylmethyl group, etc.



will at least 7.0, preferably at least 7.3, nore preferably at |east 7.6.
The nelt index, I[err], of the hi gh pressure ethyl ene polyner for
use in preparing the extrusion conposition of the inventionis 5 | ess
than 6.0 g/10 mnutes, preferably less than 1.0 g/10 m nutes, nore
preferably | ess than 0.8 and nost pPéferably less than 0.5 g/ 10
m nutes. The density of the high pressure ethylene polynmer for use in
the invention is at least 0.916 g/cc, preferably at |east 0.917, nore

The de of the high pressure

giﬁgﬁgﬁglgoﬁéﬁkﬁgi H%Hg%giBﬁnﬁy}%£%§n%ﬁ§h§Fe%%%%%£ﬁ' i nterpol ymer (for
ncotate. 107 tarbdRoREnBRTHETT Sy TR Ber et Rl b rComso REnpere
Composi f1 on SELESFBPFSPPRR T4 Tt hestots, EMIHERE Fe” Grramine
I nt er pol ymer a%%?ﬁe%gﬁi:.tié)ci‘inceaﬁtgﬁsg{]@géc’%‘}dmb'% %u%%ggégggaéuéﬂ o Bét‘??é&:s .

pol ymeri zati on ni'ques 1N an I"ave or ctor using a

one free gadi i, td n, e ol e

t he react |50n g%%lrlllgséaﬁt%%% dSI ng_ 1% )zé\gﬁé'géh%%&oﬁhg%t ?ﬁ e z%#e#@%?gggﬁsgguch
as, for exanEJh%nBEcr Fgﬂﬁ% ;298 JrROBHIRRE a Ak A% Peolseduds HABhAzylox

transfer agents. Preterably, the high pressure efthylene polymer 1s produced
using an aut Qeloaye. reactor without the addition of a telogen due to
difficulty of manufacturing binodal nol ecul ar wei ght distributions in

a tubul ar process. EaipYes ., of Hhecafpl natdudn fok 2N AYt @¢| e RBAR! OIR® &nd
series or parallel with a tubular reactor is also suitable for nmaking the
inventive combagielp fexiabley 20yl gbdoumsiabhving @ctd 20 caebohtatdingd.r i bpétofitc can
be manufactured using such techni ques. Sui t abl e
free-initpat exathplepobyneudclzianyletdrpueseintl tdgha reeiydr gpoepsures-ao eyl
wel I known and include, but are not limted to, peroxides and oxygen.
Techni ques f gromexi i 3+hglyl grourhe amd-ttodyil eggotp ofa et H3Henley lpairpupr, s a
produced by high pressure polynerization are al so known and i ncl ude,
but are not Ridi-kgdylogrowxi n 2 fgielr gaotbeona zone-xekpergaanre a 3,4-
differential, 25 multiple initiator injections, extended reactor and post
reactor resi #¥Ayé OraeR, avd Myhdylgasonnl e 2,3, 4-trdmeéhyiphenyl group,

Sui t abl e hi gh gressure.ethylene pol ymer conpositions for use in preparing
t he a 2,3,5-trimethylphenyl group, a 2,3, 6-trimethylphenyl group, a

15 2,4,6-trimethylphenyl group, a 3,4,5-trimethylphenyl group, a
2,3,4,5tetramethylphenyl group, a 2,3,4,6-tetramethylphenyl
group, a 2,3,5,6-tetramethylphenyl group, a pentamethylphenyl
group, an ethylphenyl group, a n-propylphenyl group, an
isopropylphenyl group, a n—-butylphenyl group, a sec.-butylphenyl

20 group, a tert.-butylphenyl group, a n-pentylphenyl group, a
neopentylphenyl group, a n-hexylphenyl group, a n-octylphenyl
group, a n-decylphenyl group, a n-dodecylphenyl group, a n-
tetradecylphenyl group, a naphthyl group, an anthracenyl group,
etc. Among them, a phenyl group is preferable.

25 Those aryl groups may be substituted with one or more halogen
atoms such as fluorine atoms, chlorine atoms, bromine atoms or
iodine atoms; one or more alkoxy groups such as methoxy groups,

ethoxy groups, etc.; one or more aryloxy groups such as phenoxy



I nventive extrusion conposition include | ow density pol yethyl ene

(homopol yner) and et hyl ene I nterpolynerized wwth at | east one
[err],[err]-ethylenically unsaturated conononers, for exanple, 30 acrylic
acid, nethacrylic acid, nethyl acrylate and vinyl acetate. A suitable

t echni que for preparing useful highzﬁressure et hyl ene i nterpol yner
conpositions is described by MKinney et al. In US Patent 4,599, 392.
Whi | e both high pressure ethyl ene honopol yners and i nterpolyners are

bel i eved i | on h | pLyIerS are
e or red. wiET R 8L dhe i e AR By SR NR B el el phekpe

red. V) . | S ikl
Combri Se rom 0.1 (A BETeR: Ghi ot Snr Eareton e RBP Ao EY a'aky Rrod'e 1o

35 wei ght pemeentt, R’ and R® are ﬁ&‘é&@aa#g%?ilyl TIPS PIPFFRIted §iSh eBEal

PCT/ US95/ 14840 conononer, nost” prefe _
wei ght percerlr aoFanafBtocRASSd Sbdde tALAL, exa lé’?'(%ilitg%z P&Eﬁgc?icﬁggr

I nt er pol yner conposition. e su

CLTyLEnt, Ber oabe Lchaly 11540 KA 8580 EMA D ops, oyl e
and in U S. Bamethyl froup, 286Xl group, a n-propyl group,SdBStapbrably
| i near ethyl ene polyners differ significantly fromthe class of
group, a n-butyl group, a sec.-butyl group, a tert.-butyl group,
an isobutyl group, a n-pentyl group, a n-hexyl group, a cyclohexyl
group, etc.; and aryl groups such as a phenyl group, etc. Specific
10 examples of the silyl groups substituted with the hydrocarbon
groups having 1 to 20 carbon atoms include mono-substituted silyl
groups having 1 to 20 carbon atoms (e.g. a metylsilyl group, an
ethylsilyl group, a phenylsilyl group, etc.), di-substituted
silyl groups having 2 to 20 carbon atoms (e.g. a dimethylsilyl
15 group, a diethylsilyl group, a diphenylsilyl group, etc.), and
tri-substituted silyl groups having 3 to 20 carbon atoms {e.qg.
a trimethylsilyl group, a triethylsilyl group, a tri-n-
propylsilyl group, a triisoproylsilyl group, a tri-n-butylsilyl
group,eitri—sec.—butylsilylgroup,zatri-tert.—butylsilylgroup,
20 a triisobutylsilyl group, a tert.-butyldimethylsilyl group, a
tri-n-pentylsilyl group, a tri-n-hexylsilyl group, a
tricyclohexylsilyl group, a triphenylsilyl group, etc.). Among
them, a trimethylsilyl group, a tert.-butylsilyl group and a
triphenylsilyl group are preferable.
25 The hydrocarbon groups of these substituted silyl groups
may be substituted with one or more halogen atoms such as fluorine

atoms, chlorine atoms, bromine atoms or iodine atoms; one or more

alkoxy groups such as methoxy groups, ethoxy groups, etc.; one



pol yners conventional |y known as honogeneously branched |inear

et.hyl ene/[err]-ol efin copol yners descri bed, for exanple, by Elston
in US Patent 3,645,992, Substantially |inear ethylene polyners al so
differ significantly fromthe class of polyners known conventionally as
het er ogeneous Ziegler 10 pol ymeri zed | iZfear et hyl ene polyners (for
exanple, ultra | ow density pol yethylene, |inear |ow density

pol yet hyl ene or high density pol yethyl ene nade, for exanple, using the

L U o el RS YA 300 o Gerd SRR of BB Sp0Y.
(7 Om LS oSG chogs' AkEaLs LAY Mg b ancried Pigh T

o5 ) iDL, LaogRi ;06 i b PROL RSPV TRSRIGE R B
poLYTEr ! 2211 kALt Oy OBy BB NORIAD OB a6l el apore

Patent 5, @26, )&%[ﬁfesbé!f such a3l ¥ Brbfod/SraleRta ﬁe@ﬁéxg%@ou‘ff, £0R%hbaned
S bed by

geonetry cata (for exanple, "as descri tevens et al. in US

Pat ent 5, 064, ,C%nﬁbﬁré§F¥?té%d@bgpérfs§¢¥6§éﬁyiqﬂoh ,| & neaiy 83y lhedeps0

polymers, so Tong as the catal ysts are used consistent with the nethods

described in JgcRat-eitoxy grodp 2&2+426. apdtdRy Wy d, eat nSpdod/ Zrousha
pol ymeri zati on nmethods are al so described in PCT/US 92/08812 (filed

Cct ober 15, 188entdaweyesup i Be-sidkskangiald,ya ln-eeabxgtdndarea mrdedeebyyer s
and honopol yners are preferably made by using suitable constrained

geonetry cat ajrsiys, a aspentadiéyoxy groupphasi+«i qretbxyemmeiy yetat alfysng tsem,

di sclosed in US Application Serial Nos.: 545,403, filed July 3, 25 1990;
758, 654, 10i | e ri@aghicayberot, 4894thd%B, GBI farlded Septenberoip, ¢8R auwl
720,041, filed June 24, 1991. Sui t abl e
cocat al ysts frrefiesmbier.ein i nclude but are not limted to, for exanple,

pol ynmeric or oligoneric alum noxanes, especially nethyl alum noxane or
modi fi ed net hyl Thosgl gAkaBYaseop@deay fasr salosipgltutedswibh cond R iTPASS
Pat ent 5, 041,584, US Patent 4,544,762, US 30 Patent 5, 015,749, and/or US
Pat ent 5, 041 IEEB)9ess akers g4chnes t L1uQHming iaho@s, nehlessrai akeTRig, PrFH ne

form ng conpounds. Preferred cocatal ysts are inert, non-coordinatin% bor on
conpounds. atoms or iodine atoms; oné or more alkoxy groups such as methoxy

15 groups, ethoxy groups, etc.; one or more aryloxy groups such as
phenoxy groups; or one or more aralkyloxy groups such as benzyloxy
groups.

Examples of the aralkyloxy group for X*, X?, R', R}, R}, R%,
R® and R® are preferably aralkyloxy groups having 7 to 20 carbon

20 atoms. Specific examples of such aralkyloxy grouﬁ)s include a
benzyloxy group, a (2-methylphenyl)methoxy group, a (3-
methylphenyl)methoxy group, a (4-methylphenyl)methoxy group, a
(2,3-dimethylphenyl)methoxy group, a (2,4-
dimethylphenyl)methoxy group, a (2,5-dimethylphenyl)methoxy

25 group, a {(2,6-dimethylphenyl)methoxy group, a (3,4-
dimethylphenyl)methoxy group, a (3,5-dimethylphenyl)methoxy
group, a (2,3,4-trimethylphenyl)methoxy group, a (2,3,5-

trimethylphenyl)methoxygroup,aa(2,3,6-trimethylphenyl)methoxy



The pol yneri zation conditions for manufacturing the substantially |inear
ethyl ene interpol ymer conpositions used in the present invention are
preferably those useful in t he conti nuous sol ution pol ynerization
process, although the application of theaggesent i nvention 35 is not
liimted thereto. Continuous slurry and g phase pol ynerization processes
can al so be used, provi ded the proper catalysts and pol ynerization
conditions are enployed To pol ynerize the
-12- 9 -
PCT/ US95/ 14895°UP 2 ?é g’jqui an %té’lylll}’hf"nxl meth net p%lio;}lrpér § a(r%d 4écE)spoI ymers
useful in th : | $#ﬁggﬁ
catal ysts neg #@%§g§%ég%nii5caﬁﬂﬁéﬁ%ég%f % ehfér r%ﬂ?%ﬂ?f%ﬁ%@y ineaf&&
et hyl ene | 9 gperated such
g{gﬁ? 5 g ?—%éﬂﬁhe%ﬁki?ﬂeﬂ{/p o%!}P;H u?o

that the sub 17'ndar ene rnmed. That is,

POt al | po'YQErBZQt6ﬁ%bﬁ¥ﬁﬁkﬂﬂy¥§%eh9ﬁzhéﬂhbiy”§¥6hﬁr“% &, 3, gu%stantlally
i near et hyl ené” pofl ymer even when e sane catalysts are used
5 tetramethylphenyl)methoxy group, a (pentamethylphenyl)methoxy
group, an {(ethylphenyl)methoxy group, a (n-propylphenyl)methoxy
group, an (isopropylphenyl)methoxy group, a (n-
butylphenyl)methoxy group, a {(sec.-butylphenyl)methoxy group, a
(tert.-butylphenyl)methoxy group, a (n-hexylphenyl)methoxy

10 group, a (n-octylphenyl)methoxy group, a (n-decylphenyl)methoxy
group, a (n-tetradecylphenyl)methoxy group, a naphthylmethoxy
group, an anthracenylmethoxy group, etc. Among them, a benzyloxy
group is preferable.

Those aralkyloxy groups may be substituted with one or more

15 halogen atoms such as fluorine atoms, chlorine atoms, bromine
atoms or iodine atoms; one or more alkoxy groups such as methoxy
groups, ethoxy groups, etc.; one ©or more aryloxy groups such as
phenoxy groups; or one or more aralkyloxy groups such as benzyloxy
groups.

20 Examples of the aryloxy group for X!, X%, R!, R}, R}, R, R
and R® are preferably aryloxy groups having 6 to 20 carbon atoms.
Specific examples of such aryloxy groups include a phenoxy group,
a 2-methylphenoxy group, a 3-methylphenoxy group, a 4-
methylphenoxy group, a 2,3-dimethylphenoxy group, a 2,4-

25 dimethylphenoxy group, a 2,5-dimethylphenoxy group, a 2, 6-
dimethylphenoxy group, a 3,4-dimethylphenoxy group, a 3,5-
dimethylphenoxy group, a 2,3,4-trimethylphenoxy group, a

2,3, 5-trimethylphenoxy group, a 2,3, 6~trimethylphenoxy group, a



For exanple, in one enbodi nent of a polynerization process useful in making
t he novel substantially |linear ethylene polyners, a continuous
process is used, as opposed to a batch process.

Preferably, for substantially linear ethylene polyners, the polynerization
is 10 performed in a continuous solutioﬁGponnerization process.
Cenerally, manipulation of I[err]/I[err] while hol ding Merr]/Merr]
relatively low for producing the substantially |inear ethylene polyners

function of PedeSorriBnphydoupisky ¥rulin o detnyrene RO LRRRET Y dspub, &
br oduces. hi gied or SrEFREPEhPTEn gl St 2,87 Bna ot hEr ERRstBrishanon on o
hovel -oubst adECuEry &) Zedat Error et ARSR LBbLEN & IS0 0L e,
oo PO RSREER AL B Ny R A R aRehL S XY AB Bh PDT eSS
especi al | f%é%%&?ﬁ%%xg ar%’ifdg%*)ta n- ropgggﬁggs?gﬁg% ,rgﬁqts%reag}aﬁggﬁoxy

General ly, ymeri t enper a conti nuous I ocess,

usi ng constrai geo f%%&nolo L rdfodd
250[err] C. | 1@1%% ar ?o%gggyfﬁoﬁ%ﬁ‘\f g Wei gﬁt ggfst?}lggtj}%@%ﬁ%o ydn% B8
(Merr]/Merry@f Hhegugnensd Ruglav rghexlighenok)egrdip | & - ratio (for
exanple I[err]/1[err] of abou or nore, preferably at |east about 8,
especi al |y aldtgapheabitlgrdup, Sa HegédEibhenoxy gihep £hhHtrie adeagepheadxen
in the reactor is preferably not nore than about 8 percent by wei ght of

the reactor ¢edlents, nepperday |yrowyd, ey antthagcahony Grpescesntc by wei ght of
the reactor contents, and nost especially not nore than about 4
percent hg wei ght Ghotbeargbstprgmamisentsy. babsubstituted with one Themore
substantially |inear ethylene interpolynmer conpositions for use in the

i nvention ar éadbaeacheongesuas dmvilngprine atoms, chléminea atedns,f lhemiat o,
I[err]/1[err] [err] 5.63, (b) a nol ecul ar wei ght

di stri buti onat®mer of/ivdinrg atansdeins Gimedroyagalxyperasnsi sitch as methoxy
chromat ography and defined by the equation: 30

(M err]/M er grpubssr gtiioxergdqurser ¥ - @r@ePr more aryloxy groups such as

phenoxy groups; or one or more aralkyloxy groups such as benzyloxy
15 groups.
Examples of the di-substituted aminc group for X, X?, R,
R?, R}, R}, R’ and R® are amino groups which are substituted with
two hydrocarbon groups. Here, examples of the hydrocarbon groups
include alkyl groups having 1 to 10 carbon atoms such as a methyl
20 group, an ethyl group, a n—pfopyl group, an isopropyl group, a
a n-butyl group, a sec.-butyl group, a tert.-butyl group, an
isobutyl group, a n-pentyl group, a n-hexyl group, a cyclohexyl
group, etc.; aryl groups having 6 to 10 carbon atoms such as a
phenyl group; aralkyl groups having 7 to 10 carbon atoms, etc.
25 Specific examples of such amino groups substituted with two
hydrocarbon groups include a dimethylamino group, a diethylamino
group, a di-n-propylamino group, a diisopropylamino group, a

di-n-butylamino group, a di-sec.-butylamino group, a di-



(c) a gas extrusion rheol ogy such that the critical shear rate at onset of

surface nelt fracture for the substantially |inear

et hyl ene polynmer is at |east 50 percent greater t han t he
critical shear rate at the onset of surface nmelt fracture for a |inear

et.hyl ene pol ymer, wher ei4Y t he substantially |inear

et hyl ene pol yner and the linear ethylene 35 pol ymer conpri se
t he sane conononer conononers, the linear ethyl ene pol yner

has an | [err]t?%er r‘l‘&%}ﬁ? andug?ny LY ﬁuh:yrlatmel PYBERL of Lhe -

substantially
18 aty Rk hino grou di-n-hexylamino grou di-n-
EET{U?QF/1ﬁ845 Y pf pyia ) g Bbly N whérern ohe Péspectlve
itical shear es. 0 S 1t e ene
polyrer anc et ahiBpedihar deaé@é%‘lé*‘%i‘é"u“r%da SiEpspvianine SR
enper at ure usi - (d) a single
differenti al % %nﬁ%ﬁeﬁé}lﬁaﬁ%ﬁgégg@tl ng pea bet ween -30 and °
150[err] C.g tyldimethylsilylamino FRS UQ@&a”%bbYtﬂéxﬁ‘eardﬁﬁMﬁ%mo

|nterpolyners Us ventlon essentla |y
group and a diethylamino group are preferable.

Those di-substituted amino groups may be substituted with
one or more halogen atoms such as fluorine atoms, chlorine atoms,
bromine atoms or iodine atoms; one or more alkoxy groups such as

10 methoxy groups, ethoxy groups, etc.; one or more aryloxy groups
such as phenoxy groups; or one or more aralkyloxy groups such as
benzyloxy dgroups.

The substituents RY, R?, R®, R}, R® and R® may optionally be
bonded to form a ring.

15 Preferable groups for R' include alkyl groups, aralkyl
groups, aryl groups and substituted silyl groups.

Preferable groups for X' and X* include independently each
other halogen atoms, alkyl group, aralkyl group, alkoxy groups
aryloxy groups and di-substituted amino groups, and halogen atoms

20 and alkoxy groups are more preferable.

Examples of the elements of the 16 groups of the Periodic
Table represented by X* in the formula [II] or [III] include an
oxygen atom, a sulfur atom, a selenium atom, etc. Among them,
an oxygen atom is preferable.

25 Preferable examples of the transition metal complex of the
formula [I] are as follows:

—Transition metal complex of the formula [I] in which J is a carbon

atom:



| ack a neasurable "high density" fraction as neasured by the TREF

techni que. The substantially | i near ethyl ene interpolyner generally
do not contain a polyner fraction with a degree of branchi ng | ess
than or equal to 2 nethyls/ 1000 carbons. The "high density pol yner
fraction" can 10 al so be described as a“pol yner fraction with a degree of
branching | ess than about 2 nethyl s/ 1000 carbons. Anobng ot her
benefits, the lack of a high density polynmer fraction permts inproved

coating smoothnges, oI {&ca@geingégagggggﬁ @Id;ﬁ?ééﬂﬁs—z@%h\éﬁbky?%i%&ﬂﬁu“ﬁed

film coating city.

Det erm nati on qu_r¥i4£itﬂé%ﬁyf%ﬁ%gFyégéﬁéﬁﬁé§f§4¥ﬂ”¥§‘t%Q%quﬁE9QS§'in

regards to ne?}c deture-as eol ogy properties such as

"1 heol ogi cal e@gﬁé@@,ﬁf(%@d@ﬁaﬁ:ﬁhbri&é, methy R&ld &fy@%p%%itaaiéngﬁ (3-

extrusion rh e gas extrusion Theoneter is described by M

Shida, RN. Sh £ g _fanchasl BN R ikl oG ence Vol . 17,
No. 11, p. 77%8%§9$£§%§1\é aﬁg ?nﬁpgﬁg%ggéérs for ﬁbltgn Pl astics" by

John Deal 3F/§ pﬁg&%i;&qe Ry M Meskn 8Rg1 R@ﬁ%ﬂl-@-phenoxfy)ﬁ:l@&ﬁiuﬂn Pp.

97-99. GER experiments dre perforned at a tenperature of 190[err]C, at
nitrogen 20 4PERESH &S, BRIMRARNEICYEPoHENDa @By USiFGeatQ-~-0754 MM

dianeter, 20:1 L/D die with an entrance angl e of 180. For the
substanti al | ypht pe@fmetiyl £in6/ 1pG-naeh g dessiiéneoy ) tereiniun ke cRLorsdehe
appar ent viscosity (in kpoise) of a material nmeasured by GER at an

appar ent sheamnethyesse ddydcdentatiiényl) (3-thyired thiflevirllyl -Phaedbidtantial | y

| i near ethyl ene polyner for use in the invention are ethyl ene

i nt er pol ymer sphendg) i tRinium tdiehlangde pf metiORl dpoicys iopeddakpenyd) (3-
preferably 15 kpoise or |less. The 25 substantially linear ethylene

pol yners 1sedtéet etiutial-eb-amethaxysg-phenowy) eiftrnium dehjerdesr of the

Pl of a linear ethylene polyner (either a conventional Ziegler polynerized
pol ymer or a hehewiene (cyclonendadignylhhdheer potiketl s cdd9&PirBed by El ston
in US Patent 3,645,992) having an I[err], Merr]/Merr] and density,
each within tehepexyehttaiiuhalishderadeially |inear ethyl ene pol yners.

The rheol ogi cal behavior of substantially |jnear_ethylen ol yners can al so
be 30 chara@?éhyk%%ﬁKﬂﬁ§h¥QQXﬁk°REQBP8b9nY%Hgi;?T%%%%é3§14%ﬁ expresses a

polymer's "norpalized g,ax%ti on time as the result of long chain

. . I
branchi ng. * (Beenoxy) firandim @igPIRATLERt ANTEC 93
15 methylene (methylcyclopentadienyl) (3-tert.-butyl-2-

phenoxy) titanium dichloride,
methylene (methylcyclopentadienyl) (3-tert.-butyl-5-methyl-2-
phenoxy) titanium dichloride,
methylene(methylcyclopentadienyl)(3—phenyl—2—phenoxy)titanium
20 dichloride, methylene{methylcyclopentadienyl) (3-tert.-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
methylene(methylcyclopentadienyl)(3—trimethylsilyl—5—methyl-
2-phenoxy) titanium dichloride,
methylene (methylcyclopentadienyl) (3-tert.-butyl-5-methoxy-2-
25 phenoxy)titanium dichloride,
methylene(methylcyclopentadienyl)(3—tert.-butyl—S—chloro—Z—
phenoxy) titanium dichloride, methylene(tert.-

butylcyclopentadienyl) (3, 5-dimethyl-2-phenoxy) titanium



Proceedi ngs, INSITE[err] Technol ogy Polyolefins (ITP) - New Rules in the
St ruct ur e/ Rheol ogy Rel ati onship of Ethylene [err]-d efin Copol yners,
New Ol eans, La., May 1993). DRI values range fromO for polyners
whi ch do not have any neasurable | ong cha #g branching (for exanple, 35
Taf mer products available from M tsui Petfochem cal Industries and
Exact[err] products avai |l abl e from Exxon Chem cal Conpany) to about
15 and is independent of nelt index. In general,
-14- : WO, 96/ 161 _ 1) (3-tert.-
hCT Usos/ 14a8en 107136, ‘Retiylene (tert —butylc el oReR A oS Yrear s
(particularl | gwe I thyl A Q4 correl ations
%‘%V}ygaﬂé ﬁg%i %eafr4q?dle kgagreTe i

to nelt elas atlve to correlatlons of

the > P31 EoRe gn%&:?er?ﬁ )t (e, ahh@?l _EOfethigr substantial |y

| i near ethyl éne po s use IsTinvention, DRI is preferably

00O SRR ot S apdmrteseptolal1y ol S

5 butylcyclopentadienyl) (3-phenyl- -2-phenoxy) titanium dichloride,
methylene (tert.-butylcyclopentadienyl) (3-tert.-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
methylene(tert.—butylcyclopentadienyl)(3—trimethylsilyl-5—
methyl-2-phenoxy) titanium dichloride, methylene (tert.-

10 butylcyclopentadienyl)(3—tert.—butyl—5-methoxy—2—
phenoxy) titanium dichloride, methylene (tert.-
butylcyclopentadienyl) (3-tert.-butyl-5-chloro-2-
phenoxy) titanium dichloride,
methylene(tetramethylcyclopentadienyl)(3,5-dimethyl—2—

15 phenoxy)titanium dichloride,
methylene(tetramethylcyclopentadienyl)(3-tert.—butyl—2—
phenoxy) titanium dichloride,
methylene(tetramethylcyclopentadieny1)(3—tert.—butyl—5—
methyl-2-phenoxy) titanium dichloride,

20 methylene (tetramethylcyclopentadienyl) (3-phenyl-2-
phenoxy) titanium dichloride,
methylene (tetramethylcyclopentadienyl) (3-tert.-
butyldimethylsilyl-5-methyl-2-phenoxy) titanium dichloride,
methylene(tetramethylcyclopentadienyl)(3-trimethylsilyl—5—

25 methyl-2-phenoxy)titanium dichloride,
methylene (tetramethylcyclopentadienyl) (3-tert.-butyl-5-
methoxy-2-phenoxy) titanium dichloride,

methylene(tetramethylcyclopentadienyl)(3-tert.—butyl-5—



DRI = (3652879 * [err]/[err])/ 10 where [err] is the
characteristic relaxation tine of the material and [err] is the zero 10
shear viscosity of the material. Both [err]and [err] are the "best fit"

val ues to the Cross_ equation, that is,

[err]=21/(1 +([err])[err]) 15 30 where n is the power

| aw i ndex of the material, and [err] and [err] are the neasured

viscosity and shear rate, respectively. Baseline determ nation of viscosity

d hear. e d . i ned [ Rh [
Vochani cal SpERiPEREA eI CL el L BB AdD A a0 IS e R e e

sweep nmode fromO.1 to,100 r.ad) / 0 r ; -

Ext rusi on Rhe%%t?%#er(?ﬁlqna g)%’%?‘égliggggr %Ié%%%lsérﬁ{lo)ngi%ggdﬁgs@? f1025, 000
psi (6.89 to : . : 4 MPa), which corresponds to shear
stress from O.gg%mt%) ‘bl.%”n‘iﬂ‘a,dlﬁéﬁlﬁglgéb. 7521 P mm

fmer 20 dodfhdhe e T D AR o
accommodate ngl L, Lpdexs Va0t iAR%loride,
methylene (trimethylsilylcyclopentadienyl) (3-tert.-butyl-5-
methyl-2-phenoxy) titanium dichloride,
methylene (trimethylsilylcyclopentadienyl) (3-phenyl-2-
phenoxy) titanium dichloride,

10 methylene (trimethylsilylcyclopentadienyl) (3-tert.-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
methylene (trimethylsilylcyclopentadienyl) (3-trimethylsilyl-5-
methyl-2-phenoxy) titanium dichloride,
methylene (trimethylsilylcyclopentadienyl) (3-tert.-butyl-5-

15 methyxy-2-phenoxy)titanium dichloride,
methylene(trimethylsilylcyclopentadienyl)(3—tert.—butyl—5—
chloro-2-phenoxy) titanium dichloride,
methylene (fluorenyl) (3, 5-dimethyl-2-phenoxy) titanium
dichloride, methylene (fluorenyl) (3-tert.-butyl-2-

20 phenoxy)titanium dichloride, methylene (fluorenyl) (3-tert.-
butyl-5-methyl-2-phenoxy) titanium dichloride,
methylene (fluorenyl) (3-phenyl-2-phenoxy) titanium dichloride,
methylene (fluorenyl) (3-tert.-butyldimethylsilyl-5-methyl-2-
phenoxy) titanium dichloride, methylene(fluorenyl) (3-

25 trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
methylene {fluorenyl) (3-tert.-butyl-5-methoxy-2-
phenoxy)titanium dichloride, methylene (fluorenyl) (3-tert.-

butyl-5-chloro-2-phenoxy) titanium dichloride,



An apparent shear stress versus apparent shear rate plot is used to
identify the 25 nmelt fracture phenonena and quantify the critical shear
rate and critical shear stress of ethylene pol ymers. According to
Ramanurthy in the Journal of Rheol ogy 30(2&, 337-357, 1986, above a
certain critical flowrate, the observed éttrudate irregularities nay be
broadly classified into two mai n types: surface nelt fracture and
gross nelt fracture. Surface nelt fracture occurs

under apparently steady flow conditjons a ranges in 30 , detail fromloss
of specul ar f%qQHﬁﬂﬁﬁéédFBeﬁﬁgc %“E%gﬁ?éﬂsdﬁwgoﬁlmSEBYES%in." Herein, as
det erm ned usi_n th% a%ove-de cr%fed. R, the onset of surface nelt
fracture (CSW@F oXy) titandym, ieRtOLHtPat t he begi nni ng of | osing extrudate
gl oss at which the syrface roughne f 1 _ ex te_can only be

det ect ed by 4GCHREEN §88F58X993%33€§#%%%i¥3(ghggftfaﬁégg? he onset of
surface 96/.161 .

PCT/U895/148@§enoxy»¥9taﬁéPg %?%%%?E%F?TN the substantially linear ethylene

the orit) al hio R R RRLE Bk bRe R ad BN ceort B e A O B e
ethyl ene pol yiRL, haying 636Nk hl e fdle, sare [err] and Merr]/Merr].
Gross nelt fracture’'occurs at unsteady extrusion flow conditions and ranges
in detail isopropylidene(cyclopentadienyl)(3-phenyl-2—phenoxy)titanium
dichloride, isopropylidene{cyclopentadienyl) (3-tert.-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,

10 isopropylidene(cyclopentadienyl)(3—trimethylsilyl—S-methyl-Z—
phenoxy) titanium dichloride,
isopropylidene(cyclopentadienyl)(3—tert.—butyl-S—ﬁethoxy—Z—
phenoxy)titanium dichloride,
isopropylidene (cyclopentadienyl) (3-tert.-butyl-5-chloro-2-

15 phenoxy)titanium dichloride,
isopropylidene (methylcyclopentadienyl) (3, 5-dimethyl-2-
phenoxy) titanium dichloride,
isopropylidene (methylcyclopentadienyl) (3-tert.-butyl-2-
phenoxy) titanium dichloride,

20 isopropylidene (methylcyclopentadienyl) (3-tert.-butyl-5-
methyl-2-phenoxy) titanium dichloride,
isopropylidene (methylcyclopentadienyl) (3-phenyl-2-
phenoxy) titanium dichloride,
isopropylidene (methylcyclopentadienyl) (3-tert.-

25 butyldimethylsilyl—5—methyl—2—phenoxy)titanium dichloride,
isopropylidene (methylcyclopentadienyl) (3-trimethylsilyl-5-
methyl-2-phenoxy) titanium dichloride,

isopropylidene (methylcyclopentadienyl) (3-tert.-butyl-5-



5 fromregular (alternating rough and snooth, helical, etc.) to random

di,stortions. For conmerci al acceptability and maxi num abuse
properties of filnms, coatings and profiles, surface defects should be
mnimal, if not absent. The critical shear stress at the onset of gross
melt fracture for the subst anti al | y3Bi near ethyl ene pol yner
conpositions used in the invention, especially those having a density

>0, 910 g/cc, is greater than 4 x 106 dynes/cnR2. The critical shear rate at
the onset of 10 surface nel& ftacture (gﬁpﬁ)dgnd the onset of gross nelt
fracture (OGWOthRY-258heeedYhEL BR WuLHfFN1orides (he changes of surface

h d fi ati h dag. d.b

Proforably. (POHTORIIIOERE (RRGBHEFERL ORI VAN Al Pyt 1 L RESP eyl ene
pol ymer conposition will . be Chaﬂ%ﬁ%%?%@%% bXst?oE&ii&& L (shear_rate,

hor 1 han” e A 2 phengy) 1By RUE AR, & Il
[?;egi Ee?p][olefin ol mers. hik thga.ﬂk g@ggﬂghxx @ggQﬁEmESantla Y
et hyl ene a-mhﬁﬁ%P%ﬁﬁ§ﬁéP 8§ﬁﬁo¥|f§ohs consi ting-a S|n8Fe pol yrer

t teri.al . . ; i i i i K.

The si nol & miiTRg e teopseElE ARl DS P A LRI

cal orineter stgndandizad w LRdi &iUH125d gwat er . The met hod
i nvol ves 5-7'%g Sa%%#§ﬁ333§§9n299}?$%t eatﬂ‘to about 140[err]C which is

hel'd for 4 minutes, 4 icRek FQ¥WR  —butyl&ciaitaldidng1) (8-tdot erph&yma-ch is
held for 3 ninutes}ngﬁggﬁgé?gup atul é?%%%ﬁito 130[2}r]c for the "second 20

heat". The sipnghg mel tiRgoRGK: tantaked dHipilde 'isepebdyheathe heatt f+ ow
VS. tenperature curve. Total heat of fusion of the polyner is

cal cul ated frngmJhe;Aiprntadeeny NP (SLsNehyl-2-phenoxy) titanium didkdpride,
substantially |i'near ethyl ene pol yner conpositions having a density of

0.875 10 9 &Soridh i idkdegteet . thet glopt bpeitddignydak 3ragrshow, dependi ng
on equi pnent sensitivity, a "shoul der” or a "hunp" on the |ow nelting
side that consjt¢idiesthedsitlyarsitepeyehtphangidliftpnips diekdorhder 9
percent, and nore typically less than 6 percent of the total heat of fusion
of the pdprropy] iSecle (e rar tbbibyl cysl aprdradileng 1) d8-drheethylsilyl-
homogeneously branched pol yners such as Exact[err] resins and is

di scerned on’ $+eetiasi-2-ehenbays kdpenbim t echsliawgide  ndlseprgPpearenart e Ry ~
monot oni cal |y through the nelting region of the artifact. Such an artifact
occurs mﬁthirbuﬁqkﬂqugpentadlepygﬂé%TF%IVMTbﬂﬁY%Tﬂﬁ&%?Feﬁyaﬁa nore typically
within 20[err]C of the neLtin%,point,of t he single neltin%

15 phenoxy)titanium dichloride, isopropylidene (tert.-
butylcyclopentadienyl) (3-tert.-butyl-5-chloro-2-
phenoxy) titanium dichloride,
isopropylidene(tetramethylcyclopentadienyl)(3,5-dimethyl—2—
phenoxy) titanium dichloride,

20 isopropylidene(tetramethylcyclopentadienyl)(3—tert.—butyl—2—
phenoxy) titanium dichloride,
isopropylidene(tetramethylcyclopentadienyl)(3—tert.—butyl—5-
methyl-2-phenoxy) titanium dichloride,
isopropylidene (tetramethylcyclopentadienyl) (3-phenyl-2-

25 phenoxy)titanium dichloride,
isopropylidene (tetramethylcyclopentadienyl) (3-tert.-
butyldimethylsilyl-5-methyl-2-phenoxy) titanium dichloride,

isopropylidene (tetramethylcyclopentadienyl) (3-trimethylsilyl-



30 peak. The heat of fusion attributable to an artifact can be separately

deterrined by specific I ntegration of its associated area under the
heat flow vs. tenperature curve. The nol ecul ar wei ght
di stribution of the ethylene [err]-olefin interpolyner conposi tions

and the high pressure ethyl ene pol ymer compositions are determ ned by gel
perneati on chromat ography (GPC) on a Waters 150 hi gh tenperature
chr omat ographi ¢ unit 35 equi pped with differential refractonmeter and

three columms_of m xed pqrosity. .The,.col S, are supplied by Pol yner
Labor at ori es 3%%@'&'%“%%5&%@81Wt‘ﬁf%&%%rlsqez’es of 10[err], 10[err],
&858%5%6?28 isopropylidene(tetramethylcyclopentadienyl)(3—tert.—butyl—516'

PCT/ US95/ 14840 1 Y 0 o] ' ,2,4-trichl orobenzene,

from whi ch 0.%e%?%—&_%e%§élﬁlt§gﬁﬁﬁi %%gﬁo?if%%’ sanpl es are

prepared for |njection. . The.fl r ' 1] 4 L Jqer & nut e hig-

Cporating | HopEmaaeii car b1 bicTobefdddqn i) (CRRTE Souk P 58

m crol i ters. ch10fo—2—pq$nq( ) titaniumN8i8R1 SEHAr wei ght determination with
ackbo

respect to thé polyner ne 1s
isopropylidene(trimethylsilylcyclopentadienyl)(3,5—dimethyl-
2-phenoxy) titanium dichloride,
isopropylidene(trimethylsilylcyclopentadienyl)(3-tert.—butyl—
2-phenoxy) titanium dichloride,

10 isopropylidene(trimethylsilylcyclopentadienyl)(3—tert.-butyl—
5-methyl-2-phenoxy) titanium dichloride,
isopropylidene (trimethylsilylcyclopentadienyl) (3-phenyl-2-
phenoxy) titanium dichloride,
isopropylidene (trimethylsilylcyclopentadienyl) (3-tert.-

15 butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
isopropylidene (trimethylsilylcyclopentadienyl) (3~
trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
isopropylidene (trimethylsilylcyclopentadienyl) (3-tert.-butyl-
5-methoxy-2-phenoxy) titanium dichloride,

20 isopropylidene(trimethylsilylcyclopentadienyl)(3—tert.—butyl—
S5-chloro-2-phenoxy)titanium dichloride,
isopropylidene (fluorenyl) (3, 5-dimethyl-2-phenoxy) titanium
dichloride, isopropylidene(fluorenyl) (3-tert.-butyl-2-
phenoxy) titanium dichloride, isopropylidene (fluorenyl) (3-

25 tert.-butyl-5-methyl-2-phenoxy)titanium dichloride,
isopropylidene {fluorenyl) (3-phenyl-2-phenoxy)titanium
dichloride, isopropylidene(fluorenyl) (3-tert.-

butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,



5 deduced by using narrow nol ecul ar wei ght distribution polystyrene
standards (from Pol yner Laboratories) in conjunction with their

el ution volunes. The equi val ent pol yet hyl ene nol ecul ar wei ghts are
determ ned by using appropriate Mark-Houw nk coefficients for polyethylene
and pol ystyrene (as described by WBRianms and Ward in Journal of

Pol ymer Science. Polyner Letters, Vol. 6, p. 621, 1968) to derive the
foll owi ng equati on: Mpol yet hyl ene

10

0. 3316 and b 1sbRrORVERGhe (ShePEERY Mol ae UL ghLT LT v 2 o
Co e o e T TERCl AERr D0 g Lo R Lot s Mer ] =
e o AN (e el Bl e Al ok PP Y 1 bl B dl S 1defdgct i on el uting
t hyl |y ; | ent ility, despit
i ng ' 1 el SEETERURASPOR rbet R e GPE Y BT (Tt 15, the

/ L0y ' S:f han 3.5, f bly I than 2.5,
ana rore. b ePBeRsiy) FESRPRENMIMGRREETR, i noy VIR Frght of di sel osur es
by Doh N . di
1965, " Res, SUARS Foubr BN o LT P e na o Derar 15 Bl yet nyl ene

Thr ough phefR&QYedtResing &eshiisiadlage 28-30) and unli ke honpgeneously
and het er ogeneousl y branched | i near ethylene polyners, the nelt flow
ratio (I[err ]dibﬁa_%h?]ﬁne_eﬁy%lﬁé?@ﬁlcﬂiéﬁtddi’é@@&) qBhybene-potyrezrs  can
be varied essentially independently of the nol ecul ar wei ght distribution,
Merr]/ M errpheddxy) Ae€ahdimoliychideidqy,eferred ethylene [err]-olefin
interpolynmer for use in preparing the inventive

10 diphenylmethylene (cyclopentadienyl) (3-tert.-butyl-5-methyl-2-

phenoxy) titanium dichloride,

diphenylmethylene (cyclopentadienyl) (3-phenyl-2-
phenoxy) titanium dichloride,

diphenylmethylene (cyclopentadienyl) (3-tert.-

15 butyldimethylsilyl—5-methyl—2—phenoxy)titanium dichloride,
diphenylmethylene (cyclopentadienyl) (3-trimethylsilyl-5-
methyl-2-phenoxy) titanium dichloride,
diphenylmethylene (cyclopentadienyl) (3-tert.-butyl-5-methoxy-
2-phenoxy) titanium dichloride, |

20 diphenylmethylene (cyclopentadienyl) (3-tert.-butyl-5-chloro-2-
phenoxy) titanium dichloride,
diphenylmethyléne(methylcyclopentadienyl)(3,5—dimethyl—2—
phenoxy)titanium dichloride,
diphenylmethylene (methylcyclopentadienyl) (3-tert.-butyl-2-

25 phenoxy)titanium dichloride,
diphenylmethylene (methylcyclopentadienyl) (3-tert.-butyl-5-
methyl-2-phenoxy) titanium dichloride,

diphenylmethylene (methylcyclopentadienyl) (3-phenyl-2-



extrusion conposition is a substantially |inear ethylene polyner.
Substantially linear ethylene polyners are honogeneously branched et hyl ene
polymers and are disclosed in U 'S. Patent No. 5,272,236 and U.S. Patent No.
5,278, 272. Honogeneously branched substantially |inear ethylene

pol ymers are avail able from The Dow 30 &heni cal Conmpany as Affinity[err]
pol yol efin plastoners, and as Engage[err] polyolefin el astoners.
Hanogeneously branched substantially |inear ethylene polyners can be

prepared by t contin ufion, slurry, or gas phase
polynerlzat|BHGBPXXQH}F%ﬁ%u%nglshébﬁﬁ& Store optional a- olefin

S?“g‘é{‘ﬁs”‘é&s.:r]”l%*ﬂ%n BRLRELA éﬁ%ﬁ@) S”}@&?‘*‘%ﬁggﬁﬁ%ﬁaﬁ& Teferably a
sol ution po y gﬁggﬁxg % |nt §ﬁy%%%h%iogyF@BF%@f&ﬁ”éﬁéﬂ%brlde,_

substanti al | use e present Invention.

-17- -
3-t hylsilyl-5

PCT/U895/148&Bphenygme%gy}ene(methylcyc%&aﬁﬁtadﬁenxl)( lmeﬁ ¥ y

ecu
architectyre ditfsrs phanbliFartlyidd ik 106,  he
diphenylmethylene(methylcyclopentadienyl)(3—tert.—butyl—5—
methoxy-2-phenoxy) titanium dichloride,
diphenylmethylene(methylcyclopentadienyl)(3—tert.-butyl—5—
chloro-2-phenoxy) titanium dichloride,

10 diphenylmethylene(tert.—butylcyclopentadienyl)(3,5—dimethyl—
2-phenoxy) titanium dichloride, diphenylmethylene (tert.-
butylcyclopentadienyl)(3—tert.—butyl—2-phenoxy)titanium
dichloride, diphenylmethylene(tert.-butylcyclopentadienyl)(3—
tert.-butyl-5-methyl-2-phenoxy) titanium dichloride,

15 diphenylmethylene(tert.—butylcyclopentadienyl)(3-phenyl—2—
phenoxy) titanium dichloride, diphenylmethylene (tert.-
butylcyclopentadienyl)(3—tert.—butyldimethylsilyl-S-methyl—Z—
phenoxy) titanium dichloride, diphenylmethylene(tert.-
butylcyclopentadienyl)(3—trimethylsilyl—5-methyl~2-

20 phenoxy)titanium dichloride, diphenylmethylene (tert.-
butylcyclopentadienyl) (3-tert.-butyl-5-methoxy-2-
phenoxy) titanium dichloride, diphenylmethylene (tert.-
butylcyclopentadienyl) (3-tert.-butyl-5-chloro-2-
phenoxy) titanium dichloride,

25 diphenylmethylene(tetramethylcyclopentadienyl)(3,5—dimethyl—
2-phenoxy) titanium dichloride,
diphenylmethylene(tetramethylcyclopentadienyl)(3—tert.—butyl—

2-phenoxy) titanium dichloride,



substantially |inear ethylene pol yner conpositions, honbgeneously branched
| i.near ethyl ene pol ymer conpositions are also useful in this

i nvention. Single site polynerization catalysts, (for
exanpl e, the nonocycl o- pent adi enyl 5 transition netal olefin

pol ynmeri zati on catal ysts descri bed by Cani¥h in US Patent 5,026,798 or by
Canich in US Patent 5,055,438) can be used to prepare honogeneously
branched |inear ethyl ene pol yner conpositions. As exenplified in U S

. 3,645, 99 | h | \ d.Li.pea _

Coholene bor Vihemastriang r RO REERG O Nopentaqi AhGRE 180 LER S Bhur y1

l i ti i s -t , t h , f | e,
Yo e B LR £1 P Pl SRS Sheh B0 Lo e
i U S. Pat , ) 2 71 .t j | 4t i di _th
Loe ot cor ar DSt iy Ehel @ TRthathy fovet nentBlas i ftsObfighgees- L he
honogeneous! ybr.A0Enad Jiear cSLRYLeRgepol yrer bl ends.

arche ethy

I—ionngeneouslyp ¥ I near ene polyners are typically characterized
as Vi h&ﬁ%gar [ LEh &1 OwLi lehkAM(8Ltbrtof about 2.
Connercia%aefgﬁgﬂggﬂb eﬁﬁgﬁgggﬁggus?y@%%éﬁgﬁéd Iineaykethylene pol ymer
Conposi ti ons gy ?cbﬂ HHY 118 y1neabtRY1 L Achrieoxy) titahhamedsehlobydd) t sui
Petrochenicafé#%§usﬁ%i§§’as ?gfner[er?] ?@%ins g%d by Exxon Chem ca

Conpany dfﬁhé%f%ﬂeﬂHyﬂéﬁé(tetramethylcyclopentadiéﬁb&)KBFHB
"het er ogeneous et hyl ene pol yner"” and "het er ogeneously branched

et hyl ene pol ygeime tans tihat-s-he telhyb epeeotyneitdrs vahaiahlerided as a
m xture of interpolyner 20 nol ecul es havi ng vari ous ethyl ene to coionomner

nol ar rati 0s.dijs e Pigesteousinge (tearahethylcycl@idntastienyd)) Fetsrhir ebutyl-
characterized as having a short chain branching distribution index

(SCBDI ) Igss $-heatradou2-3thanenxye titl tadl im kdbeinl drsitder,ogeneousl y br anched

et hyl ene polyners are | i near and have no neasurabl e or denonstrable
| ong chai n brahstemyglmeigtydrengetetuang thy haytkepentadianyded B-Eehyh et yl-
polymers are available from The Dow Chem cal Conpany as Dowl ex |inear 25
| ow density potgieldmnd-chehendxys tateanunedt¢hlerkae/ ow density pol yet hyl ene

resins.
diphenylmethylene (trimethylsilylcyclopentadienyl) (3, 5=

dimethyl-2-phenoxy) titanium dichloride,

15 diphenylmethylene (trimethylsilylcyclopentadienyl) (3-tert.-
butyl-2-phenoxy) titanium dichloride,
diphenylmethylene (trimethylsilylcyclopentadienyl) (3-tert.-
butyl-5-methyl-2-phenoxy)titanium dichloride,
diphenylmethylene(trimethylsilylcyclopentadienyl)(3—phenyl—2—

20 phenoxy)titanium dichloride,
diphenylmethylene (trimethylsilylcyclopentadienyl) (3~tert.-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
diphenylmethylene (trimethylsilylcyclopentadienyl) (3-
trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,

25 diphenylmethylene (trimethylsilylcyclopentadienyl) (3-tert.-
butyl-5-methoxy-2-phenoxy)titanium dichloride,
diphenylmethylene (trimethylsilylcyclopentadienyl) (3-tert.-

butyl-5-chloro-2-phenoxy) titanium dichloride,



Het er ogeneously branched |inear ethylene polynmers can be prepared by the

canti nuous, batch or sem -batch solution, slurry or gas phase

pol ymeri zati on of ethylene and one or nore optional a- ol efin
conononers in the presence of a Ziegler h@;}a catal yst, such as by the
process disclosed in U S. Patent No.” 4,076,698 to Anderson et al.
Pref erably, heterogeneously branched et hyl ene 30 polyners are typically
characteri zed as havi ng nol ecul ar wei ght distributions, Merr]/Merr], in
t he ran

branche? and ﬁgPﬁé%%Qﬁ%3§Q%§&%V§%%EEBY%% %f%ESQT%Q%FE3¥E$¥%S§§Q%ikxnium
and ot | ast BRERLarr S atR et IKE LT AR SRR ol AR gaaet v ene

represented b i.:ng. forndlas: 35 41 1) (3—
CHerr] = CHﬁ¥h&HSX§F%i£QH€@§é%f%%f%édé' diphenylmethylene (fluorenyl) (

PCT/ US95/ 148400 v | _putyl-5-methyl-YBhenbxyfr Sy dind CAldiloria@, cal havi ng
fromone to twenty carbon atons. The I nterpol ymeri zati on process can

be a sol uty Onii_i%{'xgz?iil/m@ﬂfhﬂaélé)(‘ﬁ%ﬂeﬁgmli(guﬁh&ﬁypolﬁﬁﬂ'@idx@')%itaniumt her eof .

Suitable[err Ins for use as conbnoner's include 1-propyl ene, 1-butene,
1-isobutyl enegidnioride, REBHEI I nbtAGIEAB ( f fusBétiyl - (3-peitttene, 1-heptene

and 1-octene, as well as other nononmer types 5 such as styrene, halo- or

al kyl - subst i t ghed18in&BNESs i TyEi-SinettBi0~ 2t Piérdrey) b trarli ure dd ety ol-ddet ane,
diphenylmethylene (fluorenyl) (3-trimethylsilyl-5-methyl-2-
phenoxy)titanium dichloride, diphenylmethylene (fluorenyl) (3-

10 tert.-butyl-5-methoxy-2-phenoxy)titanium dichloride,
diphenylmethylene (fluorenyl) (3-tert.-butyl-5-chloro-2-
phenoxy) titanium dichloride, etc.;
the above compounds in which titanium is replaced with zirconium
or hafnium;

15 the above compounds inwhichdichloride is replaced with dibromide,
diiodide, bis(dimethylamide), bis(diethylamide), di-n-butoxide
or diisopropoxide;
the above compounds in which (cyclopentadienyl) is replaced with
(dimethylcyclopentadienyl), (trimethylcyclopentadienyi), (n-

20 butylcyclopentadienyl), (tert.-
butyldimethylsilylcyclopentadienyl) or (indenyl);
the above compounds in which (3, 5-dimethyl-2~phenoxy) is replaced
with (2-phenoxy), (3-methyl-2-phenoxy), (3,5-di-tert.-butyl-
2-phenoxy), (3-phenyl-5-methyl-2-phenoxy), (3-tert.-

25 butyldimethylsilyl-2-phenoxy) or (3-trimethylsilyl-2-phenoxy};
-Transition metal complex of the formula [I] in which J is an

element of the 14 group of the Periodic Table other than a carbon

atom:



1, 4- hexadi ene, 1, 7-octadi ene, and cycl oal kenes, for exanple, cycl opentene,

cycl ohexene and cycl ooctene. Preferably, the [err]-olefin wll be

1- but ene, 1-pentene, 4-nethyl-1-pentene, 1-hexene, 1- hept ene,
1-octene, or mxtures thereof. More preferably, the [err]-olefin will be

1- hexene, 1- hept ene, 1-octene, or Rfxtures thereof, as coatings,
profiles and filns fabricated wwth the resultant 10 extrusi on conposition
wi |l have especially inproved abuse properties where such higher [err]-

e} o e SRR AR o d R BESheR SELERL I aibicni o
et ﬁSPéth“S“ilc@me#%vﬁeﬁg@‘iéié}gpe%a Mt sty o7 e SRy *ftﬂ; ASTM
D792, !?gtlgﬁl, 0.850
grans/cug{cuigiﬂﬂi’ntl fﬁ”%h?@%?i&ifg?é;h?%%ﬁ%rﬁkh¥l %Qd{ rom 0.86 g/cc
to 0.930 g/cg? Sggaggggﬂﬁlaléﬁgg%pe§7o g/ cc to 0. 920 g/ cc, and

nost prefera g/ cc 15 g/ cc. The

nnlecular wei f \LS nt dpcated using a
o O%L*Het‘fl R oD s S SHEY Bonai 11 o 1008 2. 16

kllogran1(kgnphg BRiY 2KB0MNdi chlorfde, Condition E* and al so known as
I[err]. Melt exis inversely proportlonal to the nolecular 20 wei ght

of the pol yrrl%hmerHys_,sﬂl (B8 hepeh fed Ter WO Ul 33k e, gBLit yl he-thetieylihe el t
i ndex, al though the relationship is not linear. The nelt index for
t he ethylene HIddxotatianiuft €1 erl yredes, useful herein is generally
from1l grani 10 mnutes (g/10 mn.) to 50 g/10 mn., preferably from1l
g/ 10 min. to BGneahlQstilyl,(cyolepeneidiablly) f¥,éGmdi-gLt0. Abutyl-oe2-20 g/ 10

mn., nore preferably from1.0 g/10mn. to 10 g/10 m nutes. 25

Qt her neagur ok wsdtahium dhahbetsié,zi ng t he nol ecul ar wei ght of
ethylene [err]- olefin interpolyners conpositions involve nmelt index
det er mi nat i ordsimttHyUsiidlyén cwel ghestadienyl) (S-medgdylf-drobenvbniexanpl e, ASTM
D-1238, Condition 190C/ 10 kg (fornmerly known as "Condition N' and

al so known aphqrenn)titapbim diehleside” is defined here|n as the rati o of
a higher weight nelt i ndex determ nation to a_l ower wej

deternlnatlcndlmﬁﬂbﬂiﬂilﬂéé§M?éGPP?E@¢ﬁe%¥kf&1u¥eﬁFerPPtﬁéﬁ%m?FR¥$§%ﬁYl —5-
values, the nelt flowratio is convenhgptly de5|gnated as I[err]/lIferr].

The I[err]/| Ry 2Pespxyhbi baRime L ghiqyide,
15 dimethylsilyl (cyclopentadienyl) (5-methyl-3-trimethylsilyl-2-

phenoxy) titanium dichloride,
dimethylsilyl (cyclopentadienyl) (3-tert.-butyl-5-methoxy-2-
phenoxy) titanium dichloride,
dimethylsilyl (cyclopentadienyl) (3-tert.-butyl-5-chloro-2-
20 phenoxy)titanium dichloride,
dimethylsilyl(cyclopentadienyl)(3,5—diamy1—2—phenoxy)titanium
dichloride, dimethylsilyl (methylcyclopentadienyl) {(2-
phenoxy) titanium dichloride,
dimethylsilyl (methylcyclopentadienyl) (3-methyl-2-
25 phenoxy)titanium dichloride, ‘
dimethylsilyl (methylcyclopentadienyl) (3, 5-dimethyl-2-
phenoxy) titanium dichloride,

dimethylsilyl (methylcyclopentadienyl) (3-tert.-butyl-2-



ol efin interpolynmer conponent is preferably at |east about 5.63, and

especially fromabout 5.63 to about 18, and nost especially from6 to
15. The et hyl ene pol yner extrusion conpositions of
this invention can be prepared by aqy sui tabl e means known in the art

I ncl udi ng tunbl e dry-bl endi ng, weigh feediﬁb, sol vent 35 bl endi ng, nelt
bl endi ng via conpound or side-armextrusion, or the |like as well as
conbi nati ons thereof. Miultiple reactor polynerization processes can

al so be used L0109 098! o €ATLr PEE,
PCI/ US95/ 14840, 4.8t 5 i 1. Rt &L ' -
preparing t heglex?'e?ﬁ/}}yelnsel la(§| (%5928%%{);%?%%&0%%1%(@ Q%E)éqgfr)ggg?lfgli&%ﬁen % on.

Exanpl es of Sé%éﬁgﬂéiypﬁiEEchﬁr3§Eh95rfﬁ@yle”e [err]-olefin

I nt er pol ynerization ni ques are those disclosed in copending

appl i cat 1 ons geidialy A ATh§18d18pLhieth BRAGNBET- i corBD-b10PL-2nd

serial nunber ed” January 29, 1 and in US Patent
3,914, 342 5 Thehermoxy)MltlanRh@ GeeBt8Fsd6An be operated in series or in

parall el or a conbination thereof, with at |east one
dimethylsilyl (methylcyclopentadienyl) (5-methyl-3-phenyl-2-
phenoxy) titanium dichloride,
dimethylsilyl (methylcyclopentadienyl) (3-tert.-
butyldimethylsilyl-5-methyl-2-phenoxy) titanium dichloride,

10 dimethylsilyl (methylcyclopentadienyl) (S-methyl-3-
trimethylsilyl-2-phenoxy) titanium dichloride,
dimethylsilyl (methylcyclopentadienyl) (3-tert.-butyl-5-
methoxy-2-phenoxy) titanium dichloride,
dimethylsilyl (methylcyclopentadienyl) (3-tert.-butyl-5-chloro-

15 2-phenoxy)titanium dichloride,
dimethylsilyl (methylcyclopentadienyl) (3, 5-diamyl-2-
phenoxy) titanium dichloride, dimethylsilyl (n-
butylcyclopentadienyl) (2~phenoxy) titanium dichloride,
dimethylsilyl {n-butylcyclopentadienyl) (3-methyl-2-

20 phenoxy)titanium dichloride, dimethylsilyl (n-
butylcyclopentadienyl) (3, 5-dimethyl-2-phenoxy) titanium
dichloride, dimethylsilyl (n-butylcyclopentadienyl) (3-tert.-
butyl-2-phenoxy) titanium dichloride, dimethylsilyl (n-
butylcyclopentadienyl) (3-tert.-butyl-5-methyl-2-

25 phenoxy)titanium dichloride, dimethylsilyl (n-
butylcyclopentadienyl)(3,S—di—tert.—butyl—2—phenoxy)titanium
dichloride, dimethylsilyl (n-butylcyclopentadienyl) (5-methyl-

3-phenyl-2-phenoxy) titanium dichloride, dimethylsilyl (n-



honbgeneous single-site type or heterogeneous conventional Ziegler-type

catal yst enployed in at | east one of the reactors or in both
reactors. When a multiple reactor technique is used
to make the ethylene a-olefin i nterpol yner conponent of the

i nvention, the high pressure ethyl ene pol yiter conponent can be 10 added
by side-arm extrusion or weigh feed equi pnment situated downstream of the
mul tiple reactors but directly connected to the prinmary

s T e
The i ti t ' AN ; W th oth I
raterfal s andPERIoRY CoRtg P SaPE ABhol Ber Bt i T ayer articl o5 and
structures, f8ﬁ5§£§§§#é?eﬁ¥% 1 HZAgggkgﬁ%k_gu%g¥ﬂéghyygigbq_bayer. The

ot her pol yner can be t he I nvéntive conposition

to nodify proc§g§$£§Yt£EAd§&Hlaya%ngiagatd§ﬁ§{hyfgifyﬂ¥ﬂﬂ on

characteristi® Both the high pressure ethyl ene

pol ymer Cogrpoghgég&(jc;lfe%)é&%ﬁWﬁfl@—%er.eiwtyl—s-méﬂﬂo&rypal—yrrer

conposi tion can In a chémcally and/or physically nodified formto

prepar e BQEoJ:?)Ii@IEAﬁ/iQn&Qm&iioﬁ:iiaa, Sugbt gk 11ygatd-ons can be
acconpl i shed By any” known techni que such 20 as, for exanple, by

i ononer i zat i 0By, APH- X1 SPSH Y iBTE1Y i(Bgtert. -butyl-5-chloro-2- Additives such
as anti oxi dants ?for exanpl e, hindered phenolics such as Irganox[err]

1010 or |rgan%}iéﬁéki/)ﬂQEzﬁliSﬂrDRijjcﬁﬂomid@,baiﬁetlgyl)si]mﬂo(sphites (for exanple,
Irgafos[err] 168 al so supplied by C ba CGeigy), cling additives (for

exanpl e, Pl B) buasgesdmdn tRER@rerln |(3( Sudphingli- byphenoxy)$di@dpm pi gment s,
colorants, and fillers can also be included in the ethylene polyner

ext rusi on1®5 dichbppsis ahimdthtesijyddsarti nvenyleyclapentadicrydnt( 2t hat
they do not interfere with the high drawdown and substantially
reduced neck- bhedbsybvirauivy dshilorades. dinetaylsilel ks -+ om or

using the inventive conposition may also contain additives to gqﬁgpce

ant i bl ocki ng kntiytoptiorentrdienyl) (G methylrdnkereme: dtianiumsdt itoridty,
but not limted to, untreated and treated silicopn dioxjd .al o
calciun1carbodéméthﬁhﬁlky%ﬁﬁeﬁiyWhﬂqyl§§cﬁPpﬁﬁF??l%%%Hnﬁ%&?‘gﬁﬁﬁgﬁﬁs?ituted
fatty acid amdes, 30 chjll roll rel ease. agents,.siljcone coatings, etc.
Ot her addi ti veseRayyaF Ebambem disdhior l&ﬁhaﬁ&’é“ggﬂ%félfyi et

15 butylcyclopentadienyl)(3-tert,—butyl—Z—phenoxy)titanium
dichloride, dimethylsilyl (tert.-butylcyclopentadienyl) (3~
tert.-butyl-5-methyl-2-phenoxy) titanium dichloride,
dimethylsilyl(tert.—butylcyclopentadienyl)(3,5—di—tert.—
butyl-2-phenoxy) titanium dichloride, dimethylsilyl (tert.-

20 butylcyclopentadienyl)(5—methyl-3—phenyl—2-phenoxy)titanium
dichloride, dimethylsilyl (tert.-butylcyclopentadienyl) (3-
tert.—butyldimethylsilyl-5—methyl—2—phenoxy)titanium
dichloride, dimethylsilyl (tert.-butylcyclopentadienyl) (5-
nethyl-3-trimethylsilyl-2-phenoxy)titanium dichloride,

25 dimethylsilyl(tert.—butylcyclopentadienyl)(3—tert.—butyl—5-
methoxy-2-phenoxy) titanium dichloride, dimethylsilyl (tert.-
butylcyclopentadienyl)(3—tert.—butyl—5-chloro—2-

phenoxy) titanium dichloride, dimethylsilyl(tert.-



anti-fogging characteristics of, for exanple, transparent cast filnms, as
descri bed, for exanple, by Ni emann in US Patent 4,486,552. Stil

ot her additives, such as quaternary ammoni um conpounds alone or in
conbi nation with ethylene-acrylic acid (EA@) copol ymers or other functional
pal yners, may al so be added to enhance thé antistatic characteristics of
coatings, profiles and 35 filnms of this invention and allow, for exanple,
t he packagi ng or nmaking of electronically sensitive goods.

~20- i 3, 5-diamyl-2-ph titanium
PCT/U895/148H§ty1@§%?g£%§%&816nyl)( ’ :T%WQiIa?e?gax%%nét?u%tions

conpri sing t faqahqy,%@hgyedm&?ﬁiéi | Gt g eRhGRAYEopent ad ¥ @NY(IRANS

known i ncl uding coextrusion am ndations and conbi nations thereof.

Mor eover, her®R§Hesthhons @fchlvsiddivention can be enpl oyed in
coextrusi on dperations where a higher drawdown material is used to

The. ot hyl ene oo Y B T h o) vent | o whet her  of
5 phenoxy)titanium dichloride,
dimethylsilyl (tetramethylcyclopentadienyl) (3, 5-dimethyl-2-
phenoxy) titanium dichloride,
dimethylsilyl (tetramethylcyclopentadienyl) (3-tert.-butyl-2-
phenoxy)titanium dichloride,

10 dimethylsilyl(tetramethylcyclopentadienyl)(3-tert.-butyl—5-
methyl-2-phenoxy) titanium dichloride,
dimethylsilyl (tetramethylcyclopentadienyl) (3, 5-di-tert.-
butyl-2-phenoxy) titanium dichloride,
dimethylsilyl(tetramethylcyclopentadienyl)(5—methyl—3-phenyl—

15 2-phenoxy)titanium dichloride,
dimethylsilyl (tetramethylcyclopentadienyl) (3-tert.-
butyldimethylsilyl-5-methyl-2-phenoxy) titanium dichloride,
dimethylsilyl (tetramethylcyclopentadienyl) (5-methyl-3-
trimethylsilyl-2-phenoxy) titanium dichloride,

20 dimethylsilyl(tetramethylcyclopentadienyl)(3—tert.-butyl—5—
nethoxy-2-phenoxy) titanium dichloride,
dimethylsilyl(tetramethylcyclopentadienyl)(3—tert.-butyl—5—
chloro-2-phenoxy) titanium dichloride,
dimethylsilyl (tetramethylcyclopentadienyl) (3, 5-diamyl-2-

25 phenoxy)titanium dichloride,
dimethylsilyl (trimethylsilylcyclopentadienyl) (2-
phenoxy) titanium dichloride,

dimethylsilyl (trimethylsilylcyclopentadienyl) (3-methyl-2-



nonol ayer or nultilayered construction, can be used to nake extrusion

cqQatings, extrusion profiles and extrusion cast filns. Wen the

i nventive conposition is used for coating purposes or in mul til ayered
constructions, substrates or adjacent natqg%al | ayers can be polar or

nonpol ar i ncludi ng for exanple, but t limted to, paper products,

netals, ceramcs, glass and various 10 pol ynmers, particularly other
pol yol efins, and conbi nati ons thereof. For extrusion profiling,

vari ous arti%égg%%ggg%%gkgg&ggg%gngggéyding, but not limted to,

refrigerator W Treé an j acketing, wire coating, nedica

tubing and Wayfhe i Pidid 1 RE Rk 91 C22Y1 Ly IOABAA I eRNY 395 Bimethy 1 1A

i nventive conposi n be use packagi ng and industrial stretch

wrap appli catlSoxy) thtanit\MReEPoride _ The follow ng
exanples illustrate some of the partlcufar enbodi nents of the pr esent

I nvention, bU&irhée‘@nJlOéi'l% (%iﬁ%f&ﬂ&@sﬂ@?l@?c%&iﬁd&ﬁ%ﬂyq)Wﬁaﬁekﬁe—bﬂtﬁmi on

islimted tot particul ar enbodi nents shown. Al so, practitioners

of these q;tszuéﬁén@ggyﬁyﬂgﬂyamtHgbhnbgide, maxi mum | i ne speeds attainable
with one type of extruder or coater will not necessarily be the 20 sane

as the speedsdahé i yliadil e/ witiirenbihel 1 abdyc kspentedyienyd ) S8reeequi-putnt -
arrangenent shoul d be used to provide neani ngful conparisons and to

appreci at e t he-metayit-ayehetioxydvetadiy dhehloride,Appli cants.
Melt strength determ nations were nmade at 190[err]C using a CGoettfert

Rheot ens and dimethylsiingt (toimedpylbat ylehebopsrtradiBny1dd@i bPrdiytehtomnet er
was aligned and situated above the 25 Rheoten unit and delivered, at a
const ant pl ungetyspZatherfox3s t4 tamimnndiahiordent of nolten pol ymer
to the Rheotens unit. The Instron was_equi pped with a standard capillary
di e of 2.10 mdimethylsidiet Erimedhydsihylevetorepmrdlanyd) (FnBegBlYivéred t he
filament to the toothed take-up wheels of the Rheotens unit rotating
at 10 m's. Theerykt2nrhensetilddrapaanediehberidy | nstron capillary

T e ol 1 15 RURL 808 RSt e S5 (A0 - The
butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
dimethylsilyl (trimethylsilylcyclopentadienyl) (5-methyl-3-

15 trimethylsilyl-2-phenoxy)titanium dichloride,
dimethylsilyl (trimethylsilylcyclopentadienyl) (3-tert.-butyl-
5-methoxy-2-phenoxy) titanium dichloride,
dimethylsilyl (trimethylsilylcyclopentadienyl) (3-tert.-butyl-
5-chloro-2-phenoxy) titanium dichloride,

20 dimethylsilyl{trimethylsilylcyclopentadienyl) (3,5-diamyl-2-
phenoxy) titanium dichloride, dimethylsilyl(indenyl) (2~
phenoxy) titanium dichloride, dimethylsilyl(indenyl) (3-methyl-
2-phenoxy) titanium dichloride, dimethylsilyl (indenyl) (3-
tert.-butyl-2-phenoxy) titanium dichloride,

25 dimethylsilyl (indenyl) (3-tert.-butyl-5-methyl-2-
phenoxy) titanium dichloride, dimethylsilyl (indenyl) (3,5-di-
tert.-butyl-2-phenoxy) titanium dichloride,

dimethylsilyl (indenyl) (5-methyl-3-phenyl-2-phenoxy) titanium



30 melt strength began by accel erating the take-up wheels on the Rheotens
unit at 2.4 mmis[err], the Rheotens unit is capable of acceleration
rates fromO0.12 to 120 mMmi s2. As the velocity of the Rheot en t ake-up
wheel s increased with tine, the draw down gorce was recorded in

cent i Newt ons (cN) using the Linear ¥3ri abl e Di spl acenment Transducer
(LVDT) on the Rheotens unit The conputerized data acquisition system
of . t he Rheotens unit recorded the draw down force as a 35 function of

take-up wheely,vghoGiity, Hagerbtal 1 PPl ndidlyAN9GN Yakue was taken from the

pl at eau of -21-

WO. 96/ 16119
lyl-5-methyl-2-ph titani dichloride
PCT/ US95/ 148fdltyldlmethyl'f:’fl1 yreconrm dra\ﬁ (?nox 1)or'lcgl e vcél O%I ty ‘at

filament bregkias k591 ¢eREREM | fEIHHEthi3LQ%1methyls11yl -2-

phenoxy) titanium dichloride, dimethylsilyl (indenyl) (3-tert.-

5 butyl-5-methoxy-2-phenoxy)titanium dichloride,
dimethylsilyl (indenyl) (3-tert.-butyl-5-chloro-2-
phenoxy)titanium dichloride, dimethylsilyl (indenyl) (3,5~
diamyl-2-phenoxy) titanium dichloride,
dimethylsilyl (fluorenyl) (2-phenoxy) titanium dichloride,

10 dimethylsilyl{fluorenyl) (3-methyl-2-phenoxy)titanium
dichloride, dimethylsilyl (fluorenyl) (3, 5-dimethyl-2-
phenoxy) titanium dichloride, dimethylsilyl (fluorenyl) (3~
tert.-butyl-2-phenoxy) titanium dichloride,
dimethylsilyl (fluorenyl) (3-tert.-butyl-5-methyl-2-

15 phenoxy)titanium dichloride, dimethylsilyl (fluorenyl) (3,5-di-
tert.-butyl-2-phenoxy) titanium dichloride,
dimethylsilyl (fluorenyl) (5-methyl-3-phenyl-2-phenoxy) titanium
dichloride, dimethylsilyl {fluorenyl) (3-tert.-
butydimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,

20 dimethylsilyl(fluorenyl) (5-methyl-3-trimethylsilyl-2-
phenoxy) titanium dichloride, dimethylsilyl (fluorenyl) (3-
tert.-butyl-5-methoxy—-2-phenoxy) titanium dichloride,
dimethylsilyl (fluorenyl) (3-tert.-butyl-5-chloro-2-
phenoxyjtitanium dichloride, dimethylsilyl (fluorenyl) (3,5-

25 diamyl-2-phenoxy) titanium dichloride,
dimethylsilyl (tetramethylcyclopentadienyl) (1-naphthoxy-2-
yl)titanium dichloride, etc.;

the above compounds in which (cyclopentadienyl) is replaced with



melt strength break speed. | nventive Exanples 1-3 and Conparative
Exanples 4-15 5 Table 1 summari zes the pol yner
conpositions used in an extrusion coating and nelt strength

eval uation. Sanple A and B were substantigjly linear ethylene/l-octene

i npterpol yners manuf act ured according to the teachings provided by
Lai et al. in US Patents 5,278,236 and 5,278,272. Sanple C was a
hgnogeneously branched |inear ethyl ene/ 1-hexene interpolyner

supplied by Exxon ' &pgg}% der¢t-hg E»Hgi@@i riesiigmail)on of
Exact[err] 3 é@eEéﬁggié?%R>_ r%hi%gfe(gll ﬁig pre;§t?e et hyl ene pol yners
nanufactured(g¥h§F8¥§gﬁ$éE%ga£gﬂyﬁygnq%pﬁmopylcycléiﬁﬁﬁ3ﬂﬂényi3,nanufactured

usi ng convent'ron ar reactor techniques. Sanples D and F-1 were

manuf act ur ed (§§5ggﬁg$ra a1 b6t a RirRAl) 3V § seeachat yl epdiippresad imyan ,exanpl e
pOTyNeT |

of the zation requirenents to prepare a suitable high
pressure eth%&%BBP92%¥9€Ioﬁéﬁtéﬂﬁtﬂyl)Lthert.—buﬁyfcymﬁopennadﬁamxl)Table 2
y

sumari zes the po rization conditions used manufacturing Sanple 15 D.
The reactgr q?meg_y,@gywép@nﬂédiam)(,B&thmyliﬁdamym congtlenylsindenyd) /
conti nuous autocl ave reactor. Sanples D-1 all contained 200- 300 ppm

| rganox[ err] +4@1@pavki exkpamdanth Sanue (2-phenoxgbniai rerlgeat oridiing 3ro
infra-red anal ysis follow ng sol vent extraction of pressed filmof the
sanpl e) 230 %m@anl-aephmoxygano&{tmmemmié,mli—aprlam},cy)bdm eintedti-dant s
were supplied by G ba- Gei gy Chem cal Conmpany. 20
Table 1 butyldifiatthi@sil PotJrghenoxdylit | ndex, Density Mel t
Mel t GPC GPC ' . _

the above compounds in which dimethylsilyl 1is replaced with

10 diethylsilyl, diphenylsilyl or dimethoxysilyl;
the above compounds in which titanium is replaced with zirconium
or hafnium; and
theabovecompoundsinvmichdichlorideisreplacedwithdibromide,
diiodide, bis(dimethylamide), bis(diethylamide), di-n-butoxide

15 or diisopropoxide.

Preferable examples of the transition metal complex of the
formula [II] are as follows:
u-oxobis[isopropylidene(cyclopentadienyl)(2—phenoxy)titanium
chloride],

20 u-oxobis[isopropylidene(cyclopentadienyl)(2-phenoxy)titanium
methoxide],
u—oxobis[isopropylidene(cyclopentadienyl)(3—tert.-butyl—5—
methyl-2-phenoxy) titanium chloride],
u—oxobis[isopropylidene(cyclopentadienyl)(3—tert.—butyl—5—

25 methyl-2-phenoxy)titanium methoxide],
u—oxobis[isopropylidene(methylcyclopentadienyl)(2-
phenoxy) titanium chloride],

u—oxobis[isopropylidene(methylcyclopentadienyl)(2—



Type I[err] (g/cc) Strengt h, Strength Mn Vh

Bi nodal ity . (g/10mn.) (cN)
Br eak Speed Ratio .
(M s) A SLEP 4575 0.910 1.30
269 2.11 No B SLEP 6.0
0. 900 1.27 160 2.18 No C
HI_EP 10 0. 905 0. 349 303 2.32 No
D LDP 0,42, 0. 25.4 103 7.6
\1(22 ghenoﬁy ) tltan“f_lbﬁ?:ethoxgl]d%]o. 26 0.921 17.7

<6 s . - 9
0. 919 p49§8bls[1sop%§éylldene(qgﬁ&gl%yclopenk%&?%nyl)(3 tég%.G
LDPE e P16 +h . ; 7.42 Yes
H | LDPEuégl 5 meét}%?? 5 phenoo.xgg EZtanluzél. gggéglde] ' 186 5 78
Yes _gxobis [isoph@RA] 714 0,844 — o6 -

xobis[1so idene (met clopenta nvl) (3-terd®

247 6?99 [ phb §i SLEE :ysubgtantiall% %snear et hyl ene

pol ynmer pg ep%ﬁ%gle—ﬁléﬁhiII‘lﬂ;&% itAdeheRmOhe ehb¥1 88E, and 1-octene
prepared In a continuous solution 25 pol ynmeri zati on process using a

constrai ned geguBhkY [ £3bBF¥SF1 SUSlEMet ramethhlERc Fopeipa@gangou i near
et hyl ene polgner, Exact[er$?§3022 suppl i ed b? ngonp%henical Conpany

LSE’E = hi gh pressutyet i ban tensii yormialelgt hyl ene
p-oxobis [isopropylidene (tetramethylcyclopentadienyl) (2-
phenoxy) titanium methoxide]l,

10 jp-oxobis[isopropylidene (tetramethylcyclopentadienyl) (3-tert.-
butyl-5-methyl-2-phenoxy) titanium chloride},
p-oxobis[isopropylidene (tetramethylcyclopentadienyl) (3-tert.-
butyl-5-methyl-2-phenoxy) titanium methoxide],
p-oxobis[dimethylsilylene (cyclopentadienyl) (2-

15 phenoxy)titanium chloride],
p-oxobis[dimethylsilylene (cyclopentadienyl) (2-
phenoxy) titanium methoxide],
p-oxobis[dimethylsilylene (cyclopentadienyl) (3-tert.-butyl-5-
methyl-2-phenoxy) titanium chloride],

20 jp-oxobis[dimethylsilylene (cyclopentadienyl) (3-tert.-butyl-5-
methyl-2-phenoxy) titanium methoxidel],
p-oxobis[dimethylsilylene (methylcyclopentadienyl) (2-
phenoxy) titanium chloride],
p-oxobis[dimethylsilylene (methylcyclopentadienyl) (2-

25 phenoxy)titanium methoxide],
p-oxobis[dimethylsilylene (methylcyclopentadienyl) (3-tert.-
butyl-5-methyl-2-phenoxy) titanium chloride],

p-oxobis[dimethylsilylene (methylcyclopentadienyl) (3-tert.-
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Table 2 Aut ocl ave Reactor Conditions

React or Pressure, psi (MPa) 46 21,300 (146.9)
Zone 1 Tenperature, C 235

Zone 2 Tenperature, [err]C 235

-Zone 3 Tenperature, C 254

Zone 4 Tenperfityie.s-methyl-2-phenoxy) titanium methoxide], 282

Top (Zone 1) Gas Inlet Tenperature, [err]C 70

Bot t om ( Zonegi-4xobas [Hﬂh@thgﬂﬁ”ﬂﬁfzﬁéﬁé eretl@ifdtlylcyclopentad28nyl) (2-
Recycl e Rate, 1bs/hr (kg/hr 1, 500 (680)
Hi gh Pressur ehegpaiataotabieasohtor &1 ,( MPa) 1,650 (11.4)
Low Pressure Separator Pressure, psi (MPa) 4 (0.03)

p-oxobis[dimethylsilylene (tetramethylcyclopentadienyl) (2-

5 phenoxy)titanium methoxide],
p-oxobis[dimethylsilylene (tetramethylcyclopentadienyl) (3-
tert.-butyl-5-methyl-2-phenoxy) titanium chloride],
u—oxobis[dimethylsilylene(tetramethylcyclopentadienyl)(3—
tert.-butyl-5-methyl-2-phenoxy) titanium methoxide], etc.

10 Preferable examples of the transition metal complex of the
formula [III] are as follows:
di-p-oxobis[isopropylidene (cyclopentadienyl) (2-
phenoxy) titanium],
di-p-oxcbis[isopropylidene (cyclopentadienyl) (3-tert.-butyl-5-

15 methyl-2-phenoxy)titanium],
di-p-oxobis[isopropylidene (methylcyclopentadienyl) (2-
phenoxy) titanium],
di-p-oxobis[isopropylidene (methylcyclopentadienyl) (3-tert.-
butyl-5-methyl-2-phenoxy) titanium],

20 di-p-oxobis([isopropylidene(tetramethylcyclopentadienyl) (2-
phenoxy) titanium},
di-p-oxobis[isopropylidene (tetramethylcyclopentadienyl) (3-
tert.-butyl-5-methyl-2-phenoxy) titanium],
di-p-oxobis[dimethylsilylene (cyclopentadienyl) (2-

25 phenoxy)titanium],
di-p-oxobis[dimethylsilylene (cyclopentadienyl) (3-tert.-butyl-
5-methyl-2-phenoxy) titanium],

di-p-oxobis{dimethylsilylene (methylcyclopentadienyl) (2-



> Tabl e 2, Conti nued

Aut ocl ave Reactor Conditions Zone | Initi
| ator Type

50/ 50 TPQ TPA M x Zone 1 Initiator Concentrati on?/pvvt
percent in Isopar[err] C 20 44 Zone 1 Initiator
Feed Rate, 1bs/hr (kg/hr) 17.5 (7.9)
Zone 2 Initiator Type . 50/ 50 TPQO TPA
:\/Isé o c Zone 2 Initiator Concentration, w percent in
1bs|/ohr[erkr} t)\enoxy)tltanl%gl], Zone 2 Initiator Feed Rate,
Initiatf)rgTy 14.8 (6.7) Zone 3

- , obi thylsilylene (methylcyclopentadi2fi@lpéBeratt TP
%one 3 Initi g%ou Bhcen rléqtel or¥ vlvt ypgrgémnt |¥1 cI:ysop(fl)re[ e?r] C vibe 90
one 3 Initigtor; Feegfanes Byl kgthrium] , 6.8
(3.1) Zoned Initiator Type
50750 TPA DTEE—M?(XObls (dimethylsilyZene éetﬂameﬂtﬂrcmm@emtladuaoml)\(@‘
I[3ergeg;1t|n Isozgr err] Zone 4 Initiator

ee Renb Qitlfﬁl') um] , 1
Hi gh Pressurg Lev}éj}( Lam] 08 (7.9) sed
%t di-p-oxob D dimessiyle iSgpanat bet tavethy peydemenspdieriie (3—

tert. -butyl—5—methyl—2—phenoxy) titanium], etc.
Atransitionmetal complex of the formula [I] may be prepared
by the method disclosed in, for example, W097/03992. A transition
10 metal complex of the formula [II] or [III] may be prepared by
reacting a transition metal complex of the formula [I] with one
or two equivalents of water.
(B) Aluminum compounds
The aluminum compound (B) is at least one aluminum compound
15 selected from the group consistingof the following compounds (Bl),
(B2) and (B3):
(B1l) an organic aluminum compound of the formula:
E'.AlZ, .,
(B2) a cyclic aluminoxane of the formula:
20 [-Al (E?)-0-1y/
and
(B3) a linear aluminoxane of the formula:
E*[-Al (E®) -0-]1AlE},
wherein E', E? and E® represent independently each other a
25 hydrocarbon group, provided that.all El's, all E’'s and all E’'s
nay be the same or different; Z is a hydrogen atom or a halogen
atom, provided that all Z's may be the same or different; a is

a number which satisfies the formula: 0 < a <3, bis an integer



Production Rate, 1bs./hr (kg/hr) 7,406

(3,359 Secondary Processing

None TPO= tert-butyl peractoate; TPA = tert-butyl peracetate;
DTBP = di-tertbutyl peroxide lgppar[err] Cis an isoparafinic
hydr ocarbon solvent with a boiling range of 95-108[err] C supplied by Exxon
Chem cal Conpany 10 FIG 1 illustrates the nolecul ar
wei ght distribution (MAD) of Sanple D as determ ned by gel perneation

chromat ogr aphyr (563 &% biamedal ikt Bat ihtegéhePal Wreore.,  cONposi tion
was characterized as having a distinct high nolecular hunp). FIG 2 shows

t hat Sanpl es G rapttdcarddnbigirodpl £op! BGuEAromei’glis gdrsferably om,
whereas Sanples F and H did not
-23- hyd¥d> @bkl HRoup having 1 to 8 carbon atoms, more preferably an

PCT/ US95/ 14840
alkyl group.

5 Specific examples of the organic aluminum compound (Bl) of
the formula: E',AlZ,. are as follows:
trialkylaluminums such as trimethylaluminum, triethylaluminum,
tripropylaluminum, triisobutylaluminum, trihexylaluminum, etc.;
dialkylaluminum chlorides such as dimethylaluminum chloride,
10 diethylaluminum chloride, dipropylaluminum chloride,
diisopropylaluminum chloride, dihexylaluminum chloride, etc.;
alkylaluminum dichlorides such as methylaluminum dichloride,
ethylaluminum dichloride, propylaluminum dichloride,
isobutylaluminum dichloride, hexylaluminumdichloride, etc.; and
15 dialkylaluminum hydrides such as dimethylaluminum hydride,
diethylaluminum hydride, dipropylaluminum hydride,
diisobutylaluminum hydride, dihexylaluminum hydride, etc.
Among them, trialkylaluminums are preferable, and
triethylaluminum and triisobutylaluminum are more preferable.
20 Examples of the substutuents E? and E* in the cyclic
aluminoxane (B2) of the formula: [-Al(E?)-0-], and the linear
aluminoxane of the formula: E*[-Al(E*)-0-]1,ALlE’, are alkyl groups
such as a methyl group, an ethyl group, a n-propyl group, an
isopropyl group, a n-butyl group, an isobutyl group, a n-pentyl
25 group, a neopentyl group, etc.
"p" is an integer of 2 or more, and "c¢" is an integer of
1 or more.

Preferably, E? and E® are both methyl or isobutyl groups,



exhibit distinct binpdality. Table 1 indicates that Sanples D and G had
relatively high nelt strength, broad nol ecul ar wei ght distributions,
and binmodality, and as such these-naterials are consi dered suitable

bl end conponent conpositions for inparting, |nproved extrusion properties.
Tabl e 3 sunmari zes the bl end conpositions Q%at were prepared fromthe 5

I ndi vi dual pol yner conpositions listed in Table 1. The bl end conpositions
were prepared either by nelt mxing in a Haake torque m xer or by weigh
feeding the cogpopents sl ogt! ¥ei Lo, Lhe ang PENMRL Y, PHLEUARE BF LNhEo 40.

e weight p

: -all
extrusi on coat ngl?| ne1n accordance wt ercentages shown 1n

-Sr:lrgr{)?ae& 10 The above aluminoxanes may beg Bgﬁg-zﬁ?gheofggrﬂ%-ous methods,

Exa”pl € 3 which pre nog)fj%Smli%ulaEfgrm!nﬁted, Eéfi’tmé\%gl %%tp@é@me@ according
|

Per cent to convéhtional ¥thods. P example, a80alumioxane :R8y be

90 90 D 5 20 E

10 5 prepare@by allowing a solution of a trialkylaluminum (e.g.

10 *Not an exanple of the present invention; provided for conparative

purposes onl ytrigethylaluminum etc.) in an organic solvent (e.g. benzene,
aliphatic hydrocarbons, etc.) in contact with water.
Alternatively, an aluminoxane may be prepared by allowing a
trialkylaluminum (e.g. trimethylaluminum, etc.) with a metal salt
10 containingwater of crystallization (e.g. copper sulfate hydrate,
etc.}.

(C) Boron compounds

A boron compound {C) 1s any one of (Cl) a boron compound
of the formula: BQ'Q?Q?, (C2) a boron compound of the formula:

15 G (BQ'Q%*Q%*) ", and (C3) a boron compound of the formula:
(L-H) * (BQ'Q*0*0") ™.

In the boron compound (Cl) of the formula: BQ'Q*Q’, B is a
trivalent boron atom, Q', Q* and Q® represent independently each
other a halogen atom, a hydrocarbon group, a halohydrocarbon group,

20 a substituted silyl group, an alkoxy group or a di-substituted
amino group, and they may be the same or different. Preferably,
Q', 0? and Q® are each a halogen atom, a hydrocarbon group having
1 to 20 carbon atoms, a halohydrocarbon group having 1 to 20 carbon
atoms, a substituted silyl group having 1 to 20 carbon atoms, an
25 alkoxy group having 1 to 20 carbon atoms or a di-substituted amino
group having 2 to 20 carbon atoms. More preferably, Q', ¢° and
Q® are each a halogen atom, a hydrocarbon group having 1 to 20

carbon atoms or a halohydrocarbon group having 1 to 20 carbon atoms.



Tabl e 3, Once Conti nued Sanpl e *Conp

*Cor‘rp *Cor‘rp *Cor‘rp *Co

: : np. Ex
Exanple o Exanpl e Exanple 10 Exanple 11 Exanple 12 ampl e
e 9 Vi ght : 50 Percent B 90
8 - 100 D

100 F G

ggrrLar . velgurzoos;Ngﬁll an exanpl e of the present invention; provided for
-24- B ores2tably, o', 0 and Q° are each a fluorohydrocarbon group

having at least one fluorine atom and 1 to 20 carbon atoms, in
particular, a fluorinated aryl group having at least one fluorine
atom and 6 to 20 carbon atoms.

5 Specific examples of the compound (Cl) include
tris(pentafluorophenyl)borane, tris{2,3,5,6-
tetrafluorophenyl)borane, tris(2,3,4,5-
tetrafluorophenyl)borane, tris(3,4,5—trifluorophenyl)borane,
tris(2,3,4—trifluorophenyl)borane,

10 phenylbis(pentafluorophenyl)borane, etc. BAmong them,
tris(pentafluorophenyl)borane is most preferable.

In the boron compound {C2) of the formula: G' (BQ'Q?Q*0Y T, G
is an organic or inorganic cation, B is a trivalent boron atom,
and Q' to ¢ are the same as Q" to Q® in the above compound (Cl).

15 Specific examples of the inorganic cation G' in the compound
of the formula: G'(BQ'Q°Q°Q*)” include ferrocenium cation,
alkyl-substituted ferrocenium cation, silver cation, etc., and
specific examples of the organic cation G' include triphenylmethyl
cation, etc. Preferably, the cation G' is carbenium cation, in

20 particular, triphenylmethyl cation. Examples of the (BQ'Q?Q°Q%) ~
include tetrakis(pentafluorophenyl)borate, tetrakis(2,3,5,6-
tetrafluorophenyl)borate, tetrakis(2,3,4,5—tetrafluorophenyl)

lborate, tetrakis(3,4,S-trifluorophenyl)borate, tetrakis
(2,3, 4-trifluorophenyl)borate, phenyltris (pentafluorophenyl)

256 borate, tetrakis(3,S—bistrifluoromethylphenyl)borate, etc.

Typical examples of the combination of the cation G" and
the anion (BQ'Q?Q%Q')” include ferrocenium

tetrakis (pentafluorophenyl)borate, 1,1'-dimethylferrocenium
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PCT/ US95/ 14840 Table 3, Twice
Cont i nued Sanpl e * Conp

* Conp. * Conp. _ 51 Exanpl e 13 Exanple 14
Exanpe 15 Exanple 16 Wi ght Per cent

A 100 C
90- D 10

H tetrakis (pdfPafluorophenyl)borate, silver 100

tetrakis (pentafluorophenyl)borate, triphenylmethyl

tetrakis (pentafluorophenyl)borate, triphenylmethyl

tetrakis (3, 5-bistrifluoromethylphenyl)borate, etc. Among them,
5 triphenylmethyl tetrakis(pentafluorophenyl)borate is most

preferable.

In the boron compound (C3) of the formula: (L-H)*(BQ'Q*0°0%) ",
I,is a neutral Lewis acid, (L-H)*is aBrensted acid, Bis atrivalent
boron atom, and Q' to Q* are the same as Q' to @’ in the above compound

10 (Cl).

SpecificexamplesoftheBmznstedacid(L-H)*inthecompound
of the formula: (L-H)*(BQ'Q’Q’Q*)" include trialkyl-substituted
ammonium, N,N-dialkylanilinium, dialkylammonium,
triarylphosphonium, etc. Examples of the anion (BQ'Q°Q°Q*)” are the

15 same as those exemplified above.

Typical examples of the combination of the Bremnsted acid
(L-H)* and the anion (BQ'Q’Q°Q*}” include triethylammonium
tetrakis (pentafluorophenyl)borate, tripropylammonium
tetrakis (pentafluorophenyl)borate, tri(n-butyl)ammonium

20 tetrakis(pentafluorophenyl)borate, tri(n-butyl)ammonium
tetrakis(3,5-bistrifluoromethylphenyl)borate, N,N-
dimethylanilinium tetrakis (pentafluorophenyl)borate, N,N-
diethylanilinium tetrakis (pentafluorophenyl)borate, N,N-

2,4, 6-pentamethylanilinium tetrakis (pentafluorophenyl)borate,

25 N,N-dimethylanilinium tetrakis (3, 5-
bistrifluoromethylphenyl)borate, diisopropylammonium
tetrakis (pentafluorophenyl)borate, dicyclohexylammonium

tetrakis (pentafluorophenyl)borate, triphenylphosphoniumn



*Not an exanple of the present invention; provided for conparative purposes
only. 5 Exanpl es 1-3,6,8 and 13 and Conparative
Exanples 4,5,7,11-12, and 14-16 were eval uated for high drawn down
performance on an extrusion coating Iine.5§he coating equi pnent

consisted of a three-extruder Black C awsOn coextrusion coating line with a
3-1/2 inch (8.9 cm 10 dianeter primary extruder with a 30:1 L/D, a 2-1/2
inch (6.4 cm dianmeter secondary extruder with a 24:1 L/D and a 2

inch (5.1 ¢ i ter sec 76 cm sl ot coextrusion

f eedbl ock d%egééa@?f%%%gﬁgoﬁ%g%&{lxg%ag%ruder and deckled to 69 cm

with a 20 m| .2 ' iisnplnti$12oeophanyl Hoaws teap.
R A NS e 4 P

The |ine was system t hat i ncl uded

wei ght cel |l feed .t { Iﬁ)s@?,%li@mand coating weight control. The
extrusion 15trllgﬁi28\%g§{’g?lf§§ﬂ%q)ﬁé pped with a matte finish, glycol cooled

chill roll selat,3glesnlfe(daiapdril)pbhate, sttargatoed exbnustod (n-

tenperature and screw speed for all "extrusion coating exanpl es was

625[err] Fs  1,,+(329hAbR1 Gh BOErDP: ¢ PantEIpectbliehy]) botass whdflise
not ed. However, "Exanpl e 13 and Conparative Exanpl es 14 and 18 were

extrusion Coﬁi%tﬁ%anemﬁy&hommwis(@amrazfﬂupeopheabbmom% etyq most
(322[err] Q. |ten extrudate or webs for all exanples were drawn down
continuously (pirer®ikh. (23 kg) Kraft 20 paper . The
eval uation involved systematically increasing the line/take-off speed while
mai ntai ni ng a constranthsectepodpeeri 180 apmea@tion, dradrFesBRantRr ke Tn
observed or web breakage occured. The line speed at mhicqltheAsngga of
dr aw r esonangs lieati ziat i onebobpyasing tucitreassfiqasmetal GoRRy S L
observed or at which web breakage occured, was taken asaniage.ul ti tew%
maxi mum 328  adreanddontir af dheThempeEn@din and Ehe REPOURd ik (PRt AT - a ' 440

fpm (134 nmpm) line speed for a1l ml| (0.025 coat i i
extruder anpex ag&alygiss Prresdglén @b@ﬁ%%&&?—?@%ﬂ;ﬁ%}%gg% : fyo%g% EltS h

'ﬁ)':[)f:nzl. n'?‘ﬁlé- ;Pr.]) la%vd\er(Bt)haig g)s(gg?t&?e fcoorngtorlll%dE)i%r)rpliSspgéfefmrﬂ}?ee%yjcﬂic
aluminoxane (B2) and/or the linear aluminoxane (B3). Another
preferable example of the catalyst for olefin polymerization

15 consists of the compounds (A), (B) and (C). In this case, the
compound (B) is preferably the compound (B1) .

The used amounts of the component compounds are preferably
selected so that a molar ratio of (B) to (A) is from 0.1 to 10,000,
preferably from 5 to 2,000, and a molar ratio of (C) to (A) is

20 from 0.01 to 100, preferably from 0.5 to 10.

When each component is used in the form of a solution or
a suspension in a solvent, its concentration is arbitrarily
selected according to conditions such as the performance of
equipmentforsupplyingeachcomponenttx>apolymerizationreactor.

95 Desirably, the concentration of the compound (A) is from 0.01 to
500 pmol/g (solvent), preferably from 0.05 to 100 pmol/g, more
preferably from 0.05 to 50 pmol/g, the concentration of the

compound (B) is usually from 0.01 to 10,000 ymol/g, preferably



conponent neck-in contribution for Sanples D and E were taken by

extrapol ation fromFIG 3 since these materials could not be extrusion
coated as single conponent polynmer conpositions. The 30 expect ed neck-in
performance was taken froma |inear blend gyle equation as exenplified

above. - 25-
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'Iléabl le 4 from 0.1 to 5,000 pmol/g, more preferably from 0.P4¢d U$ 000 =RAligng
e;uhés on Dr aw Resonance
an ck-1n in terms of aluminum atoms, and the concentration of the compound
(C) is usually from 0.01 to 500 pmol/g, preferably from 0.05 to
200 pmol/g, more preferably from 0.05 to 100 ymol/g.
5 For the preparation of the propylene copolymer, solution

polymerization using a solvent such as an aliphatic hydrocarbon
(e.g.butane,pentane,hexane,heptane,octane,etc.),anaromatic
hydrocarbon (e.g. benzene, toluene, etc.) or a halohydrocarbon
(e.g. methylene dichloride, etc.), slurry polymerization,

10 gas-phase polymerization in a gas state monomers, etc. The
polymerization process may be a continuous process or a batch
process.

A polymerization temperature is usually from -30 to 200°C,
preferably from -20 to 100°C. A polymerization pressure is

15 preferably from atmospheric pressure to 60 kg/cm’G. A
polymerization time depends on the kind of the catalyst, the type
of the reactor, etc., and may be selected from a range between
1 minute and 20 hours. A chain transfer agent such as hydrogen
may be added to a reaction system to adjust thé molecular weight

20 of the copolymer.

Thepropylenecopolymerofthepresentinventianissuitably
used as an additive for a thermoplastic resin. Examples of the
thermoplastic resins include polyethylene resins (e.g. high
density polyethylene, medium density polyethylene, low density

95 polyetylene, linear low density polyethylene (LLDPE), etc.),
polypropylene resins, poly-4-methylpentene-1, polystyrene,
polyester, polyamide, polyphenylene ether, and the like.

Preferable thermoplastic resins are polyolefin resins, more



Exanpl e
Expect ed
ft/mn.
(psi)

t han
Expect ed
6. 25
(>549)

1, 610
35:5
(11.1)

1, 260
(11.7)
4*

NA
(19. 1)
6. 125
(396)
1, 500
16.5
(14. 6)
1, 600
(11.7)
8

6. 28
(>488)
ND

NA
(0.6)
ND
(1.1)
1.8

De Ext ruder Drawdown Rate[err] Neck-1n

Per cent Pressure Anps
at 134 mpm/ 1 M| Neck-1n Lower
(rf i n) 54 (in) (cm (in)
(MPa)
1 1, 560 147 >1, 800
7.14 12.5 (10.8)

pLﬁ%ferabeQx%isfa%&&ne polyé%gfﬂﬁs coit}pg_;.ging an olefgn g.le%ging

at least 3 carbon atomblad)a main component, in p%§%§kular,
(17.2) 3 1, 690 148
crystallddb polypropylene rbshs. Typicéd®. dxamples of the
(384) (8.3) (15. 4)

1, 7@Olyolefin 4fesins include5BOgh density polyethyleBe, middle

5

NA . . (12.0) (180)
density polyogefin, low demgpty polyoigfin, LLDPE, pglygmppylene

resins,6' 8613@1— —meth%ﬁ'p%ntenizili 3§tc Polypropylene r%slilrisl)are
&éléally crystaiilﬁgop lfl(prﬁpylene resgﬁgSand may(b gggro%ﬁene

homo oiﬁr&eﬁbr a random or block cdpolymer of ré%lene anci-§7small
PO 125 5 o9z o 1Jf. 6
amount of ethy(1488) or an a-olefin. (15.6) (17.6)

1,490 138 >1, 600 4.375

10

15

20

25

30.3 TWhen the polypropylene resim(s3p copolymer, the content

(11.1) (16.0) 9*
NPL ethylene orpgfher a-olefin in the gppolymer is 10 % lpy awight

or less, prfd‘.,erably frﬂb 0.5 to 7 ﬁDby weight in N’Ef' case of a
random c%p%?;\_/zner, M.Q‘ tkﬁ:)content ofl\%ther ot—olefinlz,iiG%rom 1 to

0 ¢ bNReight, preBrably from 1 to 25 % by weight, more preferably
from 2 to 20 § by weight, in particular from 3 to 15 % by weight
in the case of a block copolymer. Two or more polypropylene resins
may be used in combination.

As an index of the crystallinity of polypropylene, amelting
point, heat of crystalline melting, etc. are used. Preferably,
a melting point of the crystalline polypropylene is in the range
between 120°C and 176°C, and heat of crystalline melting is in
the range between 60 J/g and 120 J/g. When the melting point of
the crystal is too low, or the heat of crystalline melting is too
small, the material has low heat resistance.

To prepare the polypropylene resin, propylene is
homopolyerized to obtain a propylene homopolymer, or propylene
and an o-olefin having 2 or 4 to 12 carbon atoms, preferably
ethylene are copolymerized to obtain a propylene-o-olefin

copolymer by slurry polymerization, gas-phase polymerization,



(445) (4.6) 12+ 1,090 (7.5) 164
NA

?;84) 05> NA
(23.5) 13 1
>1, 600 4.125 35 56120(8'0) 167
(>488) 10,5 35 -
(10.5) (21. 2) 14+
NR ND 980 2.0 NA
(5. 1) ) (299)
bulk po ert95tion orlsdBftion polyRiérization or UhdBO
1.75 NA 170)
gggm combinatiogfl%gi) a single stepl\?pf mulld -step pto0O9s using 1885
: NA
(6.9) . C s . o ,
7iegler-Natta ca#84)st comprising a fitAni)m-centaining rgolid
Dr awdown raté = take-of f speed at which di mensional irregul ari%es Efatre

gfszved to {pitdalion aeeun ebmpbRefiakamdidn orgeannaheblic teomgsment, or
or age. Not an exanple of the present invention; provided_for
bagggr gtn i sr/rgl %)q(ge:&qq%tcﬁng catalyst: chepkisingal teaesitiporetad FPEREIECT3

_ reng eterm nation. ND = not_ det ' =
not applicabhegrdfsition metal of the 4A to oA ,qgomnogetla,%s%qexrﬂéﬂi'm ercg'gﬁg@ﬁe
data in Table 4, extrusion coating conpositions

o Ve ;

E; g:z ur gi rGr; ggjlaeﬁnlg?paﬁ ?/ersa: cinar ﬁ:ycéppzeaaééem&l/im@iqhygﬁn%g{ Eé%egﬁg%ﬁ%nd a
, llecul ar distribution allowed subst ' -

per f or mance eehpohemt. In addétimmdwmlw@tﬂﬂygﬁz’aggtﬁi’g‘%!%oifﬁ%lﬂcfcps&e&%gr( N

conpositions. However, surprisingly, the neck-in 15
it ‘ , , - per f or mance of su
conposi t i onsreasnal say shgritfacdant |y | ower than expected based on respect iCCe

10 The thermoplastic resin composition of the present
invention comprises the propylene copolymer of the present
invention and the thermoplastic resin. The thermoplastic resin
composition of the present invention preferably contains 3 to 95 %
by weight of the propylene copolymer (a) and 97 to 5 % by weight

15 of the thermoplastic resin (b) {{a) + (b) = 100 % by weight), more
preferably 10 to 90 % by weight of the propylene copolymer and
90 to 10 % by weight of the thermoplastic resin, in particular
15 to 85 % by weight of the propylene copolymer and 85 to 15 %
by weight of the thermoplastic resin.

20 When the amount of the propylene copolymer is too large,
that is, the amount of the thermoplastic resin is too small, the
composition may have low molding processability or insufficient
strength. When the amount of the propylene copolymer is too small,
that is, the amount of the thermoplastic resin is too large, the

95 composition may have low flexibility or scratch resistance.

pPreferably, the surface condition of the thermoplastic
resin composition is not deteriorated in the heat test carried

out at a temperature lower than the melting point of the



conponent material s. I n anot her eval uation, the
heat seal, hot tack, adhesion and tear properties of Exanpl e 1 was
determ ned and conpared to several comercially avail abl e seal ant extrusion
coating resins. Two different nultilayereqﬁ§tructures were used for the

heal seal and hot tack 20 determ nation.” The structures are as foll ows:
- 26- WO 96/ 16119
PCT/ US95/ 14840 Structure A 48 gauge

Host aphan[ er r{y ZERQ 3 18 IrBinTacRE IS, | 14R08LEX2MBLStion of the surface
condition means the generation of gloss on a matted surface of
a molded sample, and so on.
With the thermoﬁlastic resin composition of the present
5 invention, the change of the gloss value on a surface of a molded
sheet before and after the heat test at 110°C for 100 hours is
preferably 1 or less. When the change of the gloss value is more
than 1, the gloss due to the propylene copolymer appears on the
surface of a molded article made from the thermoplastic resin

10 composition of the present invention, and thus the appearance of
the molded article deteriorates.

In addition to the essential components, that is, the
propylene copolymer and the thermoplastic resin, the
thermoplastic resin composition of the present invention may

15 contain other rubber component, if necessary. Examples of the
rubber components include the following rubbers:
ethylene-propylene copolymer rubber, ethylene-a-olefin
copolymer rubbers comprising, for example, ethylene and 1-butene,
ethylene and l-hexene, or ethylene and l-octene, ethylene-

20 propylene-non-conjugated diene copolymer rubber, ethylene-o-
olefin-non-conjugated diene copolymer rubber, polybutadiene,
styrene-butadiene block copolymer rubber, styrene-butadiene-
styrene block copolymer rubber, styrene-butadiene random
copolymer rubber, partially hydrogenated styrene-butadiene-

25 styrene block copolymer rubber, partially hydrogenated
styrene-butadiene random copolymer rubber, styrene-isoprene
block copolymer rubber, partially hydrogenated styrene-isoprene

copolymer rubber, polyacrylonitrile rubber, acrylonitrile-



5 Structure B: 30 I bs. (13.6 kg) Bl eached

Machi ne- G ade Kraft Paper/0.75 m| (0.02 mm) Primacor 3460/0. 0035 gauge

A- Type Wettabl e Al um num Foi | / Exanpl e Host aphan 2DEF
is a polyester filmsupplied by Hoechst Digfoil and Primacor resins 4608 10
and 3460 are ethylene acrylic acid (EAA) interpolyners supplied by The Dow
Chem cal Conpany. For adhesi on determ nations, 0.035 gauge
A-Type wettable Alum numfoil and 50 gauge ori ented pol ypropyl ene

t PR t i i |
wer e separa %Mtﬁi&%%mm&.hgb%? Barei £ Whidwircdgenkxadpl e was

bei ng coated at 400 f Adhesi on was taken as resistance to

del ami nati on 9&rylonitSERAMaAA cABAcYBE1 Y1aé £ Aok, t atityel yubbem excel | ent
to poor where an "excellent" rate denote 15 t he Exanpl e was highly

resi stance tocSEPBSEHdrNribesr Pl hedo rawkiet | ¥hlorosul fonated pdegethylene,
properties were determ ned in accordance with ASTM D1922 and is reported in

grans. de8i csid engide njasireehaate edubbéh, iektd he nmachi ne direction (D)
and in the cross direction (CD) for t he Exanple coated at 440 fpm
(122 npm) Hnto 50- 1bf HR2dePrir af trpapbinkifie agemh Stichrasta apdride or
is used herein to represent the average between MD and CD El nendorf tear
val ues and, | skefiisean2® added tepdre Buermopfraatslc resin compositiqie cress
initiation tenperature is defined as the mninmumtenperature for a 2 1b/in
(0.4 kgltmk Sheelcamposigtion . HeBir Bwenmarsst the gggr@@p.%a%ihl% pWave
Hot Tack Tester using a 05 second cdwel | tine with a 40 psi (0. 28 MPa)
seal bar pressomposiioned $hepepseredt HMVentisy epgneentaly yitioxid ge
of 60 - 160[err]C by folding the sealant |ayer over and sealing .t to
itsel f. The sbeabsitablidéapss 25V rappRsoieett %ﬁbﬁb%ﬁ%t%f%’?lftfréi}%%n%'de
using an Instron tensioneter at %@10 in/m a éSl cmmn.) crosshead
rate. ThelheaPigBartes ridhgiat suadltdReReHr AR JHest strength in pounds

inch f h l.e i he . f..60 .- f
Phe soaling bar burARSThF SOBI eSSt it BropY o GBpAEycr G IR el

a2l 20 SR & M Sl 19210 85! UG 0 0U FBUR SPerkeBREL AL @
invention may contain other resin component (e.g. rosin resins,
polyterpene resin, synthetic petroleum resins, coumarone resins,
15 phenol resins, xylene resins, styrene resins, isoprene resin,
cyclic olefin resins, etc.), if necessary.

The thermoplastic resin composition of the present
invention can be prepared by melting and kneading the components
with, for example, a twin-screw extruder, a Banbury mixer, etc.

20 The thermoplastic resin composition of the present
invention can be molded by any known molding method such as
extrusion molding, injection molding, compression molding, blow
molding, vacuum molding, powder molding, calender molding, etc.
Examples of the powder molding include slush molding, flow-dip

25 molding, electrostatic coating, powder spraying, powder
rotational molding, etc.

The thermoplastic resin composition of the present

invention is preferably used to produce domestic electric



30 develop a 4 Newton/in (1.6 Ncm seal strength. Hot tack testing was
perfornmed using a Topwave Hot Tack Tester set at a 05 second dwel |,
0.2 second delay tinme, and 40 psi (0.28 MPa) seal bar pressure. Hot
tack seals were made at 5 increnments int tenperature range of 60 - 160C
by. folding the seal ant |ayer over a hot tack sealing it to itself.
The peel rate applied to the so- formed hot tack seals was 150
nmmsec. The tester pulled the seal imrediately after the 0.2 second 35

del ay. Hot t t h : . o
68- %0[ err] Ca?%@r%lea;rg?%’e ABSnbBiEE BErtle JE MY IR a¥Ak Y8s) Net8E by

IDCT; US95/ 148 416aking WROG/A16119 cvcellent properties. As automobile parts,
interior surface materials of instrument panels, doors, pillars,
etc. and air-back covers are exemplified.

5 EXAMPLES

The present invention will be illustrated by the following

examples, which will not limit the scope of the present invention.
[1] Measurement of properties of propylene copolymers
(1) Intrinsic wviscosity [n]

10 An intrinsic viscosity was measured using a Ubbellohde
viscometer in Tetralin at 135°C. Three hundred grams of a
copolymer sample was dissolved in 100 ml of Tetralin to obtain
a solution having a concentration of 3 mg/ml. Then, this solution
was diluted to decrease the concentration to 1/2, 1/3 or 1/5, and

15 aviscosity of each solution was measured in a constant temperature
vessel kept at 135°C+ 0.1°C. At each concentration, the viscosity
was measured three times, and the averaged value was used as an
intrinsic viscosity. .

(2) Molecular weight distribution

20 A molecular weight distribution was measured by a gel
permeation chromatography (GPC) method using a 150C/GPC apparatus
of Waters, Inc. An elution temperature was 140°C, a used column
was Sodex Packed Column A-80M manufactured by SHOWA DENKO
Kabushikikaisha, and a standard sample for a molecular weight was

95 polystyrenes, for example, polystyrenes having molecular weights
of 68 to 8,400,000 manufactured by TOSOH CORPORATION.

About 5 mg of a polymer was dissolved in 5 ml of o-

dichlorobenzene to obtain a solution having a concentration of



range for the Exanple. The hot tack w ndow was taken as the tenperature

range where the hot tack strength was >4 Newtons for Structure A
and >8 Newtons for Structure B. Table 5 illustrates t he conparative
performance properties of Exanple 1. 59

Table 5 5 Exanpl e 1 15
17 18 19 Extrusi on Tenperature, [err]F

([err] O 610 618 614 550 550
(321) ( (32 I
Initiation. 3%?31}1: 1 mg/mi(.32Bhe Sotbp:gé%lﬁéie%&ﬁ(}ple solut{&88400 ul) wasH H%?}bc%@é
95- 19%he column. 88 flow rate of88n eluting solﬁéﬁb@iawe.@ml/mln. ,

97 105 117 ND ND Heat Sea
Strength, | bsdnd tHeg/eQmted fractions SidrectdgtecBed with a refractive index
14.0 10.0 10.0 9.5 10.0

(2.5) (1.8tector. (1.8) (1.7) (1.8)

Structure B 7.8 7.0 7.0 ND
7.5 5 Then, a ratio of the measured weight 4)erage(fioR§cular
(1.2) (1.3

weight (Mw) to the measured number average molecular weight (Mn),
which are both polystyrene-converted molecular weights, was
calculated, and used as a molecular weight distribution of the
propylene copolymer of the present invention.

10 (3) Measurement of heat of melting and heat of
crystallization with differential scanning
calorimeter (DSC)

DSC 220C of Seiko Electronic Industries, Ltd. was used as
a differential scanning calorimeter, and the measurement was
15 carried out at a temperature raising or decreasing rate of
10°C/min.
(4) Contents of monomer units in copolymer
Calibration curve:
Each of mixtures containing a propylene homopolymer and an
20 ethylene-l-butene copolymer at various ratios was heat pressed
to mold a film having a thickness of 0.05 mm.
Using an IR spectrometer, an absorbance at a peak due to
the propylene units (at a wave number of 1,150 cm™) and that at
a peak due to the l-butene units (at a wave number of 770 cm™)
25 were measured. Then, the contents of the propylene units and
l1-butene units in the mixtures were plotted against the
absorbances, respectively. A regression curve was obtained from

the plots and used as a calibration curve.



Hot Tack Initiation, [err]C Structure A

95 CND CND 87 90 Structure B
98 112 117 94 95 Hot Tack
Strength, Nin (Ncm StructurgA 85
2.5 3 10

(3.3) (1.0) (1.2) (3.9) (3 9)

Structure B 16 ( ) ND
14.5 The mixtures of r

(3 1) 1xt(5 f) the p o%lerglgachl?mvo\f%@g@er glracri 8he
Structure B >§tﬁ{¢l’€r€é¥81 -butene copolymefwere prepajr%d by dlssolvn"_ﬁg the both

75 Structure A >4 Netwon 25

0 IQolymers in t@3uene, addln@ﬁnethanol toA@h%SbgmuB%hEgto

Al um num Foi |

E }_Erec1p1tate t@él pbl?ﬂe?&hmwﬁé@ engd drylng the pre&lpltated P
p El mrendorf Tear Strength, g 327
121 5 I%L‘Qﬂner mlxtuhslls ND E = excellent; G = good; F

= fair; P = poor; ND= not determ ned; CND = could not determ ne since hot
tack strength did Miasexepedtd dEwamsents of atropylehenpadal tbetdod: an
exanpl e of the invention; provided for conparative purposes Conparative
Exanpl es 17 and 18 Arsobefiirxc@@llymer was drehtPpireased 132440 1dbat i lof hekiind
are supplied by The Dow Chem cal Conpany. Conparative Exanple 19 is Surlyn
i onomer 1652 awrhékkngss of 0.88ppti eadbgb Seipeattcatheatyiped ksCdupany pro@ylene

units and l-butene units, respectively were measured with an IR
10 spectrometer. Then, the contents of the propylene units and the
l-butene units were read from the above calibration curve using
the measured absorbances.
Measurement of content of dicyclopentadiene (DCPD):
An olefin copolymer was heat pressed to mold a film having
15 a thickness of 0.5 mm, and a peak transmittance due to
dicyclopentadiene (at a wave number or 1,611 cm™) was measured
using an IR spectrometer. Then, the content of dicyclopentadiene
in the olefin copolymer was calculated.
Measurement of content of 5-ethylidene-2-norbornene (ENB) :
20 An olefin copolymer was heat pressed to mold a film having
a thickness of 0.5 mm, and a peak transmittance due to 5-
ethylidene-2-norbornene (at a wave number or 1,650 cm™) was
measured using an IR spectrometer. Then, the content of 5-
ethylidene-2-norbornene in the olefin copolymer was calculated.
25 [2] Synthesis of propylene copolymers
Example 1
Ethylene, propylene, l-butene and dicyclopentadiene were

continuously copolymerized in a 100 liter SUS polymerization



Table 5 shows I nventive Exanple 1 had excellent seal ant properties, naking

I t. useful as a sealant layer in both nonolayer or nmultilayer
constructi ons.
-28-
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vessel equipped with agitation blades. That is, hexane as a
polymerization medium was supplied at a rate of 83 liter/hr. from
the lower part of the vessel, while the polymerization liquid was
removed from the upper part of the vessel at a rate such that the
5 amount of the polymerization liquid in the vessel was maintained
at 100 liters. As a catalyst, dimethylsilyl-
(tetramethylcyclopentadienyl) (3-tert.-butyl-5-methyl-2-
phenoxy) titanium dichloride represented by the formula described
below, triphenylmethyl tetrakis (pentafluorophenyl) borate, and
_10 isobutylaluminum (hereinafter referred to as "TIBA") were
continuously supplied from the lower part of the vessel at rates
of 0.068 g/hr., 2.067 g/hr. and 3.960 g/hr., respectively. The
molecular weight was controlled with hydrogen. The
copolymerization was carriedout at 50°C while circulating cooling
15 water in a jacket which was attached to the exterior of the vessel.

To the polymerization liquid removed from the vessel, a
small amount of ethanol was added to terminate the polymerization,
followed by the removal of the monomers and washing with water.
Then, the solvent was removed with steam in a large amount of water

20 to recover the copolymer, which was dried under reduced pressure
at 80°C for one day.

By the above procedures, the ethylene-propylene-1-
butene-dicyclopentadiene copolymer was obtained at a rate of 2.2
kg/hr.

25 Dimethylsilyl (tetramethylcyclopentadienyl) (3-tert.-butyl-5-

methyl-2-phenoxy) titanium dichloride:



1. An et hyl ene pol ymer extrusion conposition conprising from about 75
to 95 percent, by weight of the total conposition, of at |east one
ethylene/[err]-olefin interpolynmer selected fromthe group
consisting of a substantially |inear ethylgne pol yner, a honogeneously
br.anched | inear ethyl ene pol ymer g d a heterogeneously branched
| i near ethyl ene polyner, wherein the ethylene/[err]-olefin polyner is 5
characterized as having a density in the range of 0.85 g/cc to 0.940 g/cc
and from about 5Meo 25.percent, by wei ght of the total conposition,
of at |east one hi essure ethyl ene polynmer characterized as having a
melt index, I[err ss than 6.0 g/10 mnutes, a density of at |east 0.916
g/cc, a nelt f at least 9 cN as determ ned using a
Gottfert Rheotens Me 190[err]C, a Merr]/Merr] ratio of at least 7.0
and a bi nodal med _Cl wei ght distribution as determ ned by gel
pernmeati on chrongt graigym~¥@erein the et hyl ene polyner 10 extrusi on

f

conposi ti on has"€ It ¥ndex, I[err], of at least 1.0 g/10 m nutes.
2. The conpogéR Claim1l, wherein the at |east one ethylene
[err]-olefin interpolyner is a substantially |inear ethylene

I nt erpol yner ch %ed as havi ng: 15 (a) a
nelt flow ratiMf | err]P¥[err], determined in accordance with ASTM D 1238,
Condi ti on Examples 2-4 and Comparative Examples 1-3

A copolymer was prepared in the same manner as in Example
1 except that the polymerization temperature, the feeding rates
of the catalyst components, and the feeding rates of the monomers

were changed as shown in Tables 1 and 2.

(7]

Table 1
Unit | Ex. 1 | Ex. 2 | Ex. 3 | Ex. 4
A-1 A-2 A-3 A-14
Polymerization temperature °C 50 50 45 45
Ethylene kg/h | 2 2 2.3 1.8
Propylene kg/h | 8.3 8.3 2.4 2.4
1-Butene kg/h 12.7 12.7 |15.2 13.0
DCPDY kg/h | 1.04 1.04 0.75 0
ENB? kg/h | O 0 0 0.60
(a)® g/h 3.960 | 2.376| 2.625| 1.315
(b) ¥ g/h 2.067| 0.964| 1.378 ] 0.689
(c)? g/h 0.068| 0.068| 0.046| 0.023
Ethylene content mol % {19 19 50 47
Propylene content mol % { 37 33 16 13
1-Butene content mol % |43 47 33 39
DCPD content mol % | 1 1 1 0
ENB content mol %] O 0 0 1
Crystalline melting point °C None None None None
Heat of crystalline melting | mJ/mg | None None None None
Crystallization temperature| °C |None None None None
Heat of crystallization mJ/mg | None None None None
Intrinsic viscosity [n] dl/g | 0.9 0.9 0.8 0.8
GPC Mw/Mn 2.7 3.1 2.7 2.2
Notes: 1) DCPD: dicyclopentadiene.
2) EMB: 5-ethylidene-2-norbornene.
3) (a): triisobutylaluminum.
10 4) (b): triphenylmethyl tetrakis (pentafluorophenyl)-

borate.



190C/ 2. 16 kg. and ASTM D- 1238, Condition 190C/ 10 kg., [err]5.63,
(b) a mol ecul ar weight distribution, Merr]/Merr], as determ ned by ge
perneation chr omat ogr aphy and defi ned by
the equation: (Merr]/Merr]) [err] (I[errdgl[err]) - 4.63, where 20
I [-err]/I[err] is determ ned in accordance wth ASTM D- 1238, Condition
190C/ 2. 16 and ASTM D, Condition 190C/ 10
Kg., o (c) a gas extrusion rheol ogy such that
]Ehe tcrltl ]gal fﬂear L@t e(At: ;am@tthqnssmylgtetfmhéthylcyclopentadienyl)—
racture for e substantialky:Line _ L ' 0
percent greater 25 (# téf@fﬁﬁnﬁh_xﬂﬁ@%hgq ?ﬁgﬁe?§é§t$%?%%§f§shear
rate at the onset of surfac8lfeter¥d&cture for a linear
et hyl ene polymer, wherein the substantially linear ethylene polyner and the
| i near Etﬁileﬂeb olyner conprise the sanme conononer or conononers, the
et R/l end g%lyner has an IJerr], Merr]/Merr] and density wjthin ten
he

| i near
percent of t Unit |C. Ex. SubsEantilgl.1Bx.13 phear
et hyl enepol yprer and wherein the respe¢tive ¢riat+zal| slze@r 30 A-7
rates of the[BIHTHARLEA Y tehperHta8y | €rre pQlsger ajeb t he T[inear ef hyl ene
pol ynmer Ethvlene kq/n AT & MEaspiEg at [the-sang melt
t enperature .??6 12,975 c;trusiun e e AT gt 5.3 —__
(d) a singte u‘le'n'eer efttat—scanning A i lnf&l-y, %9, 7”[—,‘i tTog-pepk
bet ween -30 A o = - ropterrif€—35
3. The C\'&mi tion-of Clains 2 r\)sgéhn P - P A AP A & N T
o I S Ao 771 B A N MW
et hyl ene pol yaEY has—§—-%—t4 ongr-era-p—hranches! 1000
car bons. (a)” g7h 3. gd \1%84 -
(b)? : g/h 2.067 0.276 —=
(c)? g/h 0.068 0.018 ——
Ethylene content mol % |19 11 59
Propylene content mol % |36 40 39
1-Butene content mol % | 45 49 -
DCPD content mol $| O 0 -
ENB content mol %] O 0 2
Crystalline melting point °C | None None None
Heat of crystalline melting | mJ/mg | None None None
Crystallization temperature °C None None None
Heat of crystallization mJ/mg | None None None
Intrinsic viscosity [n] dl/g 1.0 1.0 1.4
GPC Mw/Mn 2.5 2.2 3.9
Note: A-7: ESPRENE EPDM E501A manufactured by Sumitomo Chemical
Co., Ltd.

[3] Evaluation of thermoplastic resin compositions
10 Examples 5-11 and Comparative Examples 4-8
Components shown in Tables 3, 4 and 5 of the indicated
amounts were kneaded with a twin-screw batch type kneader
(LABOPLASTOMILL manufactured by TOYO SEIKI Kabushikikaisha) at
200°C at a screw revolution rate of 100 rpm for 3 minutes. The
15 obtained composition was pressed at 200 °C to form a sheet having
a thickness of 2 mm unless otherwise indicated.

Test specimens for property measurements were stamped out

from the pressed sheet.



4 The conposition of Claim3, wherein the substantially |inear

et.hyl ene pol yner 40 has at |east about 0.1 I ong chain branch/ 1000
car bons. 45

-29- _ _ 5 The conposition of C aim4,
wherein the substantially |inear ethylene polyner has at

| east about 0.3 Iong chain branch/ 1000 carbons.

6. . The conposition of Claiml1, wherein the [err]-olefin is at |east one

Qerr]-derr] [err]Iﬁlﬁgéﬂbles 5-11 and Comparative Examples 4-8, the
properties of the thermoplastic resin compositions were measured
as follows:

(1) Bending test
5 The bending test was carried out according to JIS K7203.
(2) Heat resistance test
A press molded sheet having a Grain C skin grain design and
a thickness of 1 mm (15 cm square) was produced with a press molding
machine so that a surface gloss value on the surface having the

10 Grain C skin grain design Was 2 or less. The press molding was
carried out by melting the thermoplastic resin composition for
5 minutes with upper and lower press plates at 200°C under a
pressure of 5 kg/cm’G, and then cooling it with the same press
mold machine (50 kg/cm’G while cooling the upper and lower plates

15 with water).

The sheet was cut to a size of 5 cm x 3 cm, and placed in
a gear oven (PHH type; manufactured by TABAI), the tank interior
temperature of which was maintained at 110°C, for 100 hours with
the surface having the skin grain design facing upwards.

20 Before and after the above test, a surface gloss value on
the surface having the skin grain design of the press molded sheet
was measured with a varying angle type digital glossmeter (UGV-5DP
Type manufactured by SUGA SHIKENKI) with setting both an incident
angle and a light-receiving angle at 60 degrees. All the gloss

95 measurements were carried out after cooling the samples to room
temperature.

{(3) Scratch resistance test

Using a surface-property measuring apparatus TRIBOGEAR



5 7. The conposition of Caim6, mhereih t he

[err]-olefin is selected fromthe group consi sting of propyl ene,

1- but ene, 1-isobutylene, 1-hexene, 4-nethyl-1-pentene, 1-pentene, 1-heptene
and 1 -octene. 10 6 8. The conposition of
Claim?2, wherein the ethylene [err]-olefin ?nterpolyner conposi tion
Is in the range of 85 to 95 percent, based on the total weight of the
composition, the high pressure ethyl ene pol yner conposition is in

the range of m%%cﬁ%i@%&esﬁfﬁ@ S, %)t,oﬁl‘?é MEiraht 9F 4 B@essed sheet

conposition, ssure ethylené polyner conposition iIs

characteri zedyag; hau #818xABLE d 96 was scratdfed 858 ¢taht0sBLL8 with
m nutes, a density of at |least 0.916 g/cc, a nelt strength of at |east 15

cN as det er ni gegradfchints nBadaeGos bitaldn Bhesi@nst B0t gatad 3MAREHC. Phen,

Merr]/Merr] ratio of at least 7.3 and a bi npdal nol ecul ar wei ght
distribution agedfitibRathd¥cegt cRefa¥eabhoir EAWIFRL 8 HAMNt-type surface

9. The conposition of Claim8, wherein the ethylene a-olefin
i nter pol yner roughness meter SURFCOM (manufactured by Tokyo Seimitsu) in the
order of micrometers.

(4) Tensile test

Using a No. 1 dumbbell shape test piece defined in JIS K6301,
the tensile test was carried out at a pulling rate of 200 mm/min.

10 (5) Haze

A haze was measured with a pressed sheet having a thickness
of 2 mm according to JIS K7105.

(6) Resistance to whitening on bending

A molded article having a thickness of 1 mm was cut to a

156 size of 1 cm x 5 cm, and the degree of whitening was observed with
an eye when the test piece was bent at an angle of 180 degrees,
and evaluated according to the following criteria:

1: Whitened: Ranked X

2: No whitening: Ranked O

20 The results are summarized in Tables 3, 4 and 5.

The thermoplastic resin compositions comprising the
propylene copolymers of Examples which satisfy the requirements
of the present invention had a low flexural modulus, suffered from
nether whitening on bending nor marks of deep scratch, and had

25 high transparency. Furthermore, they had high heat resistance
so that no deterioration of the surface properties were observed

after the heat test.



conposition is a copolyner of ethylene and 1 -octene and the high pressure
et.hyl ene pol ynmer conposition is 20 an et hyl ene honopol yner.

10. The conposition of Claiml1, wherein the at | east one ethyl ene
[err]-olefin I nt er pol yner conposité&n i s a honbgeneously branched
| i.near ethyl ene pol yner. 25 11. The conposition

of Claiml1, wherein the at |east one ethylene [err]-olefin
i nt erpol ymer composition is a heterogeneously branched |inear ethylene

pol yner . 1 12. The conposition of Claimi1,
wherein the a?a?e%s% one high pressure ethyl ene pol yer _canpasition
I S.an et hyl eheopobmapat yner. 30 Unit Ex. 5| Ex. 6 13FEXThe |dshpdsilti on
of Caiml, WRefern the at [east orlewt.gly grassur ¢ ethyl gre-—pol yrer
conposi tion [g_sn rnterpol ymer of iRy ere fand at [lgast qrgs unsatsgr at eg
comononer. g wt. 8 |64.7 |-—— |-— [-—--

C wt., & [-—- 20 35 50

D wt. % 0.1 0.1 0.1 0.1

E wt., % 1 1 1 1

Flexural modulus kgf/cm? | 3644 31 147 541

(MPa) (357) (3) {14) {53)

Depth of scratch jim 53 - - 53

(500 g load)

Gloss

-0 hour 0.6 1.0 1.0 0.7

-100 hours 0.3 1.0 0.9 0.4

Agloss 0.3 0.0 0.1 0.3

Tensile strength MPa 19.4 0.9 4.4 9.8

Tensile elongation % 890 2060 1130 1140

Resistance towhitening 0 0 0] 0

on bending

Haze') (2mm thickness) $ -—— —_— -— -

Notes: B: Propylene homopolymer having MI of 14 (g/10 min.) at
230°C under a load of 2.16 kg.
C: An ethylene-propylene random copolymer (ethylene
5 content of 5 wt. %) having MI of 228 (g/10 min.) at
230°C under a load of 2.16 kg.
D: IRGANOX 1010 (manufactured by Ciba-Geigy) .
E: DRY COLOR PV-801 (manufactured by SUMIKA COLOR Co.,
Ltd.). |
10 1)} The haze was measured with samples containing no
component E (DRY COLOR PV-801).
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14. A process for making an et hyl ene pol yner extrusion conposition
conpri si ng: (a) cogpi ning 5 to 25 percent, by
wei ght of the extrusion conposition, of the at
| east one high pressure ethylene polymer wwth 75 to 95 percent, by wei ght
5 - of the extrusion conposition, of the at |east
one ‘et hyl ene t&51d -0l efin i nt er pol yner,
wherein the at_least one high pressure ethyl epe
poPymer is chEPPHEARISi ng addi tion |equihberentExha® |iEx.padt Bof, 11
t he pol yneri g&t2on process used to |[pme&pare |t40e at |l-east (ne-et hyl ene a-
olefin interp@yner, to prepare an |etfy] gnd ol yngrsgeXT T Jysian cynposi tion
10 A-4 havi Ng g¢Melt TIdex, tierri-[f=at|l east 1.0
g/ 10 mi nut esrgnd a meTk=Tmat & T 1[5 | — (0.025
nmm nonol aye cextrusioncoatag—wehghi—et—gt-4-e SLSUL perc%nt ower

D wt. % 0.1 0.1 0.1

E wt. % 1 1 1

Flexural modulus kgf/cm® [ 1113 496 483

(MPa) {109) {(49) (47)

Depth of scratch um -——- 76 81

(500 g load)

Gloss

-0 hour 1.0 0.8 0.8

-100 hours 0.4 0.9 0.9

Agloss 0.6 0.1 0.1

Tensile strength MPa 12.8 8.2 8.1

Tensile elongation % 1020 850 890

Resistance towhitening 0 0 0

on bending

Haze') (2mm thickness) ) — 70 60

Note: 1) The haze was measured with samples containing

component E

(DRY COLOR PV-801).

no

Table 5

Copolymer Unit |C.Ex.4]|C.Ex.5|C.Ex.6[C.Ex.7][C. Ex. 8

A-5 wt. % |35.3 ——— -—— -—- -

A-6 wt. & | --- 50 —— -—— —_——

A-7 wt. % | —--= -— 50 - -

B wt. % | 64.7 —_— —_—— 100 -—=

C wt. & [ --- 50 50 —_—— 100

D wt. % 0.1 0.1 0.1 -—— ——

E wt. % 1 1 1 -— ——-

Flexural modulus kgf/cm?| 3378 557 602 13340 6827

{MPa) {331) {55) (59) (1307) (669)

Depth of scratch pm 62 66 189 —— -—=
{500 g load)

Gloss

-0 hour 0.6 0.8 0.5 - —-—
-100 hours 9.3 4.3 0.5 -— -—-
Agloss 8.7 3.5 0.0 —— ———

Tensile strength MPa 15.6 7.1 4.0 40.1 16.9

Tensile elongation % 610 720 25 10 340

Resistance to 0 0 X X X

whitening on

bending

Haze®) % - -—- 93 87 87
(2mm thickness)




t han the expected neck-in value for the conposition, and
(b) coll ecting or conveying the extrusion conposition in a formsuitable

for subsequent use. 15

15. A process for using an ethyl ene pongEr extrusion conposition to nake
an extrusion coated substrate, an extrusion profile or an extrusion
cast filmconprising: (i) feedi ng an et hyl ene
pokymer conposition into at |east one extruder of an

extrusion lin enei h h ti_Qn i from 20
75 to 95 perc§%¥&mbgsm2F%h§ag% thﬂﬁ%% conpggyggglle% éﬁggeﬁgﬁao%%

et hyl ene/ a-ol efin |nten&gh%ﬁgﬁﬂ§gjq@@QdCBF@§1§9e &1 pup
y

consisting of a substantially |inear ethylene polyner conposition, a
honogeneously branched |inear ethylene polynmer conposition and a

het er ogeneousl y branched |inear ethylene polymer conposition, wherein 25

t he ethylene/EEFm¢T@I@#|mHg niNeENeryNer is characterized as having a

density in the range of 0.85 g/cc to 0.940 g/cc and a melt index, I[err],

in the 5 As explained above,’ 8R8€pRpP.chd Bopl1 ghdP J8 'EHEE‘;%esaéH{:
from5 to 25 percent, by weight of t he

conposi tion, bhvehntimadts iiged wiedsureeeimhyeheadBdBiropylene to prov1de
characteri zed as having a nelt index, I[err], less than f 0 g/10 mnutes, a
30 a thermoplastic rd@nmktmmmﬁlauohem§¢1ﬂb$ék&eg&éﬁt BléeiBility,
strength of at |least 9 cN as determ ned usi ng
a Cottfert Rheoamspangnay,atresd6fenceCroawhM eenirdvcer ienddhnigp etratcheast
7.0 as determ ned by gel perneation

chr omat ogr aph¥eskttanas modahens| sealafance. wei ght
di stribution as determ ned by gel perneation chromatography,

and wherein the ethylene polyner extrusion conposition has a nelt index, 35
I[err], of at least 1.0 g/ 10 m nutes,
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(i) nmelting and m xi ng the ethyl ene pol yner conposi-tionte—fermat—teast

one uni form nol t en pol yner stre
(iii) operating the extrusion line at |ine speeds gre m‘j{mlﬂm

met er s/ m nut e, (iiip2 extrudlngt

streamthrough a die to forma primary 5 .

extrudate, and either (a) drawi ng down and
cooling the extrudate to prepare the ext g _

profile of at |east one |ayer of the et ﬁf pol ymer extrusion

COTT'pOSI tion, or

extrudate onto the SubSFPRYECES %%é)rlgglfrc%%{?pﬂ?el%pmp%ng 22 eddone
substrate wi totlre"ftlnl £85L- 088 £ e G %E)R%!L%Q? 80| ¢ fﬁxgdlg%ﬂg%& to

conposi ti on,

cooling the %"c‘é%ﬁﬁ Eéﬂsaeﬁ@é%f’c%f pg/?\é{n%e Bgﬁy?ec Cpo yorrleerfln' wherein

make the filmw th at | east one hé e _
extrusi onscompRstét &N nuaBdrIF carbon atoms of the Iﬁﬁﬁaxy?f%%}ég}ébﬂgcﬁ’é cyclic

collecting the profile, the coated substrate or t
subsequent uggBefin is at least 7.

2. The propylene copolymer according to claim 1, wherein
a content of said cyclic olefin is from 0.01 to 20 % by mole.

3. The propylene copolymer accofding to claim 1, wherein

10 said cyclic olefin is a cyclic monoolefin.

4. The propylene copolymer according to claim 1, wherein
said cyclic olefin is a cyclic polyene.

5. The propylene copolymer according to claim 1, wherein
a content of an olefin having 2 carbon atoms is 80 % by mole or

15 less.

6. The propylene copolymer according to claim 1, which
satisfies the following relationship:

[y/(x + y)1 2 0.2
wherein x is a molar content of an olefin having 2 carbon atoms

20 in the copolymer, and y is the molar content of olefins having
4 to 20 carbon atoms in the copolymer.

7. The propylene copolymer according to claim 1, which has
an intrinsic viscosity [n] of from 0.3 to 10 when measured in
tetrahydronaphthalene at 135°C,

25 8. The propylene copolymer according to claim 1, which has
amolecular weight distribution (Mw/Mn) of 5 or less, when measured
by gel permeation chromatography (GPC).

9. The propylene copolymer according to claim 1, which has



16. The process of Caim1l5, wherein the at |east one | ayer of step

(ii1)(a), (iii1)(b) or (iii)(c) is a seal ant Iayer adhesive tayer or
abuse resistance |ayer. 20 Clalm
15, wherein the at | east one | ayer of step76| i )(b) i I@j 'm, mT,EE

| ayer . 18. An article conpri Sie one

| ayer of an ethyl ene pol yner extrusion 25 conposition, wherein the
extrusi on conposition conprises from75 to 95 percent, by weight of the

total conpositieRne®f adbehRast ONE Ll heRe/ BEET Lo 0kRd inke1 Ry RY VAL tals
sel ected fromthe group consisting of a substantially |7 near éthylene

pol'ymer conposidri @npeakheFDYENLYUSE \nd¥earihed o crystbw;eaat%ﬁylﬁmetwl ymer
conposition and a heterogeneously branched |inear ethyl ene pol yner

conposi tion, weeserembhe viby| englBradeftinl RlcahpehymBalbsikdREACtBYd)zed as
having a density in 30 the range of 0.85 g/cc to 0.940 g/cc and fron15 to
25 percent, by wei gho.ofhé beopgtlahecosmasjnidwaccotdahg to clalifas) waienhigh
pressure ethyl ene polyner characterized as having a nelt index, I[err],

| ess than 6. 0obtainedgbgObwi oepekymer iddmg) pyropfylahel east 18a 8 6ol cElefamel t

strength of at least 9 cN as determ ned using a GCottfert Rheotens
unit at 190[ esel€ctadMrmy thd/foeonp gatsistdhgat £ béasing Mavdasgdetter 20 nadbby
gel perneation chromat ogr aphy and a bi nodal nol ecul ar wei ght

di stribution atonst ekatRbdYPYEngpemmdati opclbc okdf onaitrogihapyresande of
wherein the ethyl ene pol yner extrusion conposition has a nelt index,
I[err], of an oApfimaBPlymeripaiiqn watedyst comprising the following

component (A), and one or both of the following components (B)

10 and (C):
(A) at least one transition metal complex selected from the
group consisting of the compounds represented by the following

formulas [I], [II] and [III]:

R6 /Cp - X‘l

- /M\X
4
R A
[1]
R® R
c 1
M M J
R [T R

R? A A R4 [II]

M M
R4 A A R* (I ]
R3 R1 R1 R3

2
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PCT/U$95/14840 19. The artlcle of Claim 18,
wherein the ethylene polynmer conposition is in

extrusion profile, an extrusion coating in}](_) a substrat g‘mﬂﬂ I“ﬁ“l'l‘ulm

cast fi
t he at
seal ant

| m
| east

| ayer,

10

15

20

25

5 20. The  article of lkm L wheer ei n
one layer of an ethylene pol ymer conposition |s an
adhesive | ayer or abuse resistance |ayer.

wherein M* is a transition metal element of the 4 group of the
Periodic Table, A is an element of the 16 group of the Periodic
Table, J is an element of the 14 group of the Periodic Table; Cp'
is a cyclopentadienyl anionic moiety; X*, X, R', R, R’, R', R® and
R® represent independently each other a hydrogen atom, a halogen
atom, an alkyl group, an aralkyl group, an aryl group, a
substituted silyl group, an alkoxy group, an aralkyloxy group,
an aryloxy group or a di-substituted amino group, provided that
R*, R?, R®, RY, R® and R® may optionally be bonded to form a ring;
and X® is an element of the 16 group of the Periodic Table; provided
that two M', A, J, Cp', X}, %%, x’, R}, R}, R, R%, R’ or R® in the
formula [I] or [II} may be the same or different.

(B) at least one aluminum compound selected from the group
consisting of the following compounds (B1), (B2) and (B3):

(B1) an organic aluminum compound of the formula:

E'AlZ,,,

(B2) a cyclic aluminoxane of the formula:

[-AL (E*) -0-1,
and

(B3) a linear aluminoxane of the formula:

E®[-Al (E®) -0-] AlE?,
wherein E!, E? and E® represent independently each other a
hydrocarbon group, provided that all E''s, all E*'s and all E’'s
may be the same or different; Z is a hydrogen atom or a halogen
atom, provided that all Z's may be the same or different; a is
a number which satisfies the formula: 0 < a £ 3, b is an integer
of 2 or more; and ¢ is an integer of 1 or more. -

(C} at least one boron compound selected from the group



10

15

20

25

—_

BT

consisting of the following compounds (Cl), (C2) and (C3):

(Cl) a boron compound of the formula: BQ'Q%*Q°,

(C2) a boron compound of the formula: G'(BQ'Q*0°QY)",
and

(C3) a boron compound of the formula: (L-H)'(BQ'Q?Q°Q*)"
wherein B is a trivalent boron atom, @, @, Q® and Q' represent
independently each other a halogen atom, a hydrocarbon group, a
halohydrocarbon group, a substituted silyl group, an alkoxy group
or a di-substituted amino group, G’ is an organic or inorganic
cation, L is a neutral Lewis base, {L-H)® is a Brgnsted acid.

11. The propylene copolymer according to claim 1, wherein
A in the formula [I]), [II] or [III] is an oxygen atom.

12. The propylene copolymer according to claim 1, wherein
X’ in the formula [II) or [III] is an oxygen atom.

13. The propylene copolymer according to claim 1, wherein
R' in the formula [I], [II] or [III] is an alkyl group, an aralkyl
group, an aryl group or a substituted silyl group.

14. The propylene copolymer according to claim 1, wherein
X" and X® in the formula [I], [II] or [III] represent independently
each other a halogen atom, an alkyl group, an aralkyl group, an
alkoxy group, an aryloxy group or a di-substituted amino group.

15, The propylene copolymer according to claim 1, wherein
said compound (B) is triethylaluminum, triisobutylaluminum or
methylaluminoxane.

16. The propylene copolymer according to claim 1, wherein
said compound (C) is dimethylanilinium
tetrakis (pentafluorophenyl)borate or triphenylmethyl

tetrakis(pentafluorophenyl)borate.
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17.An additive for a thermoplastic resin composition
comprising a propylene copolymer as claimed in claim 1.

18. A thermoplastic resin composition comprising a
thermoplastic resin and a propylene copolymer as cléimed in claim
1.

19. The thermoplastic resin composition according to claim
18, wherein a change of a gloss value on a surface of a molded
sheet of said resin composition before and after a heat test at
110°C for 100 hours is 1 or less.

20. The thermoplastic resin composition according to claim
18, wherein said thermoplastic resin is a polyolefin resin.

21. The thermoplastic resin composition according to claim
20, wherein said thermoplastic resin is crystalline polyolefin
comprising an olefin having at least 3 carbon atoms.

22. The thermoplastic resin composition according to claim
21, wherein said thermoplastic resin is a crystalline polyolefin

resin.
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ABSTRACT

A propylene copolymer comprising propylene, at least one
olefin selected from the group consisting of olefins having 2 fo
20 carbon atoms except propylene, and a cyclic olefin, wherein
the total number of carbon atoms of the monomers except the cyclic
olefin is at least 7. This copolymer ismixed with a thermoplastic
resin such as polypropylene to provide a thermoplastic resin
composition having excellent flexibility, transparency,
resistance to whitening on bending, scratch resistance and heat

resistance.



