11111111111111111111111111111111111 *159159* POLYMER FI LMB The .
present; invention relates to polyner filnms and to polyethylene-fitas—havi ng
sreduced. gel s therein. The filns are produced from pol ymers preﬁar ed by the

pol ymeri zation of olefins in particular in the presence nm”uﬁmw WWH singl e
.Site 5 polynersation catalysts especi dlily supported et al I yst s

‘whi ch can provide advantages for operation in gas phase processes.
recent years there have been many advances in the production of ponoIefln
honopol yners and copol yners due twuon of netall ocene

talysts. Metall of f t f hi gh
et ity than tr alRIEE g GAahayRer Coabary Ses ME R ndRAF i badid L 00 s

. catal ysts weiwded péletieteig| Ehesfilo® drét z’ﬁdﬁd&dﬁom'lﬂiﬂyxﬂerhptepalbéeﬁlﬂthevel oped
several different fam|lies -of netall ocene corrpl exes. | n ear|ier years

catal ysts Rebaperization of qlefins i paticwer 8 M pressptet SPRWHF@)?’@% Sffe devel oped,
exanpl es; of o%&&h@ﬁlﬁatlﬁ@sé%ﬂwlaﬂ s@%o&%ﬁ%ll@en@atﬁ?ﬁg Richlveh grovReent |y

conpl exes aV|ng a singl’e or mono cycl opentadi enyl 7ing have been
devel oped. a@uetﬁagpeﬁqxlme@omm/@sbb@qpmesses erred to as 'constrained

geonetry' conpl . he o in EP
216815 or EP 4200580 et 11?"Qetb(r%ese rg,eggxgegs tﬁgr@%{té‘fﬁ %Pg*m"%f%.

'zi rconi um ilmmupotymersf'angbepd)lymnsme taothe stba)ﬂmuon of meﬁilbeeneccataiystsx es however
have been 0 he, net al atom a. reduce OXI datlon
Crate. . e anPESHRE gttt i hd SR o e lTE N i b i i B0

(cycl OpHnt aﬂbgelyda)alﬁwﬁﬂdawﬁsubwaesbﬂﬁd adlesal Frt.tb@&dh&ré@n@%ﬁe‘lﬁ%uﬂﬂd WO
95/ 00526 respectiv The above ocene conpl exes, are _uti|l.i sed

for pol ymer ThSEg lilaaﬁ%ﬁ%l Mslog?de%?re%dlgﬁreat I&‘P‘Sf ppetall B‘FCHSE?W‘&%‘%% Wfcal |y

activators Raf cdlaidlsHasARDis (c?clﬁﬁénﬁddféﬂbﬁhe@bbﬁibleﬁés%rgGé@[@e@rexam les
alternatively may "‘be conpounds” based on boron conpounds. Exanples of 25 the

| atter are Yoriehayagbrfound in kP é?WBDSEBgﬂﬂ%t é@prammmﬂmﬂméweabh‘énm- or
tetraf'uoros%f@éwmmr fo?»cl?tﬁdlte goora g @Eﬁev%lb%@da&cthrc'oﬁ‘fpﬁ)&@é ebbgé phenyl)

bor ane. st syst i ncor orate ctivators are descri ed in
EP 56141/, @mamcmaﬁéﬂsm céﬁh;de&ban@emﬂﬂéslafdmecmap&pmsmhmy be

used for th lefi 30 solutio or gas phase.
Wien used Iﬁnﬁ%@%ﬂ%&?ﬁ 89&6 O%Igai[égcfs[hg tft}ﬁeaclofj}ggeé(ﬁs &188?%#5 fi@7 or the
activat or agireosiumtiabl meMgha@rokﬁdnonTgmecal supports include inorganic oxi des
e.g. silica or orts may alternat veI
1111111111111111@%1“? el‘fiﬁ‘g"ﬁ’f’i&aff&@fifd Pe‘i ip Witich Pt el atom may be in

areduced oxidation state. Examples of both the bis (cyclopentadienyl) and mono
20  (cyclopentadienyl) complexes have been described in WO 96/04290 and WO 95/00526

respectively.

The above metallocene complexes are utilised for polymerisation in the presence of
a cocatalyst or activator. Typically activators are aluminoxanes, in particular methyl
aluminoxane or alternatively may be compounds based on boron compounds. Examples of
25 the latter are borates such as trialkyl-substituted ammonium tetraphenyl- or
tetraﬂuorophenyl-borates or triarylboranes such as tris(pentaﬂuorophenyl) borane.
Catalyst systems incorporating borate activators are described in EP 561479, EP 418044
and EP 551277. |
| The above metallocene complexes may be used for the polymerisation of olefins in
30 solutmn shurry or gas phase. When used in the slurry or gas phase the metallocene
o complex and/or the activator are suitably supported. Typical supports include inorganic

oxides e.g. silica or polymeric supports may alternatively be used.
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Exanpl es of the preparation of supported netall ocene catalysts for the

pol yner,i sati on of olefins may be found in WO 94/ 26793, WO 95/07939, WO
:96/ 00245, WD 96/ 04318, WD 97/02297 and EP 642536. Supported netal |l ocene
catal yst systens are particularly suitable for use in processes for the
copol yneri sation of ethylene with oneor nore other al pha-olefins.
‘Typically the resultant copol yners nmay have densities in the range 0.900 -

0.940 and may be referred to as linear |ow density pal yethyl ene (LLDPE).
Typi cal | y such Rxspwilspatthe nregarasion of puppprted metallogepeicgtalysthiordheur ry or gas
phase and i r .l (N r bl own
FiTme. TonE R e O O O Ol o T S e

typi cal | y Wav26/04318cW Q@ DAHD2297 aad EP®HAR5360r € | npact resi stant then those made
fromconventional |ingar, ]ow densit ol yet hyl.ene. L vel s.of | ong chain
branchi ng in r‘rﬁ“&’?%“é@ﬁ wié%f?@%lc"’ftaﬁséé‘&‘?%%@‘ﬁg%@f"g?ﬂ%ﬂ?%#ﬁw BH& filns al so

I pr oves t hgloteskdbr the eGlyierishtich Sfathyiit ag@ one\veurte éthatalpmplemsur in such
films is the presence of gels which 15may lead to inperfections in clarity.
This is pafYRicalyahq srsyliaptsppatynenymey hayg dersifies i iherangg Q0P Hirnd iy as

bread bagspeyebricl &S5 At L1eARE ARy Rne (0L DREFhandi si ng appl i cati ons
where clarity is obviously inportant. "Cels are Tlaws in polyethylene filns

consi si ting f orTypicelyisechgiopolymess marberfviablypiepated inthe shistyar igas phasrianday i n
linear |o e | . ' Gpposed of high
density pg@gﬁgﬁ‘%@ﬁ@%g&é@%@%ﬁﬁ%ﬁs t%}eé}%?l 262?11?‘935 aresult of either
.catal yl@ or prddesHoqghexaniyssilinear lbwtdensity polyethdyldna\fitms Gyically pavedietigl y f ound

that the anppunt of gels.present i olymer filns ma e duced erein the
copol yner s‘rﬁgl?lg "15&8153’{1%8 "ﬁﬁacireﬁ’ﬁppp@g%@%erlﬁ?‘{?gé%FW%ﬁ%@ F‘% f&%@%é‘éyi n the
gas phase pdlydtider E28NeeelObf 1684 Eldibrahdhédetin Sidiflloeeietayed liredSlo@ tensid Thus

accordi ng tci ttﬂ r segﬁ)s i.nvention there is provided a nethod for the _
pr epar at i of°¥T )ger%iﬁﬁs REUZPIOVR freacest srefigh gel s/ 2 of size in the range 100

- 2000 pm as MeAgiss&nkige AGwARE tHafhnaf G B susly Bkt (I RbseRSe SFeRivhich
described, said filmbeing derived froman ethyl ene -a-olefin copolyner

characteri zey leadh to imperfeetions sopeity ndhis isspaticutalyagleyant orfmsiugsdefor Bofi ng
pol ymeri's dcg%gn% Sfekas Ffegd B{}g,g 5‘?& ﬁ%&gﬁi@a&% gé‘cﬁg&%ﬁ?ﬁgé&aﬁcﬂgﬁg Qé%ﬁ&tio% stem

By parti cl ng polyner I on ocess | s~ nmean proces erern
pol ynmer pawhére clasityais eb¥ionglptngaptantexanpl e a gas phase or slurry phase

P oo (P PR S Slbt R SRR REUERRET gL
opti cal cohimedensydbineteriaiGnd)mayh thewr toeddénsitypolgetbglenld (I DRE)tfies pe esent

007 SR A vty BEGETE B PSSR Sl

- catalyst or process phenomenon or both.

We have now surprisingly found that the amount of gels préseni in polymer films
may be reduced wherein the copolymers are prepared in a particle fdrmin‘g polymerisation
procéss in the gas phase in the presence of certain single site catalyst systems. '

25 Thus according to the present invention there is provided a method for the
preparation of a film containing 300 - 600 gels/m? of size in the range 100 - 2000 pum as
measured by an optical control system (OCS) as herein described, said. film being
derived from an ethylene -ci-olefin copolymer characterised in that said copolymer is
prepared in a particle forming polymerisation process in the presence of a single site

30  catalyst system. ' _ |

' _By particle forming polymerisation process is meant a process wherein polymer

particles are formed for example a gas phase or slurry phase process.



S5suitably prepared by use of a supported single site catal yst system
Sui t abl,e supported single site catalyst systens conprise (a) a single site
scatal yst, (b) a cocatalyst, and (c) a support material. 10Preferred single
site catal ysts conprise netall ocene conpl exes based on Group | VA netals for
exanpl e titanium zirconiumand hafni#&m Suitable netallocene conpl exes nmay
"be represented by the general fornula: LxMn where L is a

cycl opent adi enyl ‘ligand, Mis a Goup |IVA netal, % is a l eavzi ng group and X
15 and n are ddjefserdbhtthe fims offfbe presabinventionicauteino00-HO0 gelsam”. of size in the

Typically th (o] metal s . titani um. zirconj Jafnium x is ei t her
1 or 2 and‘I ?gep@ariqoyg% ﬁsgma?sgﬁgtgyittﬁec?p@gg _Cﬁgﬁf‘gggﬁg@r@#&& ocar byl . The

cycl opent adi enyPrefetrgd filiss a8yrdie t6 thesgrésenttifvbntion a>taowmd fildyy al kyl or al kenyl
- groups or may conprise a fused ring systemsuch as indenyl or fluorenyl.

20Exanpl es of sthetcBel¥msisused WPEFRaT SR Pe ek Blnspitheipresang uivgntion arpmesto368 and
EP 206794, 5,561l pryaiek Y %Se BB supBortdii Srast Yseheycl opent adi enyl )

zi rconi umsai cthﬁi’de, %gi se(= pe_n%l}gﬁ%t hyl )cyc gpent a jsenyl “dichloride, or may
be bridged e. g.Susteblgsepnorisd singlesdegdtylystisysems eomptisehl ori de or

di met hyl si | yKki ] ' Lum dichloride. Qther suitable

bi s(cycl opent a&gg%‘llu%le%%g%@g%éne conpl exes are those 25 _

bi s(cycl opent adbkaygbddataliyseraad conpl exes descri bed in WD 96/ 04290. Exanpl es of
such conpl exes are bhis %g%l oaﬁ)ent adi enyl) zirconium -

(2. 3-di net hy1- 1°32 BHRPRHI™HE} and et hyl ene bi's(i ndenyl) zirconium

1]; 4- ﬂi phenyl bukre@iredeingle site cd?ﬂ?it@édr?ﬁﬁs@ﬁie&délb@&ﬁlfwﬁlpfeﬂlés bised brGEdUP rrFt hodf
of the pregept invention are nonocyclopentadienyl conpl exes. 30Exanples o
nonocycl pp@f&%ﬁ&@?e’ﬁﬁﬁﬁb@ﬁ%mnﬂﬁhmwm adi enyl conpl exes suitable
for use in the QIEEIEMetdIBEERIdRPIRESMEIFEErchREStdd by HRe BB A Fornbita: 418044, EP.
420436 and EP 551277. Suitable Conpl exes nay be repreSsented by the 4
general formula: - CpMX , LxMQn

where L is a cyclopentadienyl ligand, M is a Group IVA metal, Q is a leaving group and x

15 and n are dependent upon the oxidation state of the metal.

Typically the Group IVA metal is tifanium, zirconium of hafnium, x is either 1 or 2
and typicél leaving groups include halogen or hydrocarbyl. The cyclopentadienyl ligands
may be substituted for example by alkyl or alkenyl groups or may comprise a fused ring

* system such as indenyl or fluorenyl. . - |
20 Examples of suitable metallocene complexes are disclosed in EP 129368
and EP 206794. Such complexes may be unbridged e.g. bis(cyclopentadienyl) zirconium
dichloride, bis(pentamethyl)cyclopentadienyl dichloride, or may be bridged e.g. ethylene
bis(indenyl) zirconium dichloride or dimethylsilyl(indenyl) zirconium dichloride.
~ Other suitable bis(cyclopentadienyl) metallocene complexes are those
25  bis(cyclopentadienyl) diene complexes described in WO 96/04290. Examples of such
- complexes are bis(cyclopentadienyl) zirconium (2.3-dimethyl-1,3-butadiene) and ethylene
bis(indenyl) zirconium 1,4-diphenyl butadiene.

Preferred metallocenes for use in the method of the present invention -a:re
moﬁocyclopentadienyl complexes.

30 Examples of monocyclopentadienyl or substituted monocyclopentadienyl |
complexes suitable for use in the present invention are described in EP 416815,

EP 418044, EP 420436 and EP 551277. Suitable complexes may be represented by the



wherein Cp is a single cyclopentadi enyl or substituted cycl opentadi enyl
group gptionally covalently bonded to Mthrough a substituent, Mis a Goup
.VIA netal bound in 5 a if bonding. node to the cycl opentadi enyl or
'substituted cycl opentadi enyl group, X each occurrence is hydride or a

noi ety selected fromthe group consisting of halo, alkyl, aryl, aryl oxy,

“al koxy, al koxyal kyl, ami doal kyl, siloxyal kyl etc. having up to 20

non- hydrogen atons and neutral Lew s base |igands having up to 20

" non- hydr ogeenerat forrsuler optionally one X together with Cp forns a
metallocycle with Mand n is dependeq%#g%on the val ency 10 of the netal.
Particularly preferred nonocycl openta ¥l conpl exes have the formula: 15
wher ei n: - Rwiregh Cp drd $ingls ¢ felorentatiigyen detstitufeds@ic R brastiéyd g&dﬂ?dr ogen,
hydr ocar byl ,, si ]yl l.g,. cyano, _and cqombhi nations thereof, said R

, .gernyl, ha [
havi ng up qp&O@%lmaﬁﬂ%W&@@ﬁeJ;&oMbmw Bietituenk Mys 2 Grprry IAymgighoupdier e R
i s not shy AR fRasig" ' : i e s
t her eof5 cg{mect g]gg?%)&gg‘i%l%)eé%? e(l)lgl ti E@Sg%%%ﬁéeﬂc{%%%%%%iggﬁylxgﬁ% to
form a f uswsdurdnngissiyrdude eraemoiety selepteil srohyttie gudap oonsistingioEhalo,sdiydcrdd f r om

the group nsi Sl 0 f.h ,alk ar yl ryl oxy. al ko | koxyal kyl ,
ani doal kylé?rﬁgljf’%x e ’l?)i}fox %‘kﬁ’ W&W%%%BW‘X“E@ e}:coﬁ‘El Cles) eﬁ%@?@m ¥ neutral
Lew s baseatdrhgaiddeutta\Liends bige ligand® having iy ©r3000A-h3dfupen atoms ¥r bftioldlly -S-, M
is hafnium tjtanjumor _zirconium_Z* is .SiR*2, CR*2, Si R*2SIR2

CR* 2CRr 2, (8 FSpgsther &@f@@sa\mré%l&cmleyﬁh%a@ww&a?@sﬂd@w@qm@éndem|y
"hydr og@n, drthemémnber sel ected from hydrocarbyl, silyl, hal ogenated al kyl,
hal ogenat ed aryi)l , . and conbi nations thereof, said R* having up to 10
non- hydr ogen atf@fisulaghy greferredonendcyclopsptrdiRnylgomplexes hayeities formplen R* i s not
hydrogen), or an R* group fromZ* and an R* group fromY forma ring
system 10 and nis 1 or 2 depending on the valence of M Exanpl es of
sui t abl e nmonocycl opent adi en. y1l conpl exes are (tert-butyl am do) dinethyl
(tetramethyl-i5- cyclopentadienyl) silanetitaniumdichloride and (2-
- R

P

\\

\/

15 -
wherein:-

R’ each occurrence is independently selected from hydrogen, hydrocarbyl, silyl,
germyl, halo, cyano, and combinations thereof, said R' having uﬁ to 20 nonhydrogen
atoms, and optionally, two R' groups (where R' is not hydrogen, halo or cyano) together

20 form a divalent derivative thereof connected to adjacent positions of the

cyclopentadienyl ring to form a fused ring structure; ,
X is hydride or a moiety selected from the group consisting of halo, alkyl, aryl,
aryloxy, alkoxy, alkoxyalkyl, amidoalkyl, siloxyalkyl etc. having up to 20 non-hydrogen

atoms and neutral Lewis base ligands having up to 20 non-hydrogen atoms,



met hoxyphenyl am do) di net hyl (tetranethyl--15- cycl opent adi enyl)

si;l anetitani um di chl ori de. 15C her suitabl e nonocyclopent adi enyl

.net al | ocene conpl exes are those conprising phosphini mne |igands described
in WD 99/40125, WD 00/05237, WO 00/ 05238 and W00132653. A typical exanples
of such a conplex is cyclopentadienylStitanium [tri (tertiary butyl)

" phosphi ni m ne] dichl oride. Particularly preferred netall ocene
conpl exes for use in the preparation of the 20 supported catal ysts of the
present inventivhs y-PeNrep-erenNted by the general fornula: wherein:-

R each occurrence is independently selected from hydrogen, hydrocarbyl,
silyl, gernyl, MdpBafniymAitaniyp qr #E9BIUERL i ons thereof, said R having up to
20 nonhydr ogen @tg@R*a@ﬁt*Qm Rk, YCRY PR AR CIOF-Q408 Cpderi@, Ry 15 not

hydr ogen, hal o or cyand) tdget Her forma divalent derivative thereof
connected to adPeREnwheresiti ons of the 5cycl opentadienyl ring to forma
fused ring strugt ri4 bo i r up haV|ng up
to 30 n% n- hydr glgegﬁcgtogﬁlgren%é %éepgndegﬁ%ﬁﬁro n oxb a ﬂgrggef'r% %{&%{%@ L

- NR*-, M i Bydrodaghyil,usitylo haloperatedialkyl, |halotgé1mte82hrﬂpmmdonﬁmaﬁahs theresf, amé 1OZ* is
S|R*2 CR 2, S SIR* erein:

2S
R* each occur r ‘f”ég ??1@5@9?%51‘%@% %9?‘8'9"’@9 opgpnail g@@?%%?‘@%lf rom
‘hydrocar bytwheﬁlﬂ*mls not3ldespeAR besh R¥ gwug fiaa DosiiodreRk oMp froa Y fealPiAAt | ons

t hereof, said R* having up fo 10 non- ydrogen atons, and optionally, tw R*
gr oups fro?ﬁSE’*EIS (when R* is not hydrogen), or an R* group from Z* and an
R groyp from Yaﬂcchlgll%rrZAﬁ ol ¢ valence Fmarrpl es of suitable X groups

i nclude s-trans-r14-1,4 g%enll utalene

‘strans-t 14- 3- neExapiples, Q'Sp@rbﬂeampmtefdosemtadmmsl Wlnt}l@se&atee(mebteyﬂemldO)

t 14, t 1 [
S-trans. 1Meﬁn%ﬁr%fﬂqétﬁ%lfﬁy?%cﬁ%%ﬁsaﬁlfn@‘%ﬁp%m%ﬁé digngmgg oe
14- 3- met hy nethoRyphenyladideN Bimedhyl (t%uam&hﬂ,- 5.y BI8 penitadichy DSt AR
s-cis-14-1, 3- penta I ene; s-cis-rl4-1,4-bis( rlnethyIS|Iy1) 1, 3- but adi ene,

sai d s-cisdighleriée.gr oup forming a 7r- corrpl ex as defi ned here| n wth the
net al . pPLebsic JF)H r utyl,
pentyl hexy I\/D%ﬁehrelziﬁ?t ﬁo?m € I?ﬂeﬁta g;irh(g’l(jépﬁsaet >P1 y rsgg(;;enggwielur1 :
| i nked t ogplidsphipintiheligamids d@cﬁ&cﬁﬁwmwgﬂmﬁo W@@ﬂélS%‘bé)VﬁgWGS@BS aadanpl e, an

i nd I : dr of | . .
oY of SRS, RIS SR S ENEE SR sl
phosphorus(taﬁaﬁyadumlh@ogplﬁmmﬁnqmmﬁeng a group corresponding to the

Sformila -N(R )Part1cu1arl:)>/(pre}'e}red me?arllocene B'omplgxecs: orll(i)sre ngi {h%%%pg}{atlon of the

20  supported catalysts of the present invention may be represented by the general formula.

*

SN

wherein:-



Most preferred conpl exes are am dosilane - or am doal i canediyl conpl exes.
30Most preferred conpl exes are those wherein Mis titanium Specific .
conpl exes suitable for use in the preparation of the supported catalysts 7
of the present invention are those disclosed in WD 95/00526 and are _ -
i ncorporated herein by reference. 6 A.particularly preferred conplex for
‘use in the preparation of the supported catalysts of the present invention
is (t-butylam do) (tetramethyl-re- 5 cycl opentadi enyl) dinethyl _

si |l aneti tani um ge L&RSnce is i ' - d}‘fc% e

cat al yst systemRo tﬁ%!é pr e(éeelrsltln %eﬁ%/ﬂg%%BJoﬁleg%g%toﬁps@eﬁ?%%?ﬁcya y HL}’g’esoipl\’/vith t he -
af or ement i ongemyil,ihglos cyanp candadoadbyrations thereof, FdidBEhaving upde 2D opaip@sogeuch as

tris(pentafl yorophen ﬁlﬁg rane,and _bor at es,,. Suj | e or ganobor C ounds
i ncl ude triafy qo?ngln&f)k% @Uﬁ‘ff’g{ gl?‘t?&?‘{"ﬁ%’ﬁ?},ﬁsﬂ?{ 5@%&'&’&0@% 8%”@&3?%%5 ron
conmpound i s tforisd diedlemidet eative ieRe0! Lonreeied RLadjacent poshtidas otgrpounds sui t abl e
as coca%al ysts are ]%Ir{%(r)unds whi ch conprise a cation and an anion. The

cation Ps ty[ydepen Hede formsg fuged iRevstues: donating a proton and the
ani on i's typicailiy a dc@PTRbbieE A AN RELD RO Py dRRf bfRnsCRRRA! © Of
stabilizing the cla?i gn. 15Sucr? co_caggl gsts %a%,/ be rélg%es%%%g SS/ ?ﬁg

formul a: ( fomisk)mcbniplex WithdMgrein L* is a neutral Lewis base (1-*-Hd is a
Bronsted acid 2QAd- .i s, a n- rdi nati ng conpati bl e ani on having a charge
of d-, and d is dﬁ'?'nf%gﬁ?‘r%%q‘l’ to 3. The cation of the ionic conpound

may be sel ect edM isanadile of fiedbRivEPMIhS + R TemH oRidbildCstf@t | ons, carboni um
cations, silyliumcatio oxoni um cati ons arg%gnomet allic cations and
F

ns :
cationil® oxi di zZh# HBent R 20%RHSIR Y (RER R, GReSTRiel arde
trihydrocarbyl suRs} isihdtegfl ammoni um cations eg. triethyl amoni um
tripropyl amonium tri(n-butyl)amoniumand simlar. A so suitable are
N. N-di al kyl ani | Riicagh esquirenes issindépendently hydtogen, hy4 sweiberseleated ditomons .

The prefer L.O0IC.: : al ysts _are those wherei.n the
cati on of | ERebSNCs GE TR e Ao RRRL A 3 o TSt PRl e mon: um
salt and the anR&haGguphp!Q seshinogan wlonsufrk dptiohaty, by RE groups from Z* '

15 (when R* is not hydrogen), or an R* group from Z* and an R* group from Y form a ring

system. . .

Examples of suitable X groups include s-trans-n*-1,4-diphenyl-1,3-butadiene, s-
trans-n*-3-methyl-1,3-pentadiene; s-trans-n*-2,4-hexadiene; s-trans-n4-1,3-péntadiene; 8-
trans-‘n4-1,4-ditolyl-1,3-butadiene; s-trans-'r]4-1,4—bis(11‘imethylsily1)-1’,3-butadiene; s-cis-

20 'r|4-3-methy1-1,3-pentadiene; s-cis-n*-1,4-dibenzyl-1,3-butadiene; s—cis-'r|471 ,3-péntadi'ene;
s-cis-n*-1,4-bis(trimethylsilyl)-1,3-butadiene, said s-cis diene group forming a n-complex
as defined herein with the metal. | '

Most Ipreferably R'is hydrogen,.methyl, ethyl, propyl, butyl, pentyl, hexyl, benzyl,
or phenyl or 2 R' groups (except hydrogen) are linked together, the entire

25  CsR'4 group thereby being, for example, an indenyl, tetrahydroindenyl, fluorenyl,
| terahydrofluorenyl, or octahydroﬂuorenyl group. |

Highly preferred Y groups are nitrogen or phosphoifus containing groups containing
a group corresponding to the formula -N(R")- or -P(R™- wherein R” is Cy.10 hydrocarbyl.

Most preferred complexes are amidosilane - or amidoalkanediyl complexes.

30 Most prefeﬁed comple_xes are those wherein M is.titanium.

Specific complexes suitable for use in the preparation of the supported catalysts |



Typi cal borates suitable as ionic conpounds include: triethylamoni um
tetraphenyl borate 8 triethyl anmoniumtetraphenyl borate, tripropyl ammoni um
.tetraphenyl borate, tri(n-butyl)anmoniurn tetraphenyl borat e,
tri(t-butyl)ammoni umtetraphenyl borate, 5N, N-di nmethyl anilinium

t etraphenyl borate, N, N-di et hyl anilini@mtetraphenyl borate,
“trinmethylammoni um tetral ci s(pentafl uorophenyl) borate, triethyl anmoni um
tetral ci s(pent afl uorophenyl) borate, tripropyl ammoni um '

tetraki s( pethatrestat BREGMA ate MBEALiSOI0sb i WUk )aAd BR ThébMorated

tetral ci s(pentafl uorophenyl) borate, N, N-dinethylanilinium
t et r aki s( pegieiapy gefespttenyl ) borate, N, N-di et hyl anilini um

tetral ci s(penta r ' st
sui t abl e ggr u§§bmncﬁﬂﬁﬁg%ﬁ%ﬁgﬁéé%ﬁ?géegggi@%Eﬁ%agﬁafﬂﬁ&%r eﬁ?dynvention
conpri se i cimilgstcafthepresknt myegtionss (tdusylamidbpitetanttigindni on wherein the 15

ani on has at | east, one_ substi.tuent conpgising a.noiety having an active
hydr ogeh. @Gi%ﬁﬁﬁ‘_é‘%@c%ﬁ?’_&?iﬁﬂsﬂt@m Hype? Wigescribed in WO 98/27119
the rel evant poglilaBiR%odtaidid fRusd 8 tﬁé’&a@aﬂﬁ%ﬁeﬁ%ﬂ‘ﬁé BleSer YnveRAGH £ 8RR se

Exanpl es of .this type of anion i1 nclude: triphenyl (hydroxyphenyl) borate

20tri (p-t opically weed mothythé aforemenponegdtsingle site catalysts.
These incl_ude boranes such as tris(pentafluorophenyl) borane and borates.
Suitable organoboron compounds include triarylboron compounds. A particularly
10 -preferred triarylboron compound is tris(pentafluorophenyl) borane. '
| Other compounds suitable as cocatalysts are compounds which comprise a cation
 and an anion. The cation is typically a Bronsted acid cépable of donating a proton and the
anion is typically a compatible non-coordinating bulky species capable of stabilizing the
~ cation. |
15 Such cocatalysts may be represented by the formula:
| (L) (A%
wherein '
L*isa neutrél Lewis base
(L*-H)"4 is a Bronsted acid
20 A% is a non-coordinating compatible anion having a charge of d”, and
' . d is an integer from 1 to 3. -

The cation of the ionic compound may be selected from the group consistihg of
acidic cations, carbonium cations, silylium cations, oxonium cations, organometallic
cations and cationic oxidizing agents.

25 Suitably preferred cations include trihydrocarbyl substituted ammonium cations
. eg. triethylammonium, tripropylammoﬁium, tri(n-butyl)ammonimn and similar. Also
suitable are N.N-dialkylanilinium cations such as N,N-dimethylanilinium cations.
~ The preferred ionic compounds used as cocatalysts are those wherein the cation of
- the ionic compound comprises a hydrocarbyl substituted ammonium salt and the anion
30 cémprises an aryl substituted borate. -
Typical borates suitable as ionic compounds include:

triethylammonium tetraphenylborate



tris (pentafluorophenyl) (hydroxyphenyl) borate tris

(pent af | uor ophenyl ) (4- hydroxyphenyl) borate Exanpl es of suitable cations
for this type of cocatal yst include triethylamoni um

triisopropyl anunoni um di et hyl net hyl ammoni um 25di but yl et hyl anmoni um and
simlar. Particularly suitable aBe those cations having | onger alkyl
‘chai ns such as di hexyl decyl net hyl amoni um di oct adecyl net hyl amoni um

di t et radecyl net hyl ammoni um bi s(hydrogentated tall ow al kyl) nethyl ammoni um

and simlar. 30Parti er sts of this type are

al kyl ammoni um tri s( pﬁkﬁﬁ%pggﬁ%ﬁ&g@%ﬁ%r oxyphenyl) borates. A

particul arly pref err&eigpropybaradnigh tétmphenylboyate, ogenat ed tal | ow al kyl ) met hyl
amoniumtris (pent rophenyl) 9 - hydr oxyphenyl ) borat e. : Wth
respect to this typgﬁicg#l'%‘é%@dt“cﬁ”i})%’f“t,etré{’%ﬁ?ée‘g?ﬁéed conpound is the reaction
product of an al kyl atrithbutyDammhonisthperdphédylbopqgeny 1) - 4- (hydr oxyphenyl )

borat e ?nd an organo %I | ic cqonmpound, for exanple triethylal um nium

5Sui t abPe support ma mpethylapihnipm Shapheyihosai®et al  oxi des or al ternatively

pol ymeric supports nmRyN-QRtSRelideh téapidlBoR@d yet hyl ene, pol ypropyl ene,
clays, zeolites, etc. Suitable i nor'gani c netal oxides are Si02, Al 203,

MyO, Zr02, Ti02, BoBimethytpmmausietrakdsmeniadigoropberybrboradgThe nost preferred
support materi al fortriéﬁﬁ/la}ﬁﬂﬂﬁ&iﬁzﬂ?eu%ﬂﬂf})g faﬁg g@:&g?j%gﬁlfccordi ng to the
I nvent Ca T ARY e ST

met hod of the present ron is sitl i cas include Ineos
ES70 and G ace Davi swiprapyBugndriga setrafis@estafipaophengt) boiagd, nmay be subj ect ed

to a heat treatnent dior .chem cal . tr.eat to,.reduce the water content
or theqﬁydroxyl cont%lﬂlil'lt-’gtfyl)f1 h :-O%Bbtgér@ﬁ%%@fugfqphi@m?t&al |y cheni cal
dehydration agents aN@N-fiathylasgliniehadtrakis(enfi@sorophenyi)botte,al kyl s and
“halides. Prior to it e the. support nmpterjal may subj ected to
treatment at 100C toﬁfg ff@y?f‘ﬁ'ﬂ"‘b Fﬂ%ﬂ%ﬂ%@@%ﬁgw@i n an inert

at nospher e undep prefRgeEHpdbESRERRst shilfbld R ASwith BRIt Se@aRIsGHEPAREY
pretreated with_an organonetal |i ¢ conpound preferably an organoal um ni um

conpound aREFSeRb FveRliF onymisg iofia qompoRyds pmpTising Arairncodso anigniwhereiniihe Ut e

sol vent g ion FisSh flakEflelslib ' M)ﬁ;@s [ &?ﬁ! ' | al um ni um
or trii sobwgrllafﬁ%ﬁ r?i ume H%&L% up%gglﬁlﬁa e?ﬁgg%g&%;%&p@%ﬁ’éd with the
organonet al | i c Sutsblrnedatalysta of tiinippadradescobed i (W0198/273 00 hendlepmef er abl y at
20C to 1oogortions of which are incorporated herein by reference. :

Examples of this type of anion include:

triphenyl(hydroxyphenyl) borate

20 ' tri (p-tolyl)(hydroxyphenyl) borate
tris (pentafluorophenyl)(hydroxyphenyl) borate
tris (pentafluorophenyl)(4-hydroxyphenyl) borate

Examples of suitable cations for this type of cocatalyst include

triethylammonium, triisopropylammonium, diethylmethylammonium,
25 .. dibutylethylammonium and similar,

Particularly suitable are those cations having longer alkyl chains such as
dihexyldecylmethylammonium, dioctadecylmethylammonium,
ditetradecylmethylammonium, bis(hydrogentated tallow alkyl) methylammonium
and similar. |

30 Particular preferred cocatalysts of this type are élkylammoﬂum '
tris(pentafluorophenyl) 4-(hydroxyphenyl) borates. A particu_larly preferred cocatalyst is
bis(hydrogenated tallow alkyl) methyl ammonium tris (pentafluorophenyl)



25Q her suitable supports may be those described in our application GB
03/ 05207. The supported single-site catal ysts of the present invention
.may be prepared by a nethod conprising (i) contacting together in a
suitable solvent (a)a single site catalyst, 30(b)a non-al um noxane

cocatal yst, and (c)a support material 9(ii) renoval of the solvent. 10

", Suitable solvents for use in the preparation of the supported catal ysts
of the present ‘invention are aliphatic or aanatic hyd%ﬁcarbons f?r exapple
ent ane, isohex uene or simlar. e preparation o

Ehe supported cg?g?$§$gh§?ﬁ?ﬂgg%?esent i nvention is preferably'perforned I n
a singl e react orWitlTrespest testbisttypernf entatadyst | s prefarted cotnpound is thistredetion f or. use

with netall rm!@ i ch_ha been t ed with | yneri sable
NDNONET S. ﬁ?ﬁggor@er a%%ﬁf’}gg?l%ﬁge%@uﬁﬁﬁﬁﬂag%%‘ﬁﬁxm&@@/%% 'Hescri be
supported Gngabmmmuﬁumn¢®m%%gn&mahpFQﬁ?madﬁ@?ﬁmﬁyhsaplelnngﬁggrcgfarigs I n
the catal yst preparation. articularly preferred single si .
systens%fgr use%ﬁﬁaﬁqﬁ@p@g{tWr@is mﬂ%degfl%rg@ﬁmewgﬁﬂpw a&ﬁ@aﬂng &\é\fhesg g:o gct
the cocat alpsBimeris sBpptAE nRYHRIRAKRN Bxample polyifieRC & cB t

of the present ineg%tion there is pﬁ?ﬁﬂ%ﬁgﬂgyﬁ%thgd&?gpﬁﬁﬁecp?épara%fon of
a supported®ol ynerisation catal yst system said net rd(;d conpri si ng 15%8
contacting toge | [ | e: ; a 0 ecnp , a -
non-alunihoxanegggggégP 3?#1%%?I§K%g%%§§b§3% 8?¥ﬂ¥%?Er? f,Lgﬁgb 3§%a

pol ymer i sa#n® andmoipbues th@ed) renoval of the sol vent. Pol ymeri sabl e

nononmer;g suitab L this_aspe of the.present invention j.nclude
ethyl e n 2, propy :Tger:l éj%gtlé{%%frgﬁ & PP T-% Héaieg’f?g%or T§eo\gljﬁé% sugpogigd 8%@1,y5t§ fSFPEHRE
but adi ene, to the method of the present invention is silica. Suitable silicas include Ineos ES70 and

Grace Davison 948 silicas.

Thé support material may be subjected to a heat treatment and/or chemical
treatment to reduce the water content or the hydroxyl content of the support material.

15 Typically chemical dehydration agents are reactive metal hydrides, aluminium alkyls and
halides. Prior to its use the support material may be subjected to treatment at 100°C to
1000°C and preferably at 200 to 850°C in an inert atmosphere under reduced pressure.

The porous supports are preferably pretreated with an organometallic compound
preferably an organoaluminium compound and most preferably a trialkylaluminium

20  compound in 2 dilute solvent.

| Preferred trialkylaluminium compounds are tﬁethylaluminium or
triisobutylaluminium. _
The support material is pretreated with the organometallic compound at a
temperature of -20°C to 150°C and preferably at 20°C to 100°C.
25 Other suitable supports may be those described in our application GB 03/05207.
The supported single-site catalysts of the present invention may be prepared by a
method comprising -
| ® contacting together in a suitable solvent
@ a single site catalyst,
30 - (b) a non-aluminoxane cocatalyst, and
' (c) a support maférial

()  removal of the solvent.



and pol ar nmononers for exanple vinyl acetate, nmethyl methacrylate, etc.
Preferred nononmers are those having 2 to 10 carbon atons in particular

et hyl ene, propylene, 1- 25 butene or 1-hexene. Alternatively a
conmbi nati on of one or nore nononmers may be used for exanple
et hyl ene/ | - hexene. The preferred®pol yneri sabl e nononer for use in the

‘present invention is 1-hexene. The polynerisabl e nononer is suitably used
in liquid formor alternatively may be 30 used in a suitable solvent.

Sui t abl e sol vengsgitdbRedoteatsi oy use iR peepR@RbRBLhe SiHoREd YARYitsathe prratipMer
May be added to the cocatal yst before addition of the 1. 11 netallocene
conpl ex or zHepidenyae phikatic praromahgilkoqsebeny for grample pemteneyisphexans heptane,

pol ymer i sablig. ARG ar. The method according to the preferred aspect of
the present 1 nvention conprises the use of a single-site catal yst system
conpri si ng nonodheprepaatiahidhysuppetial datatystseof Thequrageheineentian ds prefesedblyt yst s
conprisikng_igni c.conpaunds conprising a cation and an ani on wherein the

ani on has & 7es l%%eméﬁﬁgatcﬁ%ent conprising a noiety having an active
hydr ogen. Iha’jjqesalgmvem'l fttcmds gﬁﬁgﬂal;lsélﬁtable &dralsy szﬁth]'cnﬁa‘tzlﬂlc#a@lqwoﬁmbs
invention may he supitable for the copaol ymerisatjion of ol efin mnaners

sel ect ed f&gﬂ‘ﬁh(q'ﬁ)’e geRfieatsd vath nobmesisahle mepemets « Guisagier applicatigns V. of ef ins.
The suppor ©am204878he W 08/0192 A d3érivsabsoiied ehaly S oRpBSAAs WHbYGRGI On are
nmost suitable for use in slurry or gas ‘phase processes. A slurry
process typrlyalerseblasmencameriinesed ithihe cafelystimsepagitionent and t enperatures from
_ about up to : ] I r r i t he

resul t?gg pol yng?lrt115 e o%qe%dgﬁ%getégﬁf%a Ftt}%%[ﬁggﬁé@%tﬁ%gﬁlhﬁ@ﬁ&e _
pol yner i satpiesent imghtion arStliosawherenhi theiewbtalystis hnde-aluniinexase.or al kanes such as

hexane, propanepr_isobutane. Prefer tenperat ures are.from apout 30C up
to about 200C bu usparce?rglflgﬁ? ?n?tg% r%?%%%ﬁﬂh%ﬂg’p?ﬁw%@ tﬁ%?)bg Hr%‘ﬁf’:%; s are

wi del y usedhethvdsbithe prepaatiorest ssappatedpobesssstion daalyspiigtem, pieerdsds for the
pol yrmeri sation.of olefins, especially for the 20 honopol ynerisati on and the
copol yneri SFPOH™ T et hyl ene and a-olefins for exanple 1- butene, 1-hexene,
4- met-hyk- | - pent enonta@inabgethdd P siifibleiBlvestt - ~Typi cal operating
conditions for the gas phase are.from 20C to 100C and nost preferably from
40C to 85C with presélpasctilloseresiopmierpspheric to 100 bar. Particularly
preferred gas phase SBSnifs erating in a fluidised bed. 25
Exanpl es of such pro@ggglgg are d}%g%?«?c%gagglﬂn EP 89691 and EP 699213 the

| atter being a parti@ue@otops puppogmagerighrandess for use with the supported
catal ysts of the pregent jnvention. The preferred a-olefins are 1-butene,
1- hexene, 4-nethyl 4@23%@ néa’%g%bé&f-ogo g

cténe. Most preferred a-olefinis
1- hexed®. 30The(Btrembwnhof the odbleéntn copol yners of the present invention
typi cally have [cnB and preferably in

-the range 0. 910? 913%‘%%%9‘5“%}?%?@%[‘;@8@2 S’%i‘gggl@isgﬁg%ﬁ@%ﬁ@ﬁ%@n%@ t he
present i nyeNide@thylenp)peaiylshePvetede, 1-hexene, 1-octene, 1-decene, styrene, butadiene,
and polar monomers for example vinyl acetate, methyl methacrylate, etc. Preferfed
monomers are those having 2 to 10 carbon atoms in particular ethylene, propylene, 1-
25  butene or 1-hexene. '
Alternatively a combination of one or more monomers may be used for example
ethylene/1-hexene.
The preferred polymerisable monomer for use in the present invention is 1-hexene.
The polymerisable monomer is suitably used in liquid form or alternatively may be

30 used in a suitable solvent. Suitable solvents include for example heptane.

The polymerisable monomer may be added to the cocatalyst before addition of the



12 nol ecul ar weight distribution in the range 3 - 5 and preferably in the
range 3.5 -4.5. By use of the single site catalysts of the present
.invention copolymer products may be obtained that are considerably |ower in
"gels. The low |l evel of gels produced with the catalyst of the invention is
particularly significant with respectlito the use of the polyners 5 in for
“exanpl e highly demandi ng bl own fil mapplications. The present
invention will now be illustrated with reference to the acconpanyi ng

exanpl es: mﬂ%\éé&tdoﬂgb&x o?'%ﬁérhht?&e‘l‘%/ﬂl@'c&ﬁ?l@k HiRy b8 phédRhied wemiind A [N(H) Me(C
| 8-22H37-45) 2} [ B(C6F5) 3( p- OHC6H4)] Conpl ex _
A( C5Me4Si MPRIYT qinonemer. 3- pent adi ene) Exanple 1 Preparation of catal yst

ol tone wer e addua il Sefindfie Pnggroltnclafiorbt Bl pfher B FiGTIRMEG | ' o,

TEA sol ut i die use of 8 singleasite catilyst systetnisomprisiag inonbddyeltopshtadieryd nietalloéénen nut es

to yield a sol tiondof ?altﬁl ;/st corgponent 1. Pregarat.i on agif a m xture of
net al | 0Cen& TBIFPFL3PIsRtFaY i SIng 10n1C cembqyggs SOmprisipg 3,cagiog Andyan apian,| it j on
of Conpl ex vhetdin thephdaGayeyleastotitafibsituddt kem@ising d1sRNchaval} ahlae@dgrent of
silica wth TEA Under continuous agitation, 1491 L of isohexane and 397 kg
of silica BY4®EEHvai | able from WR - Grace), were added to a reactor. (The
silica had beenTpg gyipeHad ¥ing13 5% Oedydnsiane &&&99@&&& h& A buftab1€ ¥ theOf
hydroxyl groups of 1.53 mol/g). 193 kg of an Octastat "2000 (avail able

f r om | nnos Fepolymerisatipwaf 9lafipmenemers gelected from £a)tetieyleng e (b)amepyldne with amext ur e
was st il'br gq)r;n%; &-%IJHnQUt es. 571 kg of a 12% triethylal um ni um ( TEA)

solution in |_so‘?‘|exane was then slowy added over 1 hour and the m xture was

stirred for 1 haue sippoitb®single siBOEatalyd Systdny dfitheWSsdnt invertRe adddodtRaitoughl y
washed with i sohexane before bei ng transferred to a dryer. 19 kg of an.
Octastat 2080°E 81 ETYAT 835 DHATFPIPRESERg/ 1) was added and the ni xture was

finally dried ats @6 pg&s w&u?rﬁges%a iﬁ&ﬁaﬁgoc@fboﬁidhlh%/aﬂmn%‘%fa&r&bﬁé}h ned.
The al um niumcgntent of the solid was found to be 1.3 mvl/g.
about 0~ C up to a temperature just below the temperature at which the resulting polymer

15  becomes substantially soluble in the inert polymerisation medium. Suitable diluents
include toluene or alkanes such as hexane, propane or isobutane. Preferred temperatures
are from about 30°C up to about 200°C but preferably ﬁdm about 60°C to 100°C. Loop
reactors are widely used in slurry polymerisation processes. -

Gas phase processes for the polymerisation of olefins, especially for the

20  homopolymerisation and the copolymerisation of ethylene and o-olefins for example 1-
butene, 1-hexene, 4-methyl-1-penfene are well known in the art.

Typical operating conditions for the gas phase are from 20°C to 100°C and most -
preferably from 40°C to 85°C with pressures from subatmospheric to 100 bar.
Particularly preferred gas phase processes are those operating in a fluidised bed.

25  Examples of such processes are described in EP 89691 and EP 699213 the latter being a

particularly preferred process for use with the supported catalysts of the present
invention. _
| The preferred o-olefins are 1-butene, 1-hexene, 4-methyl-1-pentene and 1-octene.

Most preferred a-olefin is 1-hexene.

30 The ethylene-a-olefin copolymers of the present invention typically have a density
in the range 0.900 - 0.930 g/cm’ and preferably in the range 0.910 — 0.925 g/em’.
The e_thylenefot-oleﬁn copolymers of the present invention typically have a



13 Preparation of the supported catal yst 499 kg of the silical TEA
containing Cctastat 2000 were introduced into a reactor. The above prepared
solution of catalyst conponent 1 was fed to the reactor over a period of 45
m nutes and the m xture was then stirred for a further 30 minutes. 5The
contents of the reactor were then codled to 14C and the above prepared
‘solution of netall ocene conplex A and 1-hexene was fed over a period of 30
m nutes, and then the m xture was further stirred for 2.5 hours. During the
addi tion t k@ 1dcifafvemht diSHBEAG] MtRe Falsd $236Hd %ﬁféammmmés%& 45.57.4 kg
of an Cctastat 2000 solution in pentane (29/1) was’ added over a period of
10 30 minutes aBY ushef the singlesitoeaialysiesf the presens invamon cppolymer prpdugisiaay

dynam c va : ' : | ' | e

o i pod Lo a R el e bR AP ftk BEERE The ) BOSISL R Brlc bl e

resul ting datglysiofitterinsdmbine s ganicuddrtyassignifinanowitlerdspdcototthe dde. of the padyrhes t he
boron content to be 47.4 |tnol/ ! al um niumcontent to be 1.06 mmol /g
and thegreélff&’lﬁg*m%pgﬂ}lgmy438138@“gb&"%%pp?%a@%npl e 2 - Polynerisations
The supported cThepigsdnt identicaSiichow belltdatdd s fekdndt & the deddapafifisg Phase
pilot plant using the process conditions described in Table 1. A continuous
feed of OcEXERIES 2000 was mmintained vs. the ethylene feed rate. In each
case a |ineghri@iisdgnsity ethyl ene/ 1 -hexene co-polymer was prepared. 20 25

14 Table 17-Process Conditjions Polymerisation tenperature (C) 83 Pressure
(bar) 20 Bd&Aheight (m 5trigthylagmginfimi di sation vel ocity cm's

10 Tonic Compound A  [N(H)Me(Cis.22H3745)2][B(C6Fs)s(p-OHCsHa)]
Complex A (C5Mé4Si1VIe2N‘Bu)Ti(114- 1-,3-penfadiene) :
Example 1
Preparation of catalyst component 1
To 337.0 kg of a 10.72 wt.% solution of _Ionic Compound A in toluene were added

15  overaperiod of 15 minutes 27.4 kg of a 13.1 wt.% TEA solution in isohexane. The
mixture was further stirred for 15 minutes to yield a solution of catalyst component 1.
Preparation of a mixture of metallocene complex and 1-hexene

To 109.3 kg of a 9.94 wt.% solution of Complex A in heptane were added 83.0 kg
of l—hexenc. - |

20  Treatment of silica with TEA .

Under continuous agitation, 1491 L of isohexane and 397 kg of silica D948
(available from W.R. Grace), were added to a reaétor. (The silica had been previously
calcined under nitrogen to reach .a level of hydroxyl groups of 1.53 mmol/g). 19.3 kg of an
Octastat 2000 (available from Innospec) solution in pentane (2g/l) was the added and the

25  mixture was stirred for 15 minutes. 571 kg of a 12% triethylaluminium (TEA) solﬁtion in
isohexane was then slowly added over 1 hour and the mixture was stirred for 1 hour further
at 30 °C. The slurry was filtered and thoroughly washed with isbhexane before being
transferred to a dryer. 19 kg of an Octastat 2000 solution in pentane (2g/I) was added and

‘the mixture was finally dried at 60°C under vacuum. o |

30 428 kg of silica/TEA were obtained. The aluminium content of the solid was found to be

1.3 mmoV/g. '



45- 48 Residence time (hr) 5.7-5.9 Ethylene flow rate (kg/hr) 140 Parti al
pressure of ethylene (bar) 12.8-13.5 Gas phase hydrogen/ethylene ratio

.0. 0022-0. 0024 Gas phase 1- hexene/ethylene ratio 0.0044- 0.0056 Parti al
pressure of pentane (bar) 1 Cctastat 2000 (ppm) relative to ethylene feed
5-10 Product analyses 1. Pelletisatl®dn 5Reactor powder was conpounded on
"a pilot scale extrusion line (Coperion ZSK 58 twin screw extruder) with the
conditions given in Table 2 below. An additive formrulation conprised 400ppm
of Irganox p} aﬁgﬁioﬁmgsg l@édégtgagtos 168. The main extruder settings are
gi ven bel oWl re of the nelt at the gear punp inlet
is typically 245?29 k&®f ﬂFhelhsEprEquoota@m@vastﬁ 200 wersl ihtpodnced inkovhwelgfor.

The above prepared solution of catalyst component 1 was fed to the reactor over a period

of 45 minutes and the mixture was then stirred for a further 30 minutes.

5 The contents of the reactor were then cooled to 14°C and the above prepared
solutlon of metallocene complex A and 1-hexene was fed over a period of 30 minutes, and
then the mixture was further stirred for 2.5 hours. During the addition the internal
temperature increased to a maximum of 26 °C.

57.4 kg of an Octastat 2000 solution in pentane (2g/1) was added over a period of
10 30 minutes and the mixture was then dried at 45°C (24 hours) under dynamic vacuum.
During the drying process the ingression of air was minimized and no nitrogen back fill
was performed. Analysis of the resulting dry powder showed the titanium content to be
46.1 ymol/g, the boroﬁ content to be 47.4 umol/g , the aluminium content to be 1.06
mmol/g and the residual solvent to be 0.65 wt.%.
15 Example 2 - Polvmerisations
- The supported catalyst was tested in a continuous fluidized bed gas phase pilot
plant using the process conditions described in Table 1. A continuous feed of Octastat
2000 was maintained vs. the ethylene feed rate. In each case a linear low density
_ethylene/1-hexene co-polymer was prepared.
20

25

30



These conditions are typical of extrusion reginmes used in industry for the
simlar, resins. 15 Table 2: Extrusion conditions Flow rate (kg/h) 266.3
Feed hopper oxygen level (% Screw speed (rpm 324 Tenperature of barrel
zone 2 (C) 160 Tenperature of barrel zone 3 (C) 180 Tenperature of barrel
zone 4 (C) 210 Tenperature of barrel HWone 5 (C) 240 Tenperature of throttle
‘val ve (C) 220 Valve position () 48 Melt pressure Pnd (suction) (Bar)

Table 1: Process Conditions

Polymerisation

83
temperature (°C)
Pressure (bar) ' 20
Bed height (m) 5.8-6.0
Fluidisation velocity
_ 45-48
cmls ‘
Residence time (hr) 5.7-5.9
Ethylene flow rate (kg/hr) . 140
Partial f
artial pressure o 12.8-13.5
ethylene (bar) '
Gas phase .
0.0022-0.0024
hydrogen/ethylene ratio
Gas phase 1-

0.0044 - 0.0056

hexene/ethylene ratio

Partial pressure of

pentane (bar) !
Octastat 2000 (ppm) 5; 10
relative to ethylene feed
Product analyses
1. Pelletisation )
5 Reactor powder was compounded on a pilot scale e;xtrusion line (Coperion ZSK 58

twin screw extruder) with the conditions given in Table 2 below. An additive formulatlon
comprised 400ppm of Irganox 1010 and 800 ppm of Trgafos 168.
The main extruder settings are given below in Table 2.
The temperature of the melt at the gear pump inlet is typically 245°C.
10  The specific energy is typically 0.17 Kwh/Kg.

These conditions are typical of extrusion regimes used in industry for the similar resins.

15



39 Tenperature of transition piece (C) 220 Tenperature of Die (C 220 2.

Opt i cal,

consi sting
wi ndi ng st
‘used: + Sc
t he head):
of f speed:

00038(2) 16

nmeasur emen
ref erence
(reference

Cont r ol
neasured by the Opti cal

System (0CS) for counting gels The gels content was
Control Systens device Me-20/26 V2 type 5

of a 20 mm single screw extruder, a flat die, a chill roll,
ation and an optical déetect®r. The followi ng conditions were

a

rew speed: 25 rpm Tenperature profile (fromfeeding section to
190- 200- 205- 210-215- 220C 10 Chill Roll tenperature: 75C + Take
2.5 mMmn + Wnder tension: 5 %+ Roll torque: 5 Nm Case

A reference product was tested before each set of new
tBable 2:NExuSiown cofiditiegnsane processing|conditions; this
was a 0.9M LLDPE resin used for blown fiil mapplications

thpﬁgég%%g a Statisticat [ 55 ComT9l anal-ysis was done to
e

confirmthat t was performng correctly. Fol each product tested by
OCS, 2 5 COISFR3HeY nts—were—perforned,jand if they were in the
same range, ﬁ &%V Qégﬂyﬁkﬁg was reported as a regsult. If not, a third
measur enent red—Fabte—3—s nllcco theqgel levels for filns
pr oduced fr%%ﬁ%%%gét gps according to:%he present i nvention. Exanple 1
r epr esent +H REa—coppl-yer—B ted under the above
descri bed ;§ @?Fggfﬁgﬁiégﬁﬁ' p partial pressure of 1
bar and 10 O 3ol yrer—produced—wiih a pentane parti al
pressure @ X : 5 : . nrconnercr?lly avai | abl e pol yners
are al so H?HH%##£#—?%§P?HH%ﬁﬁrJ€b!e 3
emperature of barrel zone 4 (°C) 210
Temperatﬁre of barrel zone 5 (°C) 240
Temperature of throttle valve (°C) 220
Valve position (°) 148
Melt pressure Pm4 (suction) (Bar) 39
Temperature of transition piece (°C) | 220
Temperature of Die (°C) 220
2. Optical Contfol System (OCS) for coilnting gels
The gels content was measured by the Optical Control Systems device ME-20/26 V2 type
5 consisting of a 20 mm single screw extruder, a flat die, a chill roll, a wmdmg station and an
- optical detector. The following conditions were used:
% Screw speed: 25 rpm
* Temperature profile (from feeding section to the head):190-200-205-210-215-
220°C '
10 % Chill Roll temperature: 75°C

N
°oe

Take off speed: 2.5 m/min

‘Winder tension: 5 %

N
o

Roll torque: 5 N.m



Catal yst Density (g/en8) Melt index '(g/ 10 min) 100<Nb<300 pm gel s/ n?
3Q0<Nb<500 pm gel s/ n2 500<Nb<2000 Am gel s/ n2 Total . 100<Nb<2000 |i m gel s/ n2
Exarrple 1 0.917 1.1 445 4 1 450 Exanple 2 0.917 1.1 447

Case 00038(2) 16

A reference product was tested before each set of new measurements on the OCS using
the same processing conditions; this reference was a 0.9MI LLDPE resin used for blown
film applications (reference XF660) and a Statistical Process Control analysis was done to.
confirm that the OCS was performing correctly. For each product tested by OCS, 2

5  consecutive measurements were performed, and if they were in the same range, the

average value was reported as a result. If not, a third measurement was performed.

Table 3 summarises the gel levels for films produced from copolymers according to the

present invention. Example 1 represent a film prepared from a copolymer produced under

the above described polymerizatibn conditions with a pentane partial pressure of 1 bar and
10 Example 2 from a copolymer prodﬁced with a pentane partial pressure of 0.5 bar.

Films prepared from commercially available polymers are also listed for cbmparison.

Table 3
Catalyst Density | Melt | 100<Nb<300 | 300<Nb<500 | 500<Nb<2000 | Total
(g/em’) | index | pm pm pm 100<Nb<2000
(/10 | gels/m’ gels/m’ gels/m? pm
min) gels/m*
Example 1 0.917 1.1 445 4 1 450
Example 2 0.917 1.1 447 454
LL0209AA | 0.920 0.9 |473 24 4 500
15  LLO209AA is a ethylene-butene copolymer from Ineos Polyolefins produced by a Ziegler
Natta catalysed gas phase polymerization.
Density was measured using a density column according to ISO 1872/1 method.
20 As canbe seen from Table 3 the catalyst according to the present invention yielded

polymer products that exhibit a low level of gels. The low level of gels produced with the

inventive catalyst is significant with respect to the use of the resin in highly demanding

blown film apphcatlons




6 1 454 LLO209AA 0.920 0.9 473 24 4 500 15 LLO209AA is a et hyl ene-butene
copol yger from Ineos Polyol ef ns produced by a Ziegler Natta catal ysed gas
.phase pol ynerization. Density was neasuredusing a density colum according
to I SO 1872/ 1 nmethod. 20 As can be seen from Table 3 the catal yst according
to the present. invention yielded pol yler products that exhibit a | ow | evel
"of gels. The low level of gels produced with the inventive catalyst is
significant with respect to the use of the resin in highly demandi ng bl own
filmapplicgaii@ns. 17 daims 1. A nmethod for the preparation of a film
cont ai ni ng 300 - 600 gels/nﬂ of size in the range 100 -2000 pm as neasured
by an optidal cdvmetbpd foysheprepadain ois fHmrcentainifeR00 -$68 gelshedf sizaiimthti | m
bei ng derived from et hyl ene -a-ol efi,n copol ynmer c cterised in 5 that
sai d copol yH&® IPQ_&BQ%&P’E% sy %BY??‘&H’@W’SRW?W@S%(W rehereigheteocess in
the presenc@sdpibed sid Hih®etiglRrivad ﬂ(lér% %ﬁ efh ﬁﬁ@@-ol%ﬁﬁ‘cﬂﬁ%lmgr FaFRMSsDPint ©

claim1 wherein the filmcontains - 500 gels/n2 of"size I n the range

100 - 2000 kphsaid cppatumerdsl prepared i mparticle &irming podymerisetipn proeess imgthe | ai s
wherein t h%ré%ér?ée%ffhgingﬁ site catalyst system.

2. A method according to claim 1 wherein the film contains 300 - 500 gels/m? of size
in the range 100 — 2000 um.

3. A method according to either of the preceding claims wherein the o-olefin is
10  chosen from 1-butene, 1-hexene, 4-methyl-1-pentene and 1-octene.
4, A method according to claim 3 wherein the a-olefin is 1-hexene.
5. A method according to any of the preceding claims wherein the ethylene -o-olefin
copolymer has a density in the range 0.900 — 0.930 g'cm3 .
6. A method according to claim 5 wherein the ethylene -a-olefin copolymer has a
15  density in the range 0.910 — 0.925 g/cm>.
7. A method according to any of the preceding claims wherein the single site catalyst
system comprises - |
(a) asingle site catalyst,
(b) a cocatalyst, and
20 (c) asupport material.
8. A method according to any of the preceding claims wherein the single site catalyst
is a metallocene. :
| 9. A method according to claim 8 wherein the metallocene is a monocylcopentadienyl
metallocene complex.

25 10. A method according to claim 8 wherein the metallocene has the general formula:



10 chosen from 1-butene, 1-hexene, 4-nethyl-1-pentene and 1-octene. 4.A

met hod,according to claim3 wherein the a-olefin is 1-hexene. 5. A nmethod.
.accordlng to any of the preceding clains wherein the ethylene -a-olefin
copolynmer has a density in the range 0.900 - 0.930 g/cnB. 6. A nmethod
according to claim5 wherein the ethyl8ene -a-olefin copolyner has a 15
‘density in the range 0.910 - 0.925 g/cn8. 7. A nethod according to any of
the preceding claims wherein the single site catal yst system conprises (a)
a single site catalyst, (b) a cocatalyst, and 20(c) a support material. 8. A
nmet hod according to any of the preceding clainms wherein the single site
catalyst is-a netgrlocene. 9. A nethod according to claim8 wherein the
netal |l ocene is a nocyl co #ddi enyl netal | ocene conplex. 25 10. A net hod
according to claim ein thé\getallocene has the general fornula: 18
wher ei n: - '

R /\'
4
R' ’ Rx r‘f
X J.
(<,
- wherein:-
5 R' each occurrence is independently selected from hydrogen, hydrocarbyl, silyl,

germyl, halo, cyano, and combinations thereof, said R' having up to 20 nonhydrogen
atoms, and optionally, two R' groups (where R' is not hydrogen, halo or cyano) together
form a divalent derivative thereof connected to adjacent positions of the
cyclopentadienyl ring to form a fused ring structure;

10 - Xis hydride or a moiety selected from the group consisting of halo, alkyl, aryl,
aryloxy, alkoxy, alkoxyalkyl, amidoalkyl, siloxyalkyl etc. having up to 20 non-hydrogen
atoms and neutral Lewis base ligands havmg up to 20 non-hydrogen atoms,

Y is -O-, -S-, -NR*-, -PR*-,
M is hafnium, titanium or zirconium,
15 Z* is SiR*;, CR*;, SiR*,SIR*;, CR*;CR*;, CR*=CR*, CR*,SIR*;, or
GeR*;, wherein: *
R* each occurrence is independently hydrogen, or a member selected from
hydrocarbyl, silyl, halogenated alkyl, halogenated aryl, and combinations thereof, said
_ 'R* having up to 10 non-hydrogen atoms, and optionally, two R* groups from Z*

20  (when R* is not hydrogen), or an R* group from Z* and an R* group from Y form a ring

system,

andnis 1 or2 depending on the valence of M.

11. A method according to claim 8 wherein the metallocene has the general formula:



5R each occurrence is independently selected from hydrogen, hydrocarbyl,
silyl, ,gernyl, halo, cyano, and conbinations thereof, said R having up to
.20 nonhydrogen atonms, and optionally, two R groups (where R is not
hydr ogen, hal o or cyano) together forma dival ent derivative thereof
connected to adjacent positions of tH& cyclopentadienyl ring to forma
‘fused ring structure; 10X is hydride or a noiety selected fromthe group
consisting of halo, allcyl, aryl, aryloxy, alkoxy, alkoxyalkyl, am doal kyl,
sil oxyal kyl etc. having up to 20 non- hydrogen atons and neutral Lew s base
| i gands having up to 20 non-hydrogen atons, Y is -0-, -S-, -NR*-, -PR*-, M
is hafnium titaniumor zirconium 157Z* is SR .*2, CR*2, S R *2SER*2
CR*2CR*2, CR*=CR*, CR*ZSIR.*Ey-or GeR* 2, mhereln : R* each occurrence
i s independently hydrogen, of,a neq?gp/s *ect ed from hydrocarbyl, silyl,
and c

hal ogenat ed al kyl, hal ogenate bngnnatlons t her eof sald R*
having up to 10 .-non- hydrogen /atqps,} and opti o y, two R* groups from Z*
20 (when R* is not hydrpge @: R* group frém Z* and an R* group fromyY
forma ring system and n is\l ependlgg/en the valence of M 19
wher ei n: - R each occurren .\\degegg htly selected from hydrogen,
hydr ocar byl , silyl, gernyl al o, qno d conbi nations thereof, said R
having up to 20 non- hydrogen 5at onms™ and :)Etl onally, two R groups (where R

i s not hydrogen, halo or cyano) together forma dival ent derivative thereof

connected to adjacent positions.of the cycthopentadienyl ring to forma

fused ring structure; Xis a neutral rdiene group having up to 30 _

non- hydrogen atons, which forns a 7c-conplex with M 10Y is -0-, -S-,-PR*-,

Mis titaniumor zirconiumin the + 2 fornal oxi dation state; - .
wherein:~ :

R' each occurrence is independently selected from hydrogen, hydrocarbyl, silyl,
germyl, halo, cyano, and eombinations thereof, said R' having up to 20 non-hydrogen
5 atoms, and optionally, two R' groups (where R' is not hydrogen, halo or cyano) together
form a divalent derivative thereof connected to zidj acent positiohs of the
cyclopentadienyl ring to form a fused ring structure;
X is a neutral n* bonded diene group having up to 30 non-hydrogen atoms, which
forms a -complex with M;
10 Y is -O-, -S-, -NR*-, -PR*-, _
M is titanium or zirconium in the + 2 formal oxidation state;
Z* is SiR*,, CR*,, SiR*,SiR*;, CR*,CR*,, CR*¥=CR*, CR*,SiR*,, or
GeR*,, wherein:
R* each occurrence is independently hydrogen, or a member selected from
15  hydrocarbyl, silyl, halogeﬁated alkyl, halo geﬁated aryl, and combinations thereof, said
‘R* having up to 10 non-hydrogen atoms, and optionally, two R* groups from Z*
(when R* is not hydrogen), or an R* group from Z* and an R* group from Y form a ring
system. | | ' '
12. A method according to claim 11 wherein M is titanium.

20 13 A method according to claim 7 wherein the cocatalyst has the general formula:

L*-H)*s (AT)



Z* is SIR*2, CR*2, SIR*2SiR*2, CR*2CR*2, CR*=CR*, CR*2Si R*2, or CGeR*2,
whereip: R* each occurrence is independently hydrogen, or a nmenber sel ected
from 15 hydrocarbyl, silyl, hal ogenated al kyl, hal ogenated aryl, and

conbi nati ons thereof, said R* having up to 10 non-hydrogen atons, and
optionally, two R* groups fromZzZ* (w#¥n R* is not hydrogen), or an R* group
‘fromZ* and an R* group fromY forma ring system 12. A nethod according to
claim1l wherein Mis titanium 20 13. A nethod according to claim7 wherein
the cocat al yglierlgs the general formula: (L*-H)+d (Ad-) 20 wherein L* is a
neutral Lew s base (1-,*-1-1)+d is a Bronsted acid Ad" is a

non- coor di ndti W@ nevmaldiewid kaseni on having a charge of d and 5d is an integer

froml to 3. lchA' t % cording to claim13 wherein the cocatal yst
conpri ses ‘i o(%i c"ol%ourﬁ %eadcacﬁ%ri sing a cation and an ani on wherein the

ani on has atAf sastonemerdindtisiicomestibleatqr havinpp chargeiofdy athvi ng an acti ve

~ hydrogen. 10,15. A net god ccording to claim?7 wherein the support materi al
is silica 15SAYHIESEHOGLWYHing to claim 1 wherein the single site

catal yst system conprises (a) a netallocene conplex, (b) a non-al um noxane

cocatal yst, (c) a support material, and 15(d) a pol ynerisable nononer, 17.A
met hod acchk di nymedodiagearding towplaims] 1wherein s yskiomprisesionis comgoundiex ene.

ilg : Qr gg;t‘ g%nﬁﬁﬁﬁfgqi QAflort hdCrPAnBrlPheflif B2 aRicnHas S 1048 Sacdubsiithd: BbMplisisy St em
a moiety having an active hydrogen.
10 15. A method according to claim 7 wherein the support material is silica.
16. . A method according to claim 1 wherein the single site catalyst system comprises
(@) a metallocene complex, |
(b) a non-aluminoxane cocatalyst,
(c) a support material, and
15 (d) a polymerisable monomer,
17. A method according to claim 16 wherein the polymerisable monomer is 1-hexene.
18. A method according to claim 16 wherein the singlé—site catalyst system is prepared
by contacting together in a suitable solvent | )
(a) ametallocene complex,
20 (b) a non-aluminoxane cocatalyst,
| (c) aporous support material, and
(d) a polymerisable monomer, and
removal of the solvent.
19. A Ihethod according to claim 18 wherein the metallocene is a
25 monocyclopentadienyl metallocene complex. _
'20. A method according to claim 18 wherein the cocatalyst comprises ionic compounds
comprising a cation and an anion wherein the anion has at least one substituent comprising
a moiety having an active hydrogen. .
21. A method according to any of the preceding claims wherein the polymerisation
30  process is performed in the gas phase or the slurry phase. _
22.  Afilm containing < 300 - 600 gels/mz‘of size in the range 100 — 2000 pm as
measured by an optical control system (OCS) as hereinbefore described, said film being



by contacting together in a suitable solvent (a) a netall ocene conpl ex,
20(b) @ non-al um noxane cocatal yst, (c) a porous support material, and
.(d) a polynerisable nononer, and renoval of the solvent. 19. A nethod
according to claim 18 wherein the netall ocene is a 25 nonocycl opent adi enyl
nmet al | ocene conpl ex. 20. A method acdording to claim18 wherein the
“cocat al yst conprises ionic conpounds conprising a cation and an ani on
wherein the anion has at |east one substituent conprising a noiety having
an active fydk -an2e1th3ﬁéﬂée Jo =Yl j . i cl ai ms
.wherein the po?%%rrglrl sat’ on %gﬁpr ocgglﬁeg&ggg?t%?%g?fh%p%ﬁcgéd?g%eﬁgsse or the .
sl urry phapmepar@®in/a farticle fomirg polymprisatB@proces O thepredene of a snglesitsmn t he range -
100 - 2000 azép zs Smeasured by an optical control system (COCS) as

her ei nbef of &>k §%rt‘?r5'e_d, said filmbeing 21 derived froman ethyl ene

-a-ol efi n gRpol Xtk settadiag teslhisezl dontdikiag 360 SD00RRAhY okyizd i6 R W0 i n a
particle form ng pol ynerisation process In the presence of a single site
cat al ysi sy P pim. 23. Afilmaccording to claim 22 containing 300 - 500
gel s/ m2 of 51 ze, st . . = . - 24 - rding to
ei-t her of %: “ai rr% ﬂ%?ag%r%gg%eelghg?%ﬁtlﬂégg ?P?nz&hgreﬁ tg%ik@f{dnélm(ﬁﬁg’s. Afilm
accordi ng b clAifilm22cosilisp & clainh2? wharbie ftheno-okefib-ibh &shexene.



