LOW FOULI NG AND HI GH ACTI VI TY POLYMERI ZATI ON PROCESS

Field of the Invention This invention relates to a | ow
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specifically, this invention relates to a | ow fouling,

hi gh activity pol ynerization process that incorporates

the use of hydrofl uorocarbon diluent containing little

to no chlorine containing hydrocarbons. Background of

the I nvention Polynerization generally involves
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polynmeric product. The pol ynerization reaction can be
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reaction that incorporates the use of an organic fluorinated carbon compound as

the diluent.
There are needs for irhproved polymerization processes, for example
20  reducing reactor fouling at commercial scale, enhancing the commercial grade
slate of polymer products produced from a given process, increasing polymer
production capacity without significant investment where these process
improvements necessitate more efficient recovery systems that provide
environmental benefits as well as cost reductions. In particular, there is a need for
25  increasing polymerization catalyst activity, while maintaining a low degree of

reactor fouling, and for producing a wide grade of commercial polymer products.

Summary of the Invention

The invention provides a process for making a polymer product at

relatively high catalytic productivity and with very low reactor fouling during the



relatively high catalytic productivity and with very
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conmpound, and the conpound as well as the reaction
systemhas little to no chlorije containing

hydr ocar bon conpounds. According to one aspect of the
i nvention, there is provided a polynerization process
that conprises m xing together a catal yst system at
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I n anot her .enbodi rent of the invention, the
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with at least one monomer and a catalyst system to produce a polymer.

In another embodiment of the invention, the polymerization process
includes removing chlorine containing hydrocarbons from a mixture containing
hydrofluorocarbon to produce a hydrofluorocarbon product. The hydrocarbon
product is mixed with at least one monomer and a catalyst system to form a
polymer at a productivity of at least 400 g/g/hr, preferably at least 500 g/g/hr,
more preferably at least 600 g/g/hr, still more preferably at least 700 g/g/hr, and
most preferably at least 800 g/g/hr.

In yet another embodiment, the process comprises removing chlorine

containing hydrocarbons from a mixture containing hydrofluorocarbon to produce



nost preferably at |east 800 g/g/hr. In yet another
enbodi nent, the process conprises renoving chlorine
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In another embodiment, one or more of the chlorine containing

hydrocarbon compounds are removed from a mixture containing the
hydrofluorocarbon prior to producing the polymer. Generally, the mixture
contains a total amount of chlorine containing hydrocarbons of 50,000 ppm or
less, by mass. Preferably, the one or more chlorine containing compounds are
removed by one or more processes selected from the group consisting of
distillation, extractive distillation, contacting with metal permanganate, contacting
with chromium oxide, adsorption, reactive distillation, and contacting with one or

more decomposing agents.
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one or nore deconposing agents. Detail ed Description of
the Invention L Introduction Zhis invention is
directed to a polynerization process that is carried
out at relatively high productivity levels and with
relatively low fouling. The process includes m xing
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priebéuciblity. ddrposner¢ialisalgoudiction low levedvef madystigite loss can
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hydrocarbon having ljittle to no solvent power. More
prl&f er a}il’_ﬁllﬂltﬁét_hﬂgé&@éht i s a hal ogen containing, nost
preferably fluorinated hydrocarbon, conpound, and.
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angviifreBeeed fouling, higher overall efficiencies and/or reduced environmental

emissions. The diluents of the invention are preferably compositions added to the
reaction process that reduce the concentration of one or more active materials in
the process to achieve the desired and beneficial effect. Preferably, the diluent is a
hydrocarbon having little to no solvent power. More preferably, the diluent is a
halogen containing, most preferably fluorinated hydrocarbon, compound, and
preferably having little to no solvent power with respect to the polymer product.
The fluorinated hycirocarbons may be used individually or as mixtures, and can be
included in a mixture with non-fluorinated hydrocarbon diluents if desired.
According to this invention, fluorinated hydrocarbons are interchangeably
referred to as hydrofluorocarbons or hydrofluorocarbon compounds or HFCs.

These compounds have at least one carbon atom and at least one fluorine atom.
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20  hydrocarbon. In yet another embodiment, the fluorinated hydrocarbon is balanced
or unbalanced in the number of fluorine atoms in the fluorinated hydrocarbon
compound.

Non-limiting examples of fluorinated hydrocarbons include
fluoromethane; difluoromethane; trifluoromethane; fluoroethane; 1,1-

25  difluoroethane; 1,2-difluoroethane; 1,1,1-trifluoroethane; 1,1,2-trifluoroethane;
1,1,1,2-tetrafluoroethane; 1,1,2,2-tetrafluoroethane; 1,1,1,2,2-pentafluoroethane;
1-fluoropropane; 2-fluoropropane; 1,1-difluoropropane; 1,2-difluoropropane; 1,3-
difluoropropane; 2,2-difluoropropane; 1,1,1-trifluoropropane; 1,1,2-
trifluoropropane; 1,1,3-trifluoropropane; 1,2,2-trifluoropropane; 1,2,3-

30 trifluoropropane; 1,1,1,2-tetrafluoropropane; 1,1,1,3-tetrafluoropropane; 1,1,2,2-

tetrafluoropropane; 1,1,2,3-tetrafluoropropane; 1,1,3,3-tetrafluoropropane;



1,1,1 ,2-tetrafl uoroethane; 1,1, 2,2-tetrafl uoroethane;

1,1,1 ,2,2-pentafl uoroethane; 1-fl uoropropane;
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1, 2-di fl uoropropane; 1,3- difluoropropane;
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heptafluorobutane; 1,1,1,3,3,4,4-heptafluorobutane; 1,1,1,2,2,3,3,4-
octafluorobutane; 1,1,1,2,2,3,4,4-octafluorobutane; 1,1,1,2,3,3,4,4-
30 octafluorobutane; 1,1,1,2,2,4,4,4-octafluorobutane; 1,1,1,2,3,4,4,4-
octafluorobutane; 1,1,1,2,2,3,3,4,4-nonafluorobutane; 1,1,1,2,2,3,4,4,4-
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LT hLOE AUl abt ancioal L. 2 2id e 301 Uof 9Vl gbUL S
1, flhofordeBais Rh@f |1U107- @4 ELORIIANAE; Inladlitdondo Fnose fluorinated

pentafluorocyclobutane
1, hydmocartong dersxihed haseinethosoBuerinated ydiocartong despribed in

B RGY L 3 R Negreiing Rensri FuorgoabopsPages 1- 133, by
hepd @hém%pgwcﬁioﬁbwmmm&asm Chtbiatiynddl £heIra08d, which is fully
fluorinated hydrocarbons include difl uoronet hane

trmchrp@ﬁ@ﬁér@mhhy refereneg, preyaelsd@dhane, 1,1, 1-
trifl u
L BN oo g

f Icumbumba dVIfhy(ﬂfe(lﬁ aidre eridesey subkeds baben moxidepﬁlerogen argon,
fl uorinated hydrocar bons ri in Ra
etiicoh eﬁu@gkrmmnkéwﬁgarﬁetge?@ %tgs PELS O ﬁgboma%tsthfmert
%@SBQMU6 Chen1ca| Econom cs Handbook- SRl

ernational, April 2001, which is fully incorporated
her ein Ibynmthélqrrefmed embedinrent, tltefuorimtaitotdnerarbon used in the

enbodi ne the fluori e dr ocar bons .are u ed in
C Bt b RO ATE SPGBt the Erong fopsotti:
C Q4 IARRoAL PN & fltrb i OB8Rs, 181-8@Roroethane, 1,1,1 tnﬂuoroethane, and

1,1,1,2-tetrafluoroethane and mixtures thereof.
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In one particularly preferred embodiment, the commercially available
fluorinated hydrocarbons useful in the process of the invention include HFC-236fa
having the chemical name 1,1,1,3,3,3-hexafluoropropane, HFC-134a having the

chemical name 1,1,1,2-tetrafluoroethane, HFC-245fa having the chemical name



neon, helium krypton, zenon, and the like. In the
preferred enbodi nent, the inert gas is nitrogen. In

waewbler4pr ef erred enbodi nent, the fl uori nat edPCT/US2005/021652
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hydr ocarbon used in the process of the invention are
sel ected fromthe group consigting of difluoronethane,
trifluoronethane, 1,1-difluoroethane, 1,1,1
-trifluoroethane, and 1,1,1, 2-tetrafl uoroethane and

m xtures thereof. In one particularly preferred

enbpdiznepentaflidéro | SIF-B 65naf¢c dial imlgltlee Eleudedl matmed,1,1,1,3-
hydrocar ons use in the process of the invention

i rp@nt;vﬂlelonrt@lwsRaﬁlﬁéwlﬁg ther@leawéqlrme@rs ofigfigorocyclobutane, and

iﬁiﬁ#tél’fbnng?re mtﬁgﬁﬂ&?% oroet }ﬁé 9@8?%@@6’ all of

haﬂ&ﬁgwéB&nﬁﬁﬁﬁmgahmﬂaﬂeﬂu&mﬂn&iEwﬁemﬁhﬁhuoropropane
HFC- 365nf ¢ havi ng the cheni cal nane 1,

pent af lacngBer smBodipent, e Horogagbanyia neh%:ﬁ?r HPmi’?é‘?fjeC4 to C10
f
@?ﬂ“g th (ré:‘glér{rtwieile Zggﬁoﬁﬂﬁm&’r 0 g ec aﬁcé%?) %)1 (riJ%eTﬁ(tﬁa ﬁ%‘z‘ﬂﬁ%n‘é&?

t h@&ﬁ)oaﬂﬁ)nc dmmﬁbtxhelaérhbodanmtl thb IfEOfdcaﬂIonnan@d)erﬂuorodecalin
hydrocarbons I n _anot her enbgdi nent f |l uorocarbon

i Perzorghentans, peflupronerpnePY U%P@%M% hexaneprifigpoctane,
rfgﬁ%&@ N3 dhﬁ@ch{rl'c&@ﬂ%%@ﬁ n%@rﬂu%rdiﬂhaﬁ’e @ﬁafdbuﬂzane ajred

rocar bén. I'n anot her enbodi nent, the fl uorocar bon
i penfdiorpeilddneo iwa peicalarly pmfél’mbmlbmbmamethe fluorocarbon

perfluorohex uor o thylcyclohexane
pEPPFISISESHPE Of%@?dhmi?‘@r D% di met hyl cycl ohexane,

per f | uokoRBARPembbdiHRLOIRE MaueRRarboh iPsebdnt of MbR) tHANEweight
In a particularly preferred enbodi nent, the

f I%,o'lna;sc@ upmnth@mg}gtog‘ tl@sfhmqqaglpqum@fany hydrocarbon solvent

hydr of ocar ons anot her

C IreRaL I e FACER,Prsthfly® 2GR RIIERS plifiaby geatey than
UpPReichesptdtrabBfgrédie thormweiphk bQ Iibrﬁ&db@ryeater than 10 weight
hydr ocar bon sol vent present in the reactor, preferably

gréapreferatlysreatexdhagkS weighir 'es ety gff‘@&tr ébantzrﬁ)a‘ﬁelsht %)

I 0
prpé‘\%gfabé? Sf%ga ﬂk&%‘%%}ﬁafb’%&g%?y g/f; pre 278 elght %,
g&ﬁé%ﬁﬂ%ygﬁﬂk%Bwngfghigﬂ&éﬁﬂekﬁmabgga@rﬂmﬁ?ﬂ\mngn920
wei ght 9 refera rea we .
prpéq?f@f%‘? gr%@wémr Db Jo TGy el BPBSIoTSjEn %,

Q%fafbg/}; f’ Dt tha¥Ro Y h{"%, r@lfeﬁfb?}bgﬁéaﬁf ﬁﬁheﬂ) v&é‘@ﬁ %40
pretferably g eat r t han
pr;ﬁ:é{efaw yregtee titae 8 Otvieaght 36, prefiersbly Steater than 90 Welght %.

another embodiment the fluorocarbon is present at more than 1 weight %, based
upon the weight of the fluorocarbons, monomers and any hydrocarbon solvent
present in the reactor, preferably greater than 3 weight %, preferably greater than
5 weight %, preferably greater than 7 weight %, preferably greater than 10 weight
%, preferably greater than 15 weight %, preferably greater than 20 weight %,
preferably greater than 25 weight %, preferably greater than 30 weight %,
preferably greater than 35 weight %, preferably greater than 40 weight %,
preferably greater than 50 weight %, preferably greater than 55 weight %,
preferably greater than 60 weight %, preferably greater than 70 weight %,
preferably greater than 80 weight %, preferably greater than 90 weight %. In the



preferably greater than 60 weight % preferably
greater than 70 weight % preferably greater than 80

woweiognesy preferably greater than 90 wei ght %CT/0S2005/021652
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anot her enbodi nent the fluorocarbon is present at nore
than 1 weight % based upon the wei ght of the

fl uorocarbons, nononmers and any hydrocarbon sol vent
present in the reactor, preferably greater than 3

wei ght % preferably greater than 5 wei ght %

Pr&bar b the el Bhsid Rt Kaied WrthPaveiphich lablcdrtgnentiedl be
than 10 wei ght” % preferably greater_ than 15 weight %

preéemeds tp bygbesadarpon ihgtord weighy ef theyfluerespeoas myonomers and
greater .than. 25 weight. % preferably greater than 30
m&ygrﬂcaﬁ}s"npﬁoé’fe&%? e ot gera § 0}eian 35 wei ght %

pr ef er al Mhother ahBsdifneanthé Pusricgivon Yprefetiethabl y

greater than 50 weight % preferably greater than 55

wdiyghafhugrogsitecine isgppsgnbrianers thambyelgme ,t@pﬁd upon the total

referab eat er. ' 0 [
b r&uihs Of the TR Gloh il o6 VB Gitbo St L LR he sgaotor,
Wairgfafab¥y gleatet Heg Bemlurhé 4, pdferabisi giterthai $ volsnreds,
naned for the weight % fOI uor Qcar.bon, it sh%l | . be |
prossfgrabdy g@a@éﬂv@ag’ selugisort Plﬁgﬁrﬁa@if greatgs theg Ogolyme %,
fluo d )
or R pRfE B3I C LA ORA (381 APiFme 2%,
f | preferubly brater tharf26 vahinye V) prefigrablyforeater doar Koveluine %,

e BHET el o DRV BIFITANY Ry GEa LRk Sen

pgﬁéﬁ 3/}'1 Breb{3PiHaR A6 WelumdPYE bRIFGRbLY o8 Rin S0 Wdlue %,
vVal une "4

preferably greater than vol une %
prigéferably gregieetunn 55vélame Peairefecably gisetet thanl90yolmeater

than_10.volume % preferably greater than 15 vol une %
prigefsy %re@tr%g‘?%lﬁgtv L}ﬁneZ(f"vol ume % preferably

gr eat erptAsthePSmb&litieE: tie fRbRcebakliya BlefdbLhydrbiordarbon
vol une % preferably greater than 35 vol une %

prazfigreetbloyoayrlnatase refarblothe B dreduojocpben & iEsept at more than
t | 0 50
vt Sper Sl Bt yo B FLAPLE PR RhRpn uhathe

Prigides fafdrdcatiotdirédent ane facton)| (with the balueledrealy made up by the
greater than 65 volune % |n another, errb?d%tﬂent t he
f | neofleasasent) pseferablyesreater thag 4 veRmfo rroRie ey hrgter than 5

o T

t o apreRpabilyrereafer tiaa 15erohime £ parfrablyagrentettban 20 volume %,
preferably greater than 25 volume %, preferably greater than 30 volume %,
preferably greater than 35 volume %, preferably greater than 40 volume %,
preferably greater than 45 volume %, preferably greater than 50 volume %,
preferably greater than 55volume %, preferably greater than 60 volume %,
preferably greater than 65 volume %.

In yet another embodiment, the fluorinated hydrocarbons of the invention

have a molecular weight (MW) greater than 90 a.m.u., preferably greater than 95
a.m.u, and more preferably greater than 100 a.m.u. In another embodiment, the
fluorinated hydrocarbons of the invention have a MW greater than 120 a.m.u,

preferably greater than 125 a.m.u, even more preferably greater than 130 am.u,



hydr of | uor ocar bon present in the reactor, (wth the
bal ance bei ng made up by the perfl uorocarbon)

we@beowrd y greater than 3 volunme % pref er abl pCYUSADF021652
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than 5 volunme % preferably greater than 7volume %
preferably greater than 10 vohgnme % preferably
greater than 15 volune % preferably greater than 20
vol une % preferably greater than 25 volune %
preferably greater than 30 volume % preferably

or S21 Rbst referably ¥RkateRthato] 4D0aeh 6 &bstill SotiRd @mbbbiient Ghe
vol une % Ereferably greater than 45 volume %

pr B eingied hyfk @@arb@nsmf ahe igpenjion aec @/M\Hr%ﬁaiﬁfdbm 125 am.u,
great.er

v ety b P, U FREDHERbEL ek 8130 g,

anzﬁidlﬁbstqﬁ‘e&ehmje peatet fanflboami. ﬂahe@hdﬂlydil Reﬁibaﬂbl@éiﬁ tﬁé

the invention have a nol ecul ar weig

t hAworgmrted hydyocarbensiod thenyengion hees a %\é{rgr%era‘hm h40 [

e it 621 St B oMt {0, even

| nvieRy preferhitdy @reutdvitigr 208taan. uf htafmﬂ:ﬂ@refembly gipitef thaably
greater_than 125 a. mu, even re fer%fbily greater
t FeaL w3t 2 ebodimantyihelugriapied ksqlrycg ¢ HyRntophave a

200 i ML Shid b AION St STDIUTE L. kb R0 Aot om

ons- o e I nvent i on MW gr €at er
12E009a m.wto 004, mrualnﬁqre gredatigly in ﬂmrraﬂgﬁbfd‘mm 00 ewren to 300

rm r ef er abl ater. than 5 a. m < ~and st
A B dr o A FheTaaEt et s ahant 3G AR 1S about 250
erg)&q; ment, the fluorinated hydr ocar bons of the
i nvention have aMVN greater than 140 a. mu, preferably
g r eat er Int yehmnather embadimenipthe ﬂupeﬂetpébycimgarbmsaf théniaention

b t
e ool et Re i CtFR Pt R0 e

a NpdEaed;dmatiemb&etukd, lp%fbxﬁﬁly%d}y&ﬂér@faﬁbb%ﬁp@ﬁtufé‘l&f about

|nvent|on have a MNWin the range of from90 a.mu tao

10R50Caprefarablpitled eoraisl Yoiling poiat ohthg dueringtedhydrocerhonnig/in the
to 500
a_orrarp%e ?fa ﬁ%leOJ&){o abBﬁte’; {:T,Darglt)% F}Jr gﬁre gbfr%%%o?ﬁ el%p‘gf‘?o]a%gut

ofedC omdaxlaeutpraiafhb@ mm aboutaBo@ to%@uiaSS‘?Cu In b epdbdiment,
anot her enbodi nent, the fluoripated hydr ocar pons  of
t Hbe flaounttedAydracabensrafiie BYFItoRdaye narmal hoilig RoiH geeater

h«fn( ope@ bﬁgferabﬁg glggﬁj tHaf 56"% BULE 488C.O a further

tenperat uf pre y a polynerization tenperature
of enalfa@irhent, the fluorinated hydrocarbons of the invention have normal boiling

point greater than -5°C, preferably greater than -5°C to less than -20°C. In one
embodiment, the fluorinated hydrocarbons of the invention have normal boiling
point greater than 30°C, preferably greater than 30°C to about 60°C.

In another embodiment, the fluorinated hydrocarbons of the invention have
a liquid density @ 20°C (g/cc) greater than 1 g/cc, preferably greater than 1.10,
and most preferably greater than 1.20g/cc. In one embodiment, the fluorinated
hydrocarbons of the invention have a liquid density @ 20°C (g/cc) greater than
1.20 g/cc, preferably greater than 1.25, and most preferably greater than 1.30g/cc.

In one embodiment, the fluorinated hydrocarbons of the invention have a liquid



85C, preferably the normal boiling point of the
fluorinated hydrocarbons is in the range of from-4Q0C

W eooaloans9 7C0C, nore preferably from about - 13EB0ZUS2905/021652
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about 600C, and nost preferably from about -300C to
about 55C. In an enbodi nent, the fluorinated

hydr ocar bons of the invention have normal boiling

poi nt greater than -300C, preferably greater than
-300C to less than - 100C. In a further enbodi nent,

t h@en%itja@iZﬂ%(f églcd) evater dlidnan30 gicc tprefeiabiyegreatenthianv &0, and

nor mal iling point gr er than -50C, preferably
griegst é’rreioeﬁa&ll.yg?f@ rﬁ@“qe‘@g}cﬁhan -200C. hi one
enbodi M{NEne hiSoditbi@T he @E@Hnﬁk@ﬁﬁfr@ééi’@&?s dTfthd MQention have a

i nvention have nor nal l'ing polnt greater than 3Q0C,
prAHéfaqjair;zagmrem mcasutedrbymnd@ammry&@dmlqueﬁ i thtrvege

st FOMEUEE e T B, b hense O p dp0
t hl@]'ﬂkgltogl/e%harpfi@(f RI/RE) laMd @lo8epreferdtiviih the Hhge®dTdrodP 20 k/kg to

preferably greater than 1. 20g/ cc. 1 n one enbodi nent,
thlesa‘thaumﬂpﬁ {/6g. hydrocarbons of the invention have a

pr of er ot SRS e R B o udhofply rine

or @@éftion! dbaiprikeSAH @enbihdtiod e tedbOoREsH the hfwemennoned MW,
fluorinated hydrocarbons of the invention have a

| | rprmabibpiding poigs.2dd & aperieatipngnd dtasid densiy valyes grdignges. Ina
P L RLRB I BHEALE ke 0y B IR BP0 Blobess ofthe

I
er -t han ment
f | iogritivatiege bMV\bgmaﬂeothSn 60 atnne, pmfee:ﬂﬂy greateaieanal ODH.m.u,

Vapori zat.i on as measu & tand cal ori try
t ¥ ifiid PWI&W%W%M@@ hAY wkerprelse me@tef ds¥) F/Rann
3% el profclcAe EJ%}OE indhe HCAEAERA k@AMt Asdalf fidhe

ess an 300 nost prefierably In
r amgeessabf fhrednvyention [thd«ghd;wd Idelmtyt(htal‘()"@@grdathﬂﬁgm ]J H) g/cc,
anot her ref erred :{&)Odl nment , fl.uorinat ed

nyRIF GE 12165 fBaPeA] Fleitbe Biiots TPy sreater than -50°C,
mr@w SRakt tHaMQ3 T %&Qh@ﬁol%%n@ét%qeﬁﬁéﬂaﬁﬁ@ of tM¥\process,

bor'l i ng point, Vaporization, and liqu
dewhmh}s acdligless wﬂﬂCrm@e@ly ass thap r8é‘fCéraméehmmpmf¢m’elnrtless

1B A8 B ePOTORE e Bt 80 G i bg o gRhdicae

PréiRmakidhydrsaiens hivdn id ¢ prodest of ﬂiédn@enklbﬂ lhh(i’e a MW greater
density greater than 1.00 g/cc, prefer ang greater
t Hhen 90 2an.u/reterahly giepteningn ABP 25p-uf @1kl in the

t hr%néel o f%rﬂ 4b§ %_]/Eé’ fjd’lggsatﬁp]? K0 kﬂﬂfg %d bﬂtlélﬂlﬂy a liquid density
greater than 1.00 g/cc, preferably greater than 1.20 g/cc. In yet another

embodiment, the fluorinated hydrocarbons useful in the process of the invention
have a liquid density greater than 1.10 g/cc, preferably greater than 1.20 g/cc, and
a normal boiling point greater than -50°C, preferably greater than -30°C up to the
polymerization temperature of the process, which is as high as 100°C, preferably
less than 85°C, and more preferably less than 75°C, and most preferably less than
60°C, and optionally a AH Vaporization in the range of from 120 kj/kg to less than
250 kj/kg.



process of the invention have a liquid density (at
200C) greater than 1.10 g/cc, preferably greater than

wa:@eoereec, and a normal boiling point greaterPCTES2005/021652
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-5Q0C, preferably greater than -300C up to the

pol yneri zation tenperature of1% he process, which is as
hi gh as 1000C, preferably |less than 850C, and nore
preferably | ess than 75C, and nost preferably |ess

than 600C. I n one enbodi nent, the fluorinated

hydr oc ambgst anetiafambadimérttethp ddoes snadddes lbee brmert flwnminated
have aMW greater than 90 a.mu

.. preferably greater
]E Hsirocaeben(eh alone.gs dn sopRngANHYID QRS BHmPF ip C%Cf?@%jbléﬁ
0 ki C y
TP fentheb® spBRR); PRimpROobpllehle, pRE-aMyMRE Y

greeateisablvapedts 2thglecolatilaliquwt hadocadons fidxathmple, satotated
fl uori nated hydrocagbons ef ul_ i e _process of th

i fodrGeERPns£oBtaIng Gemd taé??sPWr@‘aﬁéP‘% S ¢Rbop aloms: breferred
g/ ! : MIWGSE 58800 B 11
B e S B 2 gl

t hiensitBEDE 56 p/departdermel hoiting peint avebovapescrberd ef -01.76h a-

,. which i ' 1000C,
P iantapgcisommene N dp s ainyh F 000 RhLAIE? gk g gprmat
p%fil?r!igaﬁ’&i)ﬂt SE8589) Nadd p&ithifte, natdtaft) ido@Baink yard dAér saturated Cy

Vaporization in the range of from 120 kj/kg to |ess

t HaiCs2y0rdcarbegs. | I gnstenhodiment, therdBuenindirther eorapdsas gbleast one
[ n&l ud@g ne or nore fluorinated hydrocarbon(s) al one

or“i 1] #ation with one or nore inert condensable

agent ( st MotHeP BEBHGTREt, A luea) mafeXalyMheh htagsithabl e,
preferably inert, condensable agents .include valatile

| itydraflusyaeashan dsovell astthe obwnepfienal copdgpsabledluid, is selected

hyd . - Al ot -
N
S'F}@fe@i@ﬂ ,dfiliugl(itg l‘éﬁ\&l/’lﬁtlé Ma&ﬁolﬁﬁliﬂ;fingth@?qﬂymar. | $01::lli)iﬂty in the

t : " .
aimohemers srepead By Tarmine e polsariG: SRCGBIeaFe betgen 50
ofanazl'dﬁni%fdﬂs,ut’hel?sda{kmg'figifng(ﬁg%w ¥nBiieHo R vEN tRE filrA ' 4 hours

normal "boil1ng poin , heopentane, n-hexane,
i o0 lieeheantatedirat teepesatra ims echlédcdntaiGsioy desselarBeddm is

| GRSOVERBORNT Oresnty RERE (DT O RSPRE OEHBRaRheRTess fid from
di ), 4 e cdBRirald Bikn, A Welbhe@Ntrak Riasd Bistatty/id defihaiodsqr@r bon

as well as the other optional condensable fluid, is
s gleeemizge increase in the film weight after soaking. The diluent is preferably

selected so that the polymer has a mass uptake of less than 4 wt%, preferably less
than 3 wt%, more preferably less than 2 wt%, even more preferably less than 1
wt%, and most preferably less than 0.5 wt%.

In a preferred embodiment, the diluent, preferably the fluorinated
hydrocarbon(s) or mixtures thereof, are selected such that the polymer melting
temperature Tm is reduced (or depressed) by not more than 15°C by the presence
of the condensable fluid. The depression of the polymer melting temperature
ATm is determined by first measuring the melting temperature of a polymer by
differential scanning calorimetry (DSC), and then comparing this to a similar

measurement on a sample of the same polymer that has been soaked with the



based upon its solubility or lack thereof in a
particul ar pol yner being produced. Preferred diluents

whanwe/0h9984 | e to no solubility in the polyner. PCT/US2005/021652
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Solubility in the polymer is nmeasured by form ng the
polymer into a filmof thickngss between 50 and 100

m crons, then soaking it in diluent (enough to cover
the film for 4 hours at the rel evant desired
tenperature in a sealed container or vessel. The film

| Scon@Bmuett fiwienTd faeel | thenkltingxpapadiufoss 86 seaed pdiynten will
evaporate excess fluid fromthe surface of the film

arhet lawieg e thatied theedsy pabymske The differense ¢p Besq pgasurements is

t ' in the fil i i
ek 1B e SRaR der g S ATt ) O o B8 e o
hag @i PR&ScoH Bt B o of RBE1vEN afatetiald HithPpslmentluye 1egs

than 3"™wm % nore preferably less than 2 w% even nore
prdxfpessaioy il the potymean nieltimetempendture §ite. pigkreyalugsyoflAdyr). A

han 0. % | d embodj.nent... the dil .
orentaplagpS farinmind SR Rieraiyhe GROT eSS degresfiop i Plsgrived
t her @0fr, HahfifekR CPaskefuititriaah FolRIRMneNBkteiRI I PHID Thesis,

termperature Tmis reducegméor depressed) bg not nore
t idorwesi® Uyivetsiy of Seiorrsand T echrolegn dareaBQ0, highds

The d [ ft | |t T
! SRt Pyt U Bie A h L0 SRR EgE R cBnliletng
t EB @dsitt &€ Surhadiz@DdryPERE 10y o iiii§ edferehded) The polyntegmelting

calorinetry éDSC), and then conparing this to a.
si teinparatyre as irskmeptureshwith dargalemes apdthen sepeated Withsthe

t hat, _has. be ' i | .
ocnby et e AR e doiERRRRARIS FhPelaliidy, BB described
Wi jinlthéeeféren&r abokayit isimportdnt tdenstire/thpiothy sewond Phaet of the test,
difference in these neasurenents is taken as the
TR 61 (B PERSBRRE T IS fons & ASpicd ERBiRet o that the

t ' i | i |c@Rgp&{mental error. In
o D0 i R B o i SRR icR et el error

d egreasmsb caivaentNthe e np i lyssethaml°0), preferebiydesatthanel (°C, preferably
hi gher val ues of DIm. A suitable gSC t echnilgui f %r&a o
deliess thimm Bg move Prepieblydessdhan 6 Ge grd mgstprefesabx Less fgnd C-
by, P.V. k- " il i.bria, ke~ P
e
angbCT a5 ptederiblyVess elinZ000 evenhhofe preferabtyolegwothat 82C, and most
herein by reference. (A preferred set of conditions

f oprefeeaidyibass Hgntlfe- tests are summarized on Page 112 of
this T ehehoREe ehbddifcROMRioriRldd MArd BRI ALt ibthe
first neéasured wt gry pol ynmer, and then repeated

Wi diluebh&t greater than 5 wt %, based on the total weight of the diluent. Preferably

the fluorinated hydrocarbon is present in the diluent at greater than 7 wt %, more
preferably greater than 10 wt %, and most preferably greater than 15 wt %, based
on the total weight of the diluent. In another embodiment, the fluorinated
hydrocarbon is present in the diluent at not greater than 90 wt %, based on the
total weight of the diluent. Preferably the fluorinated hydrocarbon is present in
the diluent at not greater than 80 wt %, more preferably not greater than 70 wt %,
still more preferably not greater than 60 wt %, and most preferably not greater

than 50 wt %, based on the total weight of the diluent. In yet another



pol ymer imrersed in liquid (the condensable fluid to
be evaluated). As described in the reference above, it

WO 200600044 ant to ensure that the second part 0PCT/082005/021652
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test, conducted in the presence of the liquid, is done
in a sealed container so thatjghe liquid is not

flashed during the test, which could introduce
experimental error. In one enbodinment, the DTmis |ess
than 12C, preferably |l ess than 10C, preferably |ess

t hab&BEmeD e i itcdtyrdcamdn inte diGentds dotrmsdrfluorinated Cy
preferably |less than 4C. I n another enbodi nent, the
metsUnatkaBFm i s | ess than 5C, preferably |ess t han 4C,
nore preferably Iess than 3C, even nore preferably

| eHE t h@hloi mng fH ydra ably | ess than 1C. In

anot her enbodlnent the fluorinated hydrocarbon is
present ThdﬂHIFh?edlﬁiehumatenaI usgd &athe polyhsmizationt piicess @f dds

on the total ht of the diluent. Preferabl t he

f | Wy ptiny @@twt%eaq B® AhlPEng,FadEppS hydiogarogn |ca@ﬁ9w%9§ that

gr\?@ﬁlﬁ gggﬁla?ly%hl ft o {(@C%ﬁ@%ﬁé@%t%g%‘i@&fcﬁ{m a%rgsence

nost “prefera 15 wt
onoft dven kmiaHllewsds gffariofis thierik dammi]ming bumammds @Rn cause a

dinment, the fluorinate dro
C hvaia A e iehonde belviar Bredptiived Bercigre, e 20T Gient o
t %9!61’1%&3 khoflabbers %ﬂrHﬁx’iﬁte orprefQedithyd f)l!ﬁﬁy when used in the
fluorinated hydrocarbon is present in the diluent at
n opolgmerazaéxonmnmess@r attleds) bmdechroefaémbﬁ:@/dumlg the process to a

ref.erabl not r eater than

ol gt Han b sBisensial PR Bh FORARF podlftor®l Fan 5o ve o6
based ogafifie dhddritle doRtadihg BYdrbe@beisIHACE Hiffdréht ¥€fects on various
anot her enbodi ment, the fluorinated h drocarbon in the

di ¢atpémts i Iéormztam@lqa@m plal@nn%wé@m@a ydrocayor maydiave plgsser

tgerc 0190 o lergtl tﬁ%ﬂe E%ngeqq €.0 ?tayr%{e KES %r&iihgg(f Q%Jﬁelf%rred

use r za process
i néfﬁlﬁﬁduﬁ@nﬂﬁﬁhﬁve’iﬁlom thé ﬂ@/eI 6f ang spéuific clilerinoedraiiningg
hydr ocar bon corrpoun S woul d substantially inhjbit

or COERpYEEe Shep Qﬁetrlpez%ﬂlmélﬁ ai)vooselammwlwe UFR QOB PFRANCHYILY
e"a‘%‘&/o%’l@k&bs'teﬁl‘ﬁ% gnﬁ]}ea\ééfelb &fl‘n‘ng“ ne containing
npounds stantial reduction in polymer
p r od u ctIm\Unta}embBld&nm‘t of éhe ihventibiGhel polyeretizatidreprioedss iss@died

oo i Bl PEL ORI LA o, PLEEL S el Ut L MAER

r eduig 860 9/o/RISAERES o MM IS g 8ind BEHANMEEHSdhRdder gram of catalyst
used in the process per hour of polymerization time. Preferably, the
polymerization process is carried out at a productivity of at least 500 g/g/hr, more
preferably at least 600 g/g/hr, still more preferably at least 700 g/g/hr, and most
preferably at least 800 g/g/hr.

In another embodiment of the invention, the polymerization process is
carried out with low or no reactor fouling. In one embodiment, the
polymerization process is carried out at a reactor fouling of not greater than 5
wt%. The weight percent fouling is determined by scraping or otherwise
removing all polymer foulant from the walls of the reactor, and dividing this
weight by the total weight of polymer in the reactor (normal polymer plus the

foulant material). Preferably, the polymerization process is carried out at a reactor
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productivity. Various chlorine containing hydrocarbons
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exanpl e, one chl orine containing hydrocarbon may have
a | esser effect on one catal yit than another type of
catal yst. According to a preferred enbodi nent this

i nvention, the level of any specific chlorine
cont ai ni ng conmpound should not be so high as to

s ybslign df adtl greatadhiand wokoymore prefecably hoti gryatamttidod wiih, still
substantjally increase reactor foulin one

e FBOGIDFEITablY netgreater than 4 ko, %ﬁ%&;ﬁ’%@#%&qt ffater than 1
proeess is carried out at a | ow | evel of chlorine

cont'di ni ng hydrocarbon and at a productivity of at
| east 40k ghgirdtiof chibenecaptaning hiydrogadios isofrefeodblyrdetermined

B U RS
%ﬁgf s 2Rk 'eQ;ﬁ-?}l% otﬁ? & /MSTF AHalyshit a8 We cBfried out usm%a HP6890
pr oddct at

Ivity o east 500 dg/g/hr, nore prefer
atGCAESD C(i‘@ng'h@htﬁe,wcst Adcondm&tommfemb@diwenabf theasvention,
referam

U NN SR A b T
P AR PeZ AilloR drsqpAnS). ITheGPhrid i8 theditba wuﬁ@of Y Sereak

reactor fouling. I'n one enbodi nment, theip yneri zat'i on
prreletive ta the defpl areaifop that analysis. cBertexpmplsyi arfingi¢ perkt

g?@rtp%qﬁggﬂ‘w %gl‘g‘pg:&d ﬁ‘ggas%s%ﬁ)ealpgr e55Fh 0l oM J)ftﬂgmtgl GC/MSD

or otnerw se rermv

PQleXRFealforih patticlilaOmalyRB, Weh kise @hcédiatioR B€ tHak corpshind would
dividing this weight by the total weight of polyner in

t fhe L08apmas: (nornal pol ymer plus the foul ant
mat eri aj)yne e oSt ¥ lo @cpﬁ)tlaﬁﬁﬁg h)ﬁcﬂ{néﬁﬁbxﬂrap&%ﬁ)gle&gom a

carri ed ou a’ Tedc I ng greater

Wi tu¥® béntpﬁﬁfﬁ@lﬁyalbd)ﬂuormarlgmeawdmb ay8roschion ptadukt
nor e refaam¥ greater, t 2vw% amiF%
pCER@HERE 10 FBE n@rCOflﬁ%gﬁm 9gar gve the

¢ I?lleglfécf] e}%%@t@l’lﬁih&ghrﬁﬂ dfPLRAIRR Rnbd aRh&H: & Afdre )(/:?ntalnmg

det’erm ned using appropriate gas chronatography/ nass
s élydaifluosodeioncind on¢ GOnbBIh] e gcmltamngdxydmnabpﬂm,s ntiked

GC/.NsD | ysis can be carried out
e@lﬁ“@bﬁ%?ﬁé%ﬁm & 26 o6 ke Soly Bt Atghe gilgries Somaining
bR br &m dls&ﬁdé ¥@B8drBeH sd AxencR w@wmtaﬁﬁalghwabmlymer
con i ning hydrocarbon present is determnne
baséductivity. For example, chromium oxide type catalysts can be used as chlorine
compound adsorbent as well as polymer catalyst. '
In one embodiment the, chlorine containing hydrocarbon compounds that
are referred to in this invention are represented by the formula:
CL.FyC.Hy
wherein a is an integer of from 1 to 14, b is an integer of from 1 to 13, ¢ is
an integer of from 1 to 6, and d is an integer of from 0 to 13. In a more particular
embodiment, a is an integer of from 1 to 8, b is an integer of from 0 to 7, cis 2 or

3, and d is an integer of from 0 to 7. More particularly, a is an integer of from 1 to

5, b is an integer of from 0 to 6, ¢ is 2 or 3, and d is an integer of from 1 to 7.



of part per mllion area (ppma). The ppma is the area
val ue of any given peak relative to the total area for
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representing one conpound nmeasures a peak area of
0.01% of the total GC/ MSD pealg area for a particul ar
anal ysis, then the concentration of that conpound
woul d be 100 ppma. In one enbodi ment, chlorine
cont ai ni ng hydrocarbons are renoved froma m xture
cont ai Mixegnpiygrohidrine contamigyhydooqartmiuenppuhdsinciude bon
product contajning ng sin Ie hIor|Fe conta&g&ng

h)ﬁhl@@@ﬁ%ﬁe %@9}1@&&66 qrﬂ i B %THtGB]aCh
(rgﬁfoe&ﬁﬁ@oﬂﬁﬂlgh Yorodiflu o, AEReEARR metRaril; Xt Ur e

ni n uorocar bon and one or nore chlorine
c QHIoabﬂﬁifh@rdmethmea ﬂbmmdhéornmxﬂeﬂnwchbr@thaleal B\ shchloro ethane;

d I hl
o -SienTatqe B Suhlbronl- DR aEs | APl Gt 1.1
n%cﬂl?ro%ﬁﬁﬁteam b%kﬂ‘loﬁié’é&?ﬁé 1pahmer IMEﬂlﬂﬁ‘Géthéﬁet Y- ﬂdc:)%-l 1-

‘orfi 'um oxi ype cat al StS can be used
cmh@ﬂ¢metmuﬁedﬂokoau2<d:ﬂ1moethwev®4ﬂuoas1,@cﬁhglﬂ@lioethane X

|
b de ORI LR b arpE Pt TP g lotdethane;
' HVP@,tz @ Srob @RS 2N S 6- 1by11tﬁﬁu61@étﬂmﬁ@2 ﬂﬁanthHd

érein ais an |nteger of from1l to 14, b is

i mneigeroedfanf:,rbiﬁdlchﬂqm £ -digluozoesiieneint,dglighlesp- 153 é}ﬂuprqeéhane

D 5’!‘?‘?@1& rgF Shr%%r%{&’a O]corlofg{h%ﬁél rl]lﬁogaétﬁylg é} f1 -H}Egﬂﬁ)troeﬂéylene,

b 1i £28AchIBiRESere] 1 leOZIte&ablﬂor%ctHyldn% Rchlor®1,2md d is
an’i'nteger of fromo t Mor e partlcularly,éélls an

i rmﬁgerloth)flelfes éﬂrcmChlerosZ Zﬁlﬂlsoraﬁhﬂ%{l%gle%’dl&hlom 0to

f
o diudrpety Bhe - oPPiopforlle liB BB & fillododrBoane: 1
i RBidreiutehd; Or @b, 1ehh¢drbmmaﬂ1ytmqmnepmcmom-af m
car bon tetrachlorlde chl or fluorongégﬁﬂg; . Ichloro-2
c neshyarananesoellponentans; § PEFIL% pentane; 1chloro-2-
L r i L8 -chloro-
i EhPfidnd! 9 HRb BB bURKE DL RLT AFLIBIANe, | <l
1 Zgilklﬁﬁahylpfdpane,qx-:tﬂhmnepropylwhlwrda Q@rﬂhomlsoptdpahehlonde and
- trichloroethane; 1,1,2-trichl oroethane;
I ﬂé‘hll]é‘?o [ ,l1-difluoroethane; |-fluoro-1, 1-
di chl Of%%fnﬁﬁ ’allky&ﬁlcﬁfcﬁ’m'e ,canﬁhﬁlhgmydwémonipd‘uha@frmude

1, 2-di chl oroet hane; 2-
chlorocyclopropane hexachlorocyclopentadlene pentachlorocyclopropane;

chlorocyclobutane; chlorocyclopentane; chlorocyclohexane; 1,1-
dichlorocyclobutane; 1,1-dichlorocyclopentane; 1,1-dichlorocyclohexane; cis-1,2-
dichlorocyclobutane; cis-1,2-dichlorocyclopentane; cis-1,2-dichlorocyclohexane;
trans-1,2-dichlorocyclobutane; trans-1,2-dichlorocyclopentane, trans-1,2-
dichlorocyclohexane; alpha-1,2,3,4,5,6-hexachlorocyclohexane;
tetrachlorocyclopropene and the like.

Exemplary aromatic chlorine cdntaining hydrocarbon compounds include
chlorobenzene; 1,2-dichlorobenzene; 1,3-dichlorobenzene; 1,4-dichlorobenzene;
1-chloro-2-fluorobenzene; 1-chloro-3-fluorobenzene; 1-chloro-4-fluorobenzene;

1,2,3-trichlorobenzene; 1,2,4-trichlorobenzene; 1,2,3,4-tetrachlorobenzene;



chloro- 1,1-difluoroethane; 2-fluoro-
1, 1-di chl oroet hane; 1,1,1 ,2-tetrachl oroet hane;
wa 200689P44 et r achl or oet hane; 2-chloro- 1,1,1 PCT/US2005/021652
-trifluoroethane; 2-fluoro-I ,1,1- trichloroethane;
| ,1-dichloro-2,2-difl uoroet hame;
| ,2-dichloro-I|,2-di fl uoroethane; hexachl or oet hane;
chl or opent af | uor oet hane; chl or oet hyl ene;
1, 1-di chl oroet hyl ene; 1,1,2-trichl oroethyl ene;
1,123, Sztaﬁélﬂatﬁbbmzrene;tﬂ%yﬁaehbrobbnzdnb,dremac}ﬂombaazene benzyl

trlfluorothylene di chl or o- 2, .2- di.f | yor.oet hyl ene
1,@1@1@ a@h@,alpilazhch&?rpml&nsebwwél orige; s ?@b‘ﬁaﬁ}fn%
R R A R e

meg. BbeUb@nﬂﬁehlohdem -ohlopbehzyt ehlofde Hi-Bunapbenzahehloride; 4-
3-chl or opent ane; | oro-2- methyl-butane; |-chloro-3

5 - r@lﬂﬂybe%lﬂﬁ@’ldeza’& YhSrI’g(eZ met hyl - but ane; 1-chl oro-
2, 2-di ng AR QBRI g 1k QUi d
perfl uor ol é‘gg‘?ggm%“h orc%délﬁ)lgngﬁ % I'ke. Exen(ﬁrrc}al)ro;/ln S
al dreye Im@?re cbinpmmth seleoted ifroimtpe Igy(mpm@ambtmg efonpounds

q&l de 0 a hexachl or | opent adi ene,

:o t;u FFP &t%ﬁ}ﬁv gg@g’@mro&h OSQ%BWF %ﬁ?éﬁeéraﬁuoropropene

d h%f GYRlPRRBhEREL, lfd'élﬂél@@@dﬁliﬁi‘(%ﬂl%ne1an11'pentaﬂuoro 2-
i chl or oc

ycl obut ane’ dlchlorocyclopentane
H)1,dﬂdbphtmn@cyclohexane cis-1,2- dichlorocycl obut ane;

cis-1, gﬁih chl C|() entane.. .. . .
cis-l. mn‘g%pggé 8 ol ehtzarltlaorl]l rocess is carried out to form a

1, &1ﬁh&mrlchrrﬁ§d&4e@1@%&|ﬁ9nsdsra&fa€aiyst system, at least one monomer and
1,2-di chl orocycl opent ane, trans-

1, 2-
d| }mﬂmﬂwg«zﬂrm geghethat no single chlorine containing hydrocarbon

ha 1 élllso %t yac oggerdg%)éﬁlg Bg g{gg%%ﬂaa qgéﬁﬂﬁx Preferab )7 no single

15 ar éli]&iﬂdico@ll?dlmhg hedosrbaen bompounylds mdmoentmmpmf rgdsiter than
i ncl ude chl orobenzene; 1, 2-dichl or obenzene; h
1, 30 phmah [1aeTs HEsERY: gfiatﬂr B A BPYh g &pest pieferably greater than

: j %ﬁpﬁ{l%_ ’gﬁ% AT PRENEER 8o ngllglcﬁfo?lng’ cSﬁtHfﬁ'ir%b@?ﬁIﬁﬁﬁd” means

uor obenzene; 3-trichl orobenzene;
1, Bathnd dihglblone Of)m},zmha‘me]goﬁta’ﬁnng hgdrpaa;’hd)roﬂ@méh]z@pg@,sent in the

heg@géﬁf AR ggg;gg& iok Stingany Ry SRER e of the chiorine
20 11‘%1? 'B?dl%'c%bﬁ’g REQLMRAS tlféqﬂﬁﬁﬁlﬁ LM, O A ispecifically
oro uene; 3- chl orotol uene; 4-chl orotol uene;

2 mhhmMﬁMﬂmayl chl oride; 2-chlorobenzyl fluoride;
Lo BB S SR PSR b PO s
t hgr thiskBvention is sufficiently high when the mixture in which the polymer is
produced contains no single chlorine containing hydrocarbon compound at a
75  volume concentration greater than 40 ppmv. Preferably, the mixture in which the
polymer is produced contains no single chlorine containing hydrocarbon
compound at a volume concentration greater than 20 ppmv, more preferably no
greater than 10 ppmv, still more preferably no greater than 5 ppmv, and most
preferably no greater than 2 ppmv.
30 In another embodiment of the invention, the diluent contains a total

amount of chlorine containing hydrocarbons of not greater than 200 ppma.



Particularly problematic chlorine containing
hydr ocar bon conpounds are one or nore conpounds
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trichl orof | uor onet hane, hexaf | uor ochl or opr opane,

chl orotetrafl uoropropene, chlpgotrifl uoropropene,

I ,1-dichloro-2,2-difluoroethene, and pentafl uoro- 2-
chl oropropene. I n one enbodi ment, the polynerization
process is carried out to forma polynmer in a mxture
t hRief@ably; theakluentcahiaingsittowy amemt ofthlosas comainingonomer

d hydr of | b t hat I
22%%#1‘%%“@ b BRSO 28 d 3D B TErAT e D e Lo
£l anldAgkt FhQ:fé} noPERhEF #h ¥0 ppRasi N9l e

ch} e contain rocarbon conpound is at a

cow;ent at i on Y1965 En 51591 o) nore preferably
great erkgh%n-—f?—ppwa—a'n'é—r I y gr eater than
20 d )

cont o1 nFRG BB b LR REINL e AeP R af Bl g in

chizeti dagnoRitons B AfbshlY Of HFarhahisdhailchrbecsiise TRRHEM
the diluent used according to this invention,

P@mﬁn‘@f@‘:@ﬂng peaeysssitagensralivecapied o by AePRcllornatama gf a
b t
HAER AT hELERAEERt Sl of HaR b PP, Bull procescs

el n. n an alterna

e mdjdmﬂﬁed ROl e dnvple usig HRer plkhly fRtdl ZabHdarpciees s
of this invention is sufficiently gh when the
m mpepsecs. nLgHieat is et shioyine Foritémmg&&’ulbr@éucé%?ﬁ“d?ﬂéﬁﬁ%the
ﬁg %5‘[ ;Qrine containing hydrocarbon conpound at a
urre concentration greater than 40 ppnv. Preferably,
the m xAucc&ding wvthm:inve]htmmuhypmfened tbertaﬂumahbstanihailyﬁl of

no_single chlorine containin C o ound. at

e e G ST G o OB BT CHgptions that

pr:ﬁ'{a % Q%ilé’edrh@ adfiR@hiGh pb rix Qi AP MeticH Oﬂrbées%%r An process

preferably no meMert an 5 ppnv, mmtpreera y

n ocagalelatoef rerhéneng thehiorine Icnntanmngmmlmmd @r pempowfdstidthe
ent nt contains a total anopunt of

eéFF QIEGE%}S?WPF\‘S NG FPBLE%hs of not greater than

2 00 pprppdHetabapoYitiohdBatianuiRteatcdniadrimgao kit lvention can
amount of chlorine containing hydrocarbons of not

gresateiseatsignifiGot ppawnt ofghleripe epriabighydsrcagoapogpounds. In

Lgﬁ% . dllolgm% thzélT—ﬂ?(ngoSIlt’xpcPs{t?on% %Qlt%a{ég m%{aggés to{ali] %]101?19[ of

chlorine containing hydrocarbons of 50,000 ppm or less, by mass. Preferably,
HFC compositions to be treated are pretreated as by distillation and submitted to
further processing to lower the amount of chlorine containing hydrocarbons. Such
HFC compositions preferably contain a total amount of chlorine containing
hydrocarbons of not greater than 5,000 ppm, more preferably not greater than
1,000 ppm, and most preferably not greater than 500 ppm, by mass. Generally the
HFC composition to be treated is distilled, and the distilled portion is further
treated. In a preferred embodiment, the HFC composition is distilled and the
distilled fraction comprises a total amount of chlorine containing hydrocarbons of
from 1 to 50,000 ppm by mass, or from 5 to 25,000 ppm by mass, or from 10 to
10,000 ppm by mass.



rv. Renoval of Chlorine Containing Hydrocarbons The
chl orine containing hydrocarbon conpounds are
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manuf act uri ng processes. The HFC manufacturing process
are generally carried out by i9epl aci ng chl ori ne atons

of a chlorine containing hydrocarbon with one or nore

fluorine atons. Such processes can be carried out, for
exanpl e, using HF or alkali nmetal fluoride reaction

pr oces sigsone Eebord sk, tthé ehlotiad capitdining hydwoarban nompound or

by-products can be_left in the HFC mat.er| . Accor di ng
t sonmPYnAn s fepasicd peing SXURCHY T o RRiS dﬁiﬂhaﬂ n this

subsia lr}gbﬁtlb hgthl Veglfo]p%‘én ﬁﬂkﬁ?ﬁ'é Eont4Am %%é"éﬂi‘&me containing

conpou romthe HFC conpositions that
angdiceatisnusatoasd & distilled nsingra yoddtiire mcrasing exrasati bor
processe Any péoce S casabl e o0 '

f t . .
CIaPivo DUGHE G PHEoL SH P Go8Hp SFaT FEDpgent s more
d%%h@?&e@de@&ﬂ%ﬁtlﬁﬁrﬂ Patlnt R¥ES, 3¢RRODE SR m&ﬁ‘f‘ogiﬁig@herein

sitifons that can be treated according to
[ rb\yerefelrmcecan conprise a significant anmount of

chl orine co t ai nj ng hydrocar bon cor oun
ebodi B hen B eI OH oPOLABaE Paipiaioot Compound or
CQ; bafds ﬁets@ﬁﬁéte&ﬁgiﬁ@ﬁle&i pEi D hiidee, cmreaamy e

carbons of 50,000 ppmor |ess, by nas

Pmﬂmthmrgcarquc@rrp ggntamgsth@ ehlpene fz@ﬁm@@lg&Yérocarbon

retreat b r

Br°8 QEP&QS ?o&ta}c}é%vylﬁ}% Qrﬂ%a%g% a%‘%ﬁlor i %e&j g%ﬁ %#ngﬁgéous
h e Bk 2gRed s sovests clirbe ﬁ@ﬁﬁ@ﬂidpr@tESs pTRE peratahyarmaaisai n
a total ‘amount of chlorine containi ng hydrocar bogs of

norefgrably ap alkplhmetl goak e cafbractphRerBpRgngenmd

reater ot
PR e bHE o P R PERAFAC R St and

C QERRsiutd peintangdiates negirefdred. Mt pteferdblyapatadstven

distilled ortlon is further tre ted, hi re
eI -t e BE O s perRaB Sl dagent is
8¢ HBbilia fth
CHTHS RS bhoh sSamriaRS arR 0l MU BE i
pmﬁxmte,nfﬂs sxanple froon (BCtt©4Q‘E 0D fppenobireatmsst with adyeons

e PR AR SRy o AP BB CUHRO B bPet SR o s

ar@tnlﬁfe?g{; ,92 ﬁrﬂnﬂﬁéé ﬂﬁ PR AC LS rRdthETané okt Completely
described in U.S. Patent No 4,129,603, which is incorporated herein by reference.

Removal of the chlorine containing hydrocarbon compound or compounds

can also be carried out using chromium oxide or basic chromium fluoride. The
hydrofluorocarbon mixture containing the chlorine containing hydrocarbon
compound is preferably passed into a reactor containing the chromium oxide or
chromium fluoride. The reactor is generally operated at a temperature of from
100°C to 275°C, preferably from 125°C to 250°C. Contact times are generally in
the range of from 2 to 20 seconds, preferably from 3 to 15 seconds. Atmospheric
or superatmospheric pressures can be used. Such methods are greater detailed, for

example, in U.S. Patent No. 4,158,675, the descriptions of which are incorporated

herein by reference.



enbodi nent, the hydrofl uorocarbon m xture contai ning
the chl orine containing hydrocarbon conpound is
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For exanpl e, butane can be used as such an extractant.
Such an enbodi ment is nore colpl etely. described in

U.S. Patent No. 3,819,493, which is incorporated

herein by reference. In another enbodi nent, the

chl ori ne contai ni ng hydrocarbon conpound or conpounds
ar e sephr wirus psifergedantaddipentsiheyehiatiee coptahiog aylpcathens

e BRSSO oot

et RS RSB Bichide ActivAdd GrRd ko REWIBPSISVAR! Preferred
non- aqueous solvents can be used in the process. The

p enoieoglan sieeesi isclpdefailitds) metatloaliinatesapd alungnoplogpliatese The

eart tal per ate nd. t he per manganat e

S GPBPIAT DSVEHECT TBF VeRERH PaYE A VSRAPT RO e fiorbpbont 3
Sadilumnabgom@t assi um per nanganates are preferred. Mre
preferably, potassium permanganate is used in the )
aqueoushpinesmbodimenthe pdronkeany tragtivated exberehavinga particle size

f bl ied t rat L .
P e abiedt Frirsgtivne Por el e RAR el s Aol pbon i
1@P¢m 16004100 @meshNBotd prefetdbly frémt I0B130whdsh. aqueous

per manganate can vary as desired. Treatnment tipes in
t he rangeonsferthodimentthp adsosband isgomplepylpredevs aving an average

f [ C L]
It epéilng o FSIBbIC R R Fo BRARLALCINCARRCHY e
hefvetage pyre @fenimgrasges Reom grdatep thahVeangbtrams toed angstroms or
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belreraereatel thilt 7 ARISHEMER? 8APETHOS de or basi ¢ chromi um

fluori de.nblier Bﬁﬁﬂ&%{heﬂp &Ms@fgenm X hIEcukR R R e Matitlg bhRe

chl orine contail ni ng hydrocarbon conpound is preferably
pas/seeipotasize ofthatgstroms i G angstrgnish én partiontay hoadsdebent can
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from 1258fr &gl zc60RS afat cdd BEBkehs adiRRINE th¥lulldzeolite-
the,range of from2 to 20 seconds, preferably from3

t hetbarsiorrolitisY . Amymd|threzdobites used seancadserbpiieacterding to this

ressuyres can.be used. ,Such t heds.are .qr
Genusion caf OF It apriEed; friamiies BRRRnAon MG, Rlgrogen,
t Rtlened, isedivanmdekicthch are incorporat ed

The adsorbent is preferably in particulate form, and more particularly in

the form of pellets. Preferably, the adsorbent has a surface area of from 300 to
900 m*/g.

The adsorbent is also preferably pre-treated prior to use by heating in a dry
gas stream, such as with dry air or nitrogen. Typical temperatures for the pre-
treatment are from 100°C to 400°C.

Adsorption of the chlorine containing hydrocarbons can be carried out in
any type of system capable of producing the desired hydrofluorocarbon product.
For example, the absorption process can be carried out in one or more stationary

packed beds, counter current moving beds, fluidized beds or any combination

thereof.



herein by reference.ln various preferred enbodi nents,
the chl orine containing hydrocarbons can be reduced or

WO e0voed4usi ng one or nore adsorbents. Non-|i nPCT/IER005/021652

exanpl es of suitable adsorbents include activated
carbon, and nol ecul ar sieves.21Preferred nol ecul ar

si eves include zeolites, netalloal um nates and

al um nophosphat es. The nol ecul ar sieves useful in the

i nventi on have an average pore size of fromabout 3 to
15 angsAdsorptior candreeasidsiouit irethe liqhidephastswrtbe ges phase. In a

activat ed carbon hﬁ 13 ﬁ art cle si.ze frorﬂ about
{ roEgenaotmatdra B THIopPe) Grisitng SIS Coriaining
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openi ng_aof .from ab tro 0, angst r ons

APt or norirbie PRt i R 3or Sl FEnRRHELERAT fam about
ar.8@dceto é@a@ SuftKI6 bfRéired AnSe ARATHEAN® 18 th30000 kPa.
greater than 7 angstroms to 8 angstrons. |n anot her

enmbodi rigeltowing edsmsrsmbémadsqrbalt nopreterabdy reﬂe@v@teﬁwd m@sed

o RSSO PR ol o
”QJo%ﬁ}éluﬁﬂs %Ql\é%rb&ﬁifrémqué stbbbeﬁﬁ abésbeption e thedeapduatis held
sieves. Ot her exanples of zeolites that can be used as

adwdhb edsasbént ehny beachéryler byiagintaining the adsorieeny in plage, oF

the zeolites,u
 TeehTRa eSS B ARl OhoRiR st b it oo
gﬁ&féﬂed ey Boo@emN:, thoidsstientts 160 placea rmefeaibw alpurgtneaterial
orbent is prefera Ly in partlculat form an

pa# ppedupalepgrbithe adserbed matetal pExaples ofpurge migkripls lpﬁlége

a surface area of from 300 to 900 n2/g.
Thegé%glgé%ent’ is also preferably pre-treated prior to

use by Ineabihegembodimanty tipashlaineeamaisughydiscarbots ate yeduced

alr or nitrogen eratures for the . .
pl@tre@avmlggawgctf%diﬁt%e & Tosceth ccacie dishliption igwotves
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In any type of systém capabl e of produci ng t
d elstilkng bifdydfofiworaserobpnodnct dieactive distillation can be performed

with or without a catalyst, although the use if a catalyst is preferred. Examples of
suitable catalysts include, but are not limited to, BF3, SnCly, a bifluoride catalyst,
chromium oxide, and the like. Examples of a bifluoride catalyst include sodium
fluoride, cesium fluoride, and ammonium fluoride. Alternatively, the catalyst can
be made in situ by reacting a Lewis base with HF, for example, the reaction of
amines with HF. Greater details of reaction distillation processes are disclosed in
WO 96/40406, the descriptions of which are incorporated herein by reference.

In yet another embodiment, the chlorine containing hydrocarbons are
reduced or removed using one or more decomposing agents. An example of a
decomposing agent is iron oxide. Preferably the decomposing agent comprises
iron oxide and an alkaline earth metal. In a preferred embodiment, the is a ferric
oxide, more preferably a gamma-iron hydroxide oxide and/or a gamma-ferric

oxide. Preferred as an alkaline earth metal is at least one compound selected from
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t her eof . Adsorption can be carried out in the liquid
phase or the gas phase. In alyeferred enbodi nent, the’
hydr of | uor ocarbon contai ning the chl orine containing
hydrocarbon is pre-treated, for exanple, by
distillation or extractive distillation, and then

Cc ot gedigrconisisting b@oxdisplnyizoridesSuidtcationates ofyay dkalmesarth
sui table for adsorption techni gues range from about

- 2odlel phmagRRTEM, Sg ct"é‘blsg%ﬁ“gggﬁg%mange from about 10

kPa to g, %Oentfﬁoo"i‘ﬁmgxﬁ,l thO W S RAR R AR bR ntallR G4l S 97 18206 by

Is prefer y regenerated and reused. Such process is
ganaysadflan iref @didethdasont 68%rtp s Ynby siassoxf antakadide cxtioametal
compound or ¢ unds are desor.bed from the .adsorbent.
SR RS RO S LG Ty (IR Sp AR Ahe

C1R6pOYR ag%hé?g\if%%ﬁl?ﬂ% gggrﬁﬂ\ﬁalaféﬁﬁ! Qﬁﬂhoﬂe@)réfel%ﬁgn cofprises

renovi ng tne desor bi ng the conpounds at
a irenwtide powder e an hveraggpactide sied of iPduiicrers or lessand alkaline
adsorbent.is left .in place. Prefer a. pur
Facte) poe oving a e i e prRtUELBPI00 PR BF 1gss. More
Eﬁﬁ@ﬁhﬁﬁy,‘%ﬁe prsnaR HARLEaVege paned]e dige Bf 0.50g¢0nand air.
I n anot her enbodi nent, the chlorine containin
%fgliqrv@rbon

hyldecvoapdsion iapreferahiy cawied out kermbertingithghyds

distil.lation_.hi .qge . ' Lt 1]l Ak i .
ool el S SRR fRling hF@6b kS b e BLbMBbging agcnyata
S Ubgibbiatiire @A 23¢7C te 38090 | Additionts ldytails 8f ddchipgsitibfi agents and
hydr of | uor ocar bon_ product . Reacgive distillation C?E .
beprpesspes are getvipith il QR ASAS Tawinch Aefpdls areineqrpergiedihseein by
use.l catal yst is preferred. Exanples of suitable

i ‘.I,nc%. . T
cgfaaqrysts i nclude, but are not limted to, BF3, Snd 4,

a bifl ugrti }djetga;[ al yst, chrom um oxide, and the Iike.
| exZgfs uori de catal yst include sodium
fluoride, cesjumfluoride, and anmmoni um fl uori de.
EriglpiComprmg

Alder nd OPR¥MCEt al yst can be made in situ by
reacting a Lewis base with HF,_ for exanpl

react i ohhofatallist fugemRivee arhe pylymearatsy P%és %’B?typicany
SO L PLREBEFT O o SELORE bl
hesupport myateredearenme or hory et-catalystse The whmgomests of thheatalyst
¢ hslygtreninne?re %ﬁgsteg itcr>] lbg gaplgt\;l%ro?’%%{n%%rt]ﬁizgé Ih the polymerization process
selected. For example, polymerization may be conducted in a slurry and/or in a
solution where the slurry and solution are used separately or combined and
introduced into a polymerization reactor. The catalyst compounds which may be
utilized in the catalyst systems of the invention for such polymerizations include:
bulky ligand metallocene compounds; transition metal catalysts (e.g., Ziegler
Natta, Phillips); Group 15 containing metal compounds; phenoxide catalyst
compounds; and additionally discovered catalyst compounds. The catalysts, co-
catalysts and activator compounds can include the support materials. As used

herein, the new notation numbering scheme for the Periodic Table Groups are

used as set out in Chemical And Engineering News, 63(5), 27 (1985).
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agents. An exanple of a deconposing agent is iron
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enbodi nent, the is a ferric ggide, nore preferably a
gamma- i ron. hydroxi de oxi de and/or a gamma-ferric

oxide. Preferred as an alkaline earth netal is at

| east one conpound sel ected fronthe group consisting

of oxi dasomb\eeibodintkess, aodeeal i dnpefesredftha theadakadldt wgstem not

earth netal S of magnesium calcjium strontiumor,_ .
b&PRnFSe fiFnbme taisddente PertiqurEly it Bifsesn tigptiegfTiCls and

c i . 0 . . i i . d
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C pefiionctarbas € stinatiohe whietd the camBbst wititadiemitepachldride,
deconposj ng agent. . The. deconposi ng agent. preferably is
i Ragicylasivahe Fom aﬁﬁﬂoﬁgﬁﬁ4%F@gﬁTgﬁmydﬁﬁthﬁb%% iron
oXi: ] . 0

e N S Rt SR L
armboedirags, thachtalyseis nof a fréOradical onGator, shadss.a droxdde.
preferably, the granule has an average particle size
of 0.5 to 10 mm Deconposition is preferably carried

out by Budky idand dldthiochyedr of | uor ocar bon cont ai ni ng t he
chl orine containi ng hydrocarbons with the deconposi ng

agent athefcatByep €6lﬁb¢bitﬁin@fus€c5m&yﬂ1§3&@ﬁé indeleticni iainclude

details of deconposition agents and processes are set
f one pr mere\iby ligemhmetallopaneisompenndsyalsp acfered iplerein ag

Egﬁn%‘giﬂbc éeé}ﬁg‘%@@g@}gﬁl bthethocPHs baitbdmaSatAbhitarty

oun ystem us
p dkyotidet 28 comainiieastR s mure bulkyigaad (sy ambenerdrseora leaving

cat al yst. conpound, and an activator conpound, and

SRR T 88 pesst OMeaeta] AP i b kgann e generally

cQ: T .0

o on e B Ay SR O E ARG Smg Ry ora
pebybitativatthaeofp Thessmullseligatdsdoreferable #wnpigés) or ring system(s)
pol ynmeri zati on be conducted in, a sluyrry and/or.in

P iR oRBP RS u eI P oty g g0t the

S PRALATCF 105 THORBASGHe RAMIY HelAHHESE sbRERA From the group

polymerization reactor. The catal yst conpounds which
meyndsting of dadea, nitrogérs oz pge, ydicor,sulfarphofphpraats, germanium,

! \c/>reorr]1t alm%qahﬁnq{nu%lgrha o%lq‘r}/iran[{c;nztﬁgrlegﬁ Sl\/fogtcﬂrgg?a:bly, the ring(s) or

ring system(s) are composed of carbon atoms such as but not limited to those

cyclopentadienyl ligands or cyclopentadienyl-type ligand structures or other
similar functioning ligand structure such as a pentadiene, a cyclooctatetraendiyl or
an imide ligand. The metal atom is preferably selected from Groups 3 through 15
and the lanthanide or actinide series of the Periodic Table of Elements. Preferably
the metal is a transition metal from Groups 4 through 12, more preferably Groups
4,5 and 6, and most preferably the transition metal is from Group 4.

In one embodiment, the catalyst composition includes one or more bulky -
ligand metallocene catalyst compounds represented by the formula:

LALEMQ, ()



bul ky |igand netal |l ocene conpounds; transition netal
catal ysts (e.g., Ziegler Natta, Phillips); Goup 15
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conmpounds; and additionally discovered catal yst
conmpounds. The catal ysts, cocatal ysts and acti vator
conpounds can include the support nmaterials. As used
herein, the new notation nunbering schene for the

Peri odi c Tabl e Groups are used as set out in Cheni cal
And EngiheeM isgn iNetad atofiBfrah theFer{odigBile dfiths dilements and may
enbodi nents, however, it is pref.erred. that the .
& dheel GERIDG, o1 Tersiah orerp et PLAR PSS o theiReriodic
PaF bl Cu A 16 MR 1\8Edup1, For b HaflsifB nitiHheem
alalia?/);le s]%lg#%g@’ rre?et hgﬁgFudr?ng “particularly when

t hgefefablys MaispeGioup dricmaition metdlnevsh muere praferablydylas zipnium,

catalyst is titanju et.rachl oni d particul arl.y t

A W TR e Pl SR s 47 PP OPED AVl r Tised
trd Loy lySmei ¥ystem, includi
hyﬂc@&@qﬁ girn gggég&sﬁ?ﬁ af;e%él %gglqlg;n}gg%d?ﬁe}r’]t ,mtlﬁg ucgrigal lyst

i ameubistiautéd eesubatdiiuted], cyalorentadisnyl liganhs escyglqpentadiegrl-type

g R oo el ot RO Ea R -
{ng,}ﬁeeir?ge%ﬂgy Nofangi B erdhple e BENIRYREAHAS $ncl@lessycloptandieslyl

as netal | ocenes). Typical bulky |igand .
méigahds cyelepantanhenardbreneyd I@ewés wdeyyldiggeds, betpindenyl ligands,

cant ai ni one Qr [ . | 1Qa re

" dorory Bt o Ry et A s Bl
ThgclpbiticyddRaesEna ligaghnezeal] Ygandpresient Bgaridy, Enealar
nore open, acyclic, or fused.rin {?s or. ring syﬂ_en(s)
orlizands pbpsphoyIdigepie PBer iR} @?{Aqlﬁabmgp yl ligands;
pref er ahl e.r] ; ' i .
b s34 B pOALBYALE I 38 oL At
ofhylhspeRated oetisiond atured fpfor Ekanpla tetrahpdrefrelenill liganfie In one

atoms are se|lected fromthe group consjsti nga Pf :
c canhwdiments kogechl g;@yd)@r@,ny sther gand tiyctugs cap ble of m-bonding to

phagsphor.o ' . j A B
6 o gt d5Rcep S B, RPEOR AL P (B o1/ or L

I i gxgedily SVRITLS), peéferabbnpesterithaf 65 amhon laswrtsersudtodasent, L*
but ngt limted to those Eyclo ent adi eg])él I i gands qr

¢ yasdd p ST ERTBRTIAC N 98 T BFEroatomse 5 c3ample, Bitfpspm, silicon,
Siyg-d. A" Firh OR gﬁ&? BGh Ffth@arbon atoms to
pegr%glgiggﬁg@%&ltéyéﬁggﬂ te P%E&%%F&%?ﬁlan I mde |igand.
Thierrmah apegtaoynlics opprefeeatdp b yused) mng endrifg sysieqr, dorpexagiple, a

t h}{e?el%g-rc}yg]gpentadienyl ancillary ligand. Other L* and L bulky ligands include

but are not limited to bulky amides, phosphides, alkoxides, aryloxides, imides,
carbolides, borollides, porphyrins, phthalocyanines, corrins and other
polyazomacrocycles. Independently, each L* and L® may be the same or different
type of bulky ligand that is bonded to M. In one embodiment of Formula III only
one of either L* or L2 is present.

Independently, each L* and LP may be unsubstituted or substituted with a
combination of substituent groups R. Non-limiting examples of substituent
groups R include one or more from the group selected from hydrogen, or linear,

branched alkyl radicals, or alkenyl radicals, alkynyl radicals, cycloalkyl radicals
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Tabl e of Elenents. Preferably the netal is a
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preferably Goups 4, 5 and 6, and nost preferably the
transition netal is fromG&Go 4. |In one enbodi nment,
the catal yst conposition includes one or nore bul ky
i gand netal | ocene catal yst conmpounds represented by
the forrmula: LALBMN (I)where Mis a netal atomfrom

t rtﬁ a?? {a@i@hlﬁ z{E?pllaﬁlcﬁfs 51'891 TBURABMIRo:ANEdidRY, 2910ky RidiacHds,

metal or fromthe | ant hani dé or acti ni de
seadkﬁﬂn@fadlm ﬁ@ﬂk)&dnmomchbais afkoRlyearborntyd raq@wé:‘r,er ably M

acSlox By il SRR et B T o SRS s Rafiafiely,

M ﬂaélc%jl'srmxljr%dlbﬁﬁ NcY ko fddlcﬁﬁ' M‘ylaﬁhﬁo Rididals, straight,

| igands, LA and LB, are o acyclic or fusedrlng( )

orbranahgd oy SY@W( Slkylan@lraaln@? nyccani@mtm@rtyeqep@ dna prgtsted,
I s tﬁ’%é‘?ﬂg el @)ﬁ{}) teﬁlltlt%tg]l?%s Seg"iti)iﬁtolgg Sg{;’l a{oms preferably

| | B3R dSo 30ehfoagthaeaalddst i substurRa ds/mlrhafftigeﬁﬁ erh@efoatoms or
contai ni ng cycl, opent adi enyl type |igands. Non-limting

eﬂhﬁbk@sNQfl liuiting exaraplaviel allad swriituspts B ohideanethyh ethyl

h
R o T
oghelivelrinadludiag an yﬂleni ﬂsgtaeldsfor eyahpgie wamthuaﬁnﬂbyﬂopyl and the
[ g@ndshecycl opent cl ododecene | |

| il q?érsmclaéﬁ ity géwgetﬁﬂhé%lﬁmhﬂ
|

e PR S LD A
bwrgbmmﬂbml ragiirattsinelnding iemlethiyisilyl, brohetliylggrmyl,
hyd t ed [ th f, f k .
S B RRBY IAG A tel ken EL Salor g e Ereenomaelig
L Q‘B&E@ s BTN, %\Aﬁ{sﬁﬁ&lubfcﬂl?e‘ﬂl%/lﬁhlﬂ %%?l-&@(@ﬂﬁ&oﬁ%thyl)sﬂyl

onding to I'n yet anct enbodi nent, the atomc
rmjremuhmthywamgﬂwlgemyl ofd the\like; and d@mb@éuuéecﬁ@ran radicals

ot e?)laﬁrl a2 !q%/mgthil%éﬁ)& gggﬁgg}) %,Oaﬁg] dllsggstngfa q QPICE%%GQ radicals

h ehah@ak Ql'ffﬁeth?l@fnn@é( alhéBylphosphR@ediph&iylidrei@s, bor on,
ger mani um su d phosphorous, in conbination with

c angshylpheroiiphosphine ohaleagepasicals dyclyding methoxy e7theXh PYOPRXY,
B

L Bhé bl chit@adEcin)bbroticalbminua, eitheten] phidspatotis olxygéﬁy tin,

aTulderS ge&?ﬁ‘l?l?mh Iag((ie %he lﬂ!ekgl)éiu%?lfg ole 1nsI Scl)l)éf'l gse gut r{o[tnhgnlted to
olefinically unsaturated substituents including vinyl-terminated ligands, for
example but-3-enyl, prop-2-enyl, hex-5-enyl and the like. Also, at least two R
groups, preferably two adjacent R groups, are joined to form a ring structure
having from 3 to 30 atoms selected from carbon, nitrogen, oxygen, phosphorous,
silicon, germanium, aluminum, boron or a combination thereof. Also, a
substituent group R group such as 1-butanyl may form a carbon sigma bond to the
metal M.

Other ligands may be bonded to the metal M, such as at least one leaving

group Q. In one embodiment, Q is a monoanionic labile ligand having a sigma-



carbol i des, borollides, porphyrins, phthal ocyanines,
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bul ky ligand that is bonded to M In one enbodi nent of
Formula 11l only one of eithegg LA or LBis present.

| ndependently, each LA and LB nay be unsubstituted or
substituted with a conbinati on of substituent groups
R Non-limting exanpl es of substituent groups R

| Ngdndde MN®dpendiBg 6n fHe@Xidakien eatl¢f thehrel,ehe Yalgdor nis 0, 1
hydr ogen, or |inear, branched al kyl radicals,

| or
al ehsuichrthefi Roamyla IH| dbpyig Teprasente amsutralypuikydigepd metallocene
radi gal.sor_ar radi cal s, acyl radicals, aroyl
ré:ﬁ§¥?§gngﬁkééy radicals, aryloxy radicals, alkylthio

r adi cal Nondingitiky k2dhples 6faQ ligadds,inclhdcowysietdiessich as amines,
radi cal s, aryl oxycarbonyl radicals, carbonpyl .
r arftosplhiges, gttieps, cargpxdated lianes, dydrpsatyl radicalsciaying from 1 to 20

| . . . e} e
A8 5 D ) BOS0 S or

I o€t Smbodingentitivoak inaie QNeformfa pdriofe fusef g @ding system.
Ry GF BRI 8 G e by TIPSR rdbasdeseihed above

thaly ; | ' i

h I(}?ltd 1ﬁ@1ﬂdﬁf§§%§:f3§w§ﬂ P?ilgﬁé% gl_eiﬁ‘ﬂiyﬁ,hoﬂﬂ tﬂﬂ%ﬁlelﬁ{yl, tgtframethylene,

eroato mti ng examnpl es
al peptanseibylend, mestiydidend, modithybeynethigy, peipoyy,, phenaxyy bis(N-
but y| |.. hexyl . | |, . : |
oo S b e EE e i LRI e
| SOMEr Sy £Rfhe® ¥ABBAifiche kil afalydR UbMbosiliSPOREP MWludedd or more

the I'ike. Qther hydrocarbyl radicals include
f Iwdkyoligartdymetallpagoe oafelyyt compophdiowhere hyland Lo dd Foopyle L are

bronphexyl . .chl orobenzyl and .hydrocarhyl substitute

or SR s Y AF B o RIS R At FpREbrbY Formula
trgpret hyl gernyl, nethyl diethylsilyl and the Iike; and

hal ocar byl - substi t ut ed g%%&Eonetalloid radi cal s

including tris(trifluor MQ iy

met hyl -hi s(di I HM [ . .

br omonet 14 é/cgﬁo‘ll Anuégiél)ﬁ’%er n%/ ﬁ%ég&[oh“én i l1<ned ,’ge%fr%3 d lkey higand
dirsetaBédent vhtalshangpounddiIcgILS, M) € ar i gredis defilad dbovanNon-
for exanple; and di substi.tuted pnictogen radicals.

i deniyae sgaaples chhdginggroun MWF OG8RI ZHPs containing at least
di b e U RNQSRA Gale i AiE9IE but not
ré§@§§¥gﬁ?%3f6%?ﬁ%ﬂﬁggﬂggy, et hoxy, p?opoi@? pﬂéﬁ%i&?o
meirhiyddstol 4t ledst @i @tchgbos udyigee,. nitkogenh yiticag @himinum, boron,

T s e i e

contains a carbon, silicon or germanium atom, most preferably A contains at least

one silicon atom or at least one carbon atom. The bridging group A may also
contain substituent groups R as defined above including halogens and iron. Non-
limiting examples of bridging group A may be represented by R’;C, R’,Si, R’;Si
R’,Si, R’,Ge, R°P, where R’ is independently, a radical group which is hydride,
hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted halocarbyl,
hydrocarbyl-substituted organometalloid, halocarbyl-substituted organometalloid,
disubstituted boron, disubstituted pnictogen, substituted chalcogen, or halogen or

two or more R’ may be joined to form a ring or ring system. In one embodiment,



sul fur, germanium and the |ike, including olefins such

as but not limted to oleflnically unsaturated
w@aipspIwent s i ncl udi ng vinyl -term nated | i ganPiST/US1905/021652
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substituent grou roup such as 1-butanyl may forma
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or oup. Q7 78 FE gl S Sl 1hnd B3GR cur B Atpouncs

i g3 Rchsb MHeRrgtha Redupetnems oh thdBullbelemds Y ana 1P MFormulas I
oxidation state of the nmetal, the value for n is

5 oramg 1§ grersubstiuted 3yith thg stme ongifipeent BRmberaubsiityratn qnaq=ach of

b k A

N(ljt:l?-l |#|yt %d%ﬁ%k@éﬁ%ﬁb%ﬁﬁ%ﬁéﬁ{ S 1 ﬁci%‘ggs I\/T/eaﬁd %ases
S Uedimagasdrind 66 areplifdsphi s cadt dthers, car boxyl at es,

di enes, hydrocarbyl  radicals ha from1 t

car bon QtskBUIkY Jigrndstadocens|ca @éﬁ%g%ﬂouﬁﬂ%aq“f‘?@égéﬁt systems
m)r eh%fﬁ’i {hgflnéé?l%ﬁ %E{y &@ué@ BE@&eseﬁMh@StPat&Md&f 5,064,802,

orma used rrng rong syst em

10 O 5845,8Kp15pl4Es3 lef 5,043,008 5239,422) ﬁl,élé6 ﬂﬂ&§e29§u4:3§t ppaeaos,

55 ST 5 LS FRERE oo

t ed g egsh Yl 08, 5sp§ Qb@m fd §9§9 50 AYPCH PBlicaRBAOIWEXY ,
et RyoXy, propoxy enoé%(g VéNmst hyl ani | i de

di %@mhﬁi@@&%ﬂ%ﬂﬁ?@ © 984Hi 1441 WQIR(41 539, WO

T2 3 %5@685“3@6352@% 3P ksl FRTERRb b

15 Cahdhivstons BPRALNS m@-Am @xdsglsBEpr—Ecmmlse EP-a¥1e0 816
bri dged to each ot her at | east_one Dbridgin P%ﬁoup
A 3RS TP et 6dan a8, 15 B o1 815, b B Rk M7 o PoRE 0757

d F I ed, bul ky
TR R Bl SR e gy bR ATt W & ana
n are am sefhenedbadiaest, t}NﬁmkalyetbomgoﬁumsphaE}SmOTude bndged

bri dging group A include brjdging grougs containin
| elggq%oatgmgmong-bulky ligand metallocgne cgongpoungs These types o? catalysts

20 and catalyst systems are described in, for example, PCT publication WO
92/00333, WO 94/07928, WO 91/ 04257, WO 94/03506, W0O96/00244, WO
97/15602 and WO 99/20637 and U.S. Patent Nos. 5,057,475, 5,096,867,
5,055,438, 5,198,401, 5,227,440 and 5,264,405 and European publication EP-A-0
420 436, all of which are herein fully incorporated by reference.

25 In another embodiment, the catalyst composition includes one or more
bulky ligand metallocene catalyst compounds represented by Formula III:

L°AIMQ,  (IID)
where M is a Group 3 to 16 metal atom or a metal selected from the Group
of actinides and lanthanides of the Periodic Table of Elements, preferably M is a
30  Group 4 to 12 transition metal, and more preferably M is a Group 4, 5 or 6

transition metal, and most preferably M is a Group 4 transition metal in any



one G oup 13 to 16 atom often referred to as a
di val ent noiety such as but not limted to at | east

Wo@r@60069989 car bon, oxygen, nitrogen, silicon, aPCHUNF/021652

10

15

20

25

30

boron, germanium and tin atomor a conbi nation
thereof. Preferably bridginggroup A contains a
carbon, silicon or germaniumatom nost preferably A
contains at |east one silicon atomor at |east one
carbon atom The bridging group A may al so contain

S WaSddtibH @bite, e5spensly Rtasweer itv,eﬁsuaktit\md ioR ohmmsn@ted bulky
hal ogens and iron. Nonlimti ng exanpl es of_ brid

grligapd Bonded th & Jeis rbé?,@f?ﬁtéth@l 17bonded fo kpnd ;I gp aﬂqetgg]atom
V\mng%a}”)gr%asp@h?r&? A I%yh glﬁg %g(ﬁfﬁdgqg L1¥m{v§ chfaliGak 113584 Bnd n

hMQfHéqﬁfe aﬂ 0,1 Baizoazamyxhula HU bisdvief L, eadalhrw ﬁirﬁarebﬁdsed ring
hydr ocar -substitut or ganormet. al |

halystemy Hylan sobedinant.dd of Hpamyladils %ﬂ%ﬁn%a@ab%fqrtlut dy M
DA% PP 58 RSt RS AR 0 chal cogen.

ring ornlFoRguRyIEkiga Hetemnmn enimdmnge]n‘ganﬂhm“ﬂma}ﬂ@edn element
bul ky |igand netal | ocene c éSt C npoun S of For mul a

| Iwiking eoqrdinaten pembenafithis KT ERS 66’6%1 360 9| ) .
%Og{b?ﬁ{ﬂl%h n%ﬂffi)%g PRY ﬁo&r@roQH Vﬁlﬂf {He%Hdea%lé SG9BBents.

cata oun s are those ere the R substituents
0 rPréﬂ&fale}UJ kgnthmg amitsogen pﬂmdphoals;bxfgﬂnmmsaﬁuﬂ atamdmth mtrogen

bstituted wth t di ff
M L e
a%ﬂﬂj e Jﬁokﬂlﬁd@félpl‘ééeﬁtbg 89 Errhfla A khb ﬁu@focEﬁU’oﬁl}&é{‘érably is a

ifferent fromeach other. O her bul Ky
| |}grdrm1ummcatboaic deferalyavhen thﬁcﬂ?,tﬁhlﬂ’ﬁ dystem @omnmwmpounds

syste ef ventl

aagerred it emale Bl BV HkBth [ pBENERR ATy

5, 149, §}9n embédiiné bf tHe B0, ahe Bulky GigdRBmetlldOéneathlyst
5,321,106, 5,329,031, 5,304,614, 5 677,401, 5, 723, 398,

5, cPEPOBIE;, arg hgsmeel: ligandsemplexes wheng thpbulky ligaeisy thg ring(s)

o5 omsar el o8 B o” bl et aBUeB B ERh ot

984 ¢hl hrdting\WRa B8Pl b 13 BBterdd A8 idb @, Grdtp 994D 26 ékRmend WO
99/ 14221 and European ubl i cati ?ns EP- A O 57}31? %1
Emﬂ%@ba@strsg@ bepanpswdfisg exygem, AlEpinam, §ligew phpsphorous and

EFT’mBI X%m%g% g‘g&gese %ﬁ}k@l ggnmﬁ AtetiblenciRidR st 9)1?1?;&1&1% Lrand

i'ch are hereln
i rieedrived ad VD 196/33202rWaren/34021, WO 97/17379 and WO 98/22486 and

EP-A1-0 874 005 and U.S. Patent No. 5,637,660, 5,539,124, 5,554,775,
5,756,611, 5,233,049, 5,744,417, and 5,856,258 all of which are herein

incorporated by reference.

In one embodiment, the bulky ligand metallocene catalyst compounds are
those complexes known as transition meta] catalysts based on bidentate ligands
containing pyridine or quinoline moieties, such as those described in U.S.
Application Serial No. 09/103,620 filed June 23, 1998, which is herein
incorporated by reference. In another embodiment, the bulky ligand metallocene
catalyst compounds are those described in PCT publications WO 99/01481 and
WO 98/42664, which are fully incorporated herein by reference.



I n anot her enbodi nent, the catal yst conpositions may
i ncl ude bridged heteroatom nono-bul ky |igand

woredalobweene conpounds. These types of cat al ysPGT/EsIH05/021652

catal yst systens are described in, for exanple, PCT

publ i cation WO 92/ 00333, WD 944 07928, WO 91/ 04257, WO
94/ 03506, WDO6/ 00244, WO 97/ 15602 and WD 99/ 20637 and

U S. Patent Nos. 5,057,475, 5,096,867, 5,055,438,
5,198,401, 5,227,440 and 5, 264, 405 and Eur opean

publ i caln aotid?-eAtbodizént, ABSbulaly lhgﬁﬁd mbtiafibceae eathystecampound is
fully incor por ated hy reference.
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Gmldibtlas tsnc]iﬁs it adesertiloath mrU 8. Pardra Nose$,627, 252 dnrdofV4h406 and
Group of actinides g? han es of the FgeH%dl c

TBPBI10P 78 GForlkol i il Sncpredraisg by rerepse

transi thp&mﬁ?ér%bomnmﬁ@cagm t% béﬁthl hﬁhﬁeé%ﬁ’él@r fore

5 or 6 transition netal referably Mis a
G taulky Hghmdunsiatlbcane watabist ¢mn1mwds<1sdatrﬁmteslt‘taft®nnula Iv:

especially titanium L i§ ituted or
unsubst it uted bul ky |igir %rf’%iﬁgééto M J is bonded to@)
M wiherk M1 t?@ﬁ‘ @&1}1 33‘[0]1 Gmetal; preférably @Gftﬁlbelrt@qwlfﬁnsmon metal, and
ancillary |i andA|sabr|d|nigrjl?_4 %{lsa
unvst paterany @rﬁmuplﬂgaﬁwelr 6 dragisition gnatdle nﬁélg@r ¥ ligangt that is
la ]l f .
- e b 8 ek i HSacaE: bAR0Y MeapLTharFh g agigane

defreneshiphamehbiped phlydbatMeaidn® @fQ kot il dedtl dnicafieligand also
defined above in Fornmula I, In Forrmula LIl _J is a

hehandedtoM; é%maamquigmanwrdgmhp WheR B 192 o5 X aiggler anionic
V\Anérgmgw%%ﬁlhqé ?aﬁ SoanI@Jrrber of three from G oup 15 or

a coordi nati on nunber of two from
G oup 1 Ermuleel \Rdr amaldVicard addefinedl abbwenfonFernmiPa &f Oriabd y
en or sul fur

J contains a nltro haor.us, ox

atdsngsl £hos for g %é.m@feh%@t 3;5? sAlestscLomthe group consisting of
d 0 nt t

e sy i e i i o

f | consieting bOHOR-BIRS, aBRY, -S8B, SiRGHPRE, tidrapd anbssituted or

Pr ef er abl i

G ETRAEERTER LT A T Mg
| S8R tond oP Blcf Jro@) QsRIsRRR of I0R, am@bswl REW, -PR2 bH@-H; R is
i nvention, the bulky |igand metal [ ocene cat al yst
selected from a group containing carbon, silicon, nitrogen, oxygen, and/or
phosphorus, preferably where R is a hydrocarbon group containing from 1 to 20
carbon atoms, most preferably an alkyl, cycloalkyl, or an aryl group; n is an
integer from 1 to 4, preferably 1 or 2; X is a univalent anionic group when n is 2
or X is a divalent anionic group when n is 1; preferably X is a carbamate,
carboxylate, or other heteroallyl moiety described by the Q, Y and Z combination.
In another embodiment, the bulky ligand metallocene catalyst compounds
are those described in PCT publications WO 99/01481 and WO 98/42664, which
are fully incorporated herein by reference.
Useful Group 6 bulky ligand metallocene catalyst systems are described in

U.S. Patent No. 5,942,462, which is incorporated herein by reference.



conmpounds are heterocyclic |igand conpl exes where the
bul ky I'igands, the ring(s) or ring systen(s), include

WQOR@60099%Dr e het eroatons or a conbi nati on t herpO¥/US2005/021652
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Non-limting exanples of heteroatons include a G oup

13 to 16 el enment, preferably mptrogen, boron, sulfur,
oxygen, alum num silicon, phosphorous and tin.

Exanpl es of these bul ky |igand netall ocene catal yst
conmpounds are described in WD 96/ 33202, WD 96/ 34021,

WO 97/ 133719)‘[1@6‘11 dlséﬂﬂ &&{lf&’#ﬁiﬁluda thdsPrmAlltificR 4k meTocend catalysts

U. S. Pat ent 37,660, 5,539,124, 5,554, 775,

5. F5esenbed 151\&%9%24%65@1%& dy94, %}%r@SI@serr@%n@ﬂtwwle
wh

R A LR RESISRO1 4, BN RN Gy B o

Corgaumets @ther ﬁahtaﬂecane ﬂﬂhE’Xﬁ Sndtmdenhosesdeseribediih E@m 950 667
e e L O 220
|
1?18%1![1?8&16% 21%1“9?% 8@@@\/\}15@%8& sﬁ%h?‘i cab!?ystsoc%s&%dgg byS

une I's herein incorporate
r ePaerstNe. 6,008,240 whish agsrinocipueied hertie byukfegente.gand

netallo ene cat al oppounds e..t hos cribed in
PCT U S BrracApoisd o 28 oS AP gs) e BakY HeRr
ar efatbbohe! AR H@s‘cﬁged‘aﬁfo% rln@l)lldé ﬁfeﬁfs%ﬂétﬁrdl Br aﬂmah&r

odi nent, the bul |gand’ net al | ocene cataly
c oamutmmans lsmrr@mme@ﬁ and ragemist igdmensy fof examply see U S Patent No.

tr [ tion neta ref.era
u%‘g% ﬁﬁfélacoaporaﬁg% ‘?%{e&f%b ?B‘B%Hlé)&ufesgl%%%ﬁ and one
m)re het er o% ieti , such as those descri bed
|n2u s. Tsgpistien ga dg’oné’??n 2 and 5, 747, 406 and
EP-BI -O 735 057, all of which are herein full
i ncor pohuaatn@&l%ymbe@meéh @@nvqnﬁoaﬂdwrevar@mdn%lrﬁatalx%my

AL i ST o0 hid GRS ARECoIPhBehkiod hoand

ocene nmpounds 1's repre
Fogaralyds hr¥: ththseW(tfﬁZ)tDmegleN attheragadibinsand Pﬁlﬁpﬁt}@etcatalysts
16 netal, prefera ansi t

1 L.
antelisagw ethe Akp %ydaa Qf&&a‘&lplﬁsfléglz%‘i\{af%ﬁ%t? ygS deseribed
malh%ze Ra @a%ﬁarlcf dﬂﬁeﬁﬁz@%n& g ofﬂ?Bg&d AtCQdel}ﬁlc ?’?&E New

Qis i ependently bonded to M and @ fornms a
I |Wg@nkd1919r efemgiésyofaouvintihnalegpoe paxhsyt@kmmaﬂabcatalgamre atgo

2 A O SR NGr b i WAEANT DR GREGET specs,

di &) 16763, AH70B59 and 4,960,741, all of which are herein fully incorporated by

reference. The conventional-type transition metal catalyst compounds that may be

used in the present invention include transition metal compounds from Groups 3
to 17, preferably 4 to 12, more preferably 4 to 6 of the Periodic Table of Elements.
Preferred conventional-type transition metal catalysts may be represented
by the formula: MRy, where M is a metal from Groups 3 to 17, preferably Group 4
to 6, more preferably Group 4, most preferably titanium; R is a halogen or a
hydrocarbyloxy group; and x is the oxidation state of the metal M. Non-limiting
examples of R include alkoxy, phenoxy, bromide, chloride and fluoride. Non-
limiting examples of conventional-type transition metal catalysts where M is
titanium include TiCly, TiBrs, Ti(OC;Hs)sCl, Ti(OCHs)Cls, Ti(OC4Hy)sCl,
Ti(OC3H7);Cla, Ti(OC,Hs)Br,, TiClz*'/3AICI; and Ti(OC;2H,s)Cls.



group when nis 1; nis 1 or 2. In Fornula IV, L andM
are as defined above for Formula | . Qis as defined

w@bwemoodar Fornula |, preferably Qis sel ect edPdT/OR0051€21652
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group consisting of -O, -NR, -CR2- and -S-; Yis
either Cor S; Zis selected gyomthe group consisting
of -OR -NR2, -CR3, -SR -SiR3, -PR2, -H and
substituted or unsubstituted aryl groups, with the
proviso that when Qis -NR- then Z is selected from

one of Coevegtiongl-topsusitiongnethl catdyst ediRBoundSBased BnR3,
-PR2 and -H R is selected froma t%roup cont.ai ni ng

c an@gsmsm@il/tlta@&m electrpgener cewéf'éﬁs ghie aﬁefbhaébmwa@mn are
I
f rogeﬁ,lgrib%*a 13112%{? ' 8 SaPQ%H{ lq8$r4br eTS@:S g%ﬁﬁ) 4%@5%@F l;ﬁgh are

5 atoms, nos an~alk
C igdréia lfkayy 1ncOfpom’te ay yd:fe@mxu PrheMeFiCGa( ettt egaateﬁ; rdeﬂvéti\@ is
4, preferabl 2; X is a univalent anionic group
wHeRiGylgTdy Er%“f"eﬂ is a divalent anionic group when n is

et b oo T b ApACER B0 B5s SROG MY J O
C diebdin xidooporated bgrreﬁei‘mce eiasmﬂ]esremqustcbﬂvdmtlbkgl tybeyeancdium

net al | ocene ca st..conpounds. ar those descri bed..in
PCRiahb FPERPY = NP GO DIE A ARl o e D RR I BE D PR

arcﬁtafl}l‘élt ké{mPBﬁrﬁst%? E1RAEhE fl%ﬁalmé an%&e}r RAlREs aldkohides such

nmet al | ocene” cat al yst syst ens are
d@sNO@thOCIiQOBU) ﬁdmamBu Nd)ut)B apd ¥ (0L Hy)hj vnadiym tetra-

o S S8 Y i BBy B R B ey s o YR i and

Cal,ahig aSetgPacdmatds RRE chiBrodAC§PARRAERs aith £, VQARAEP4nd

and transn?l on netal netaaracyle structures descri bed

i IVEEL0A0s0) wiere AAcAoHs e aeaty asetoaita. iThe profeFask eogventional-

CETR N (AT
CnRafochibokaadio®] plefsina Gab @,y sliphatiEbr &oMafic Bydroddrbon

tethered netall ocenes (EP 970 963 A2) and those .
s uaqh@aiyspcl& ag ethyls pherwéééan%d byl prapylpgthatyl, 18erbutyl, tertiary-

6 r& pr.por [ nce.
R B, YR b PleRO AU S Do ackoheE
bul ky I@cgﬂreﬂtlml-ayﬂeamﬁnmmmmlystcempdmam ofvackefdrredeo as

i nclude their structéag)iq_r{. ﬁél cal or enantj o rlé‘g:

i ?@H@P%‘f)(ﬂ?éé@ Y5He S g “?"s‘é‘ ¢ Bresqrd inveptigmingluds £10;,
on?&%ﬁg sil chrémé@%l% ol leSH&eP@fr@fz@H) REFBhiBm2Y-ethyl-
erence m xt uf es t her eof

hexanoate chromlum acetylacetonate (Cr(AcAc)3) and the like. Non-limiting
examples are disclosed in U.S. Patent Nos. 3,709,853, 3,709,954, 3,231,550,

3,242,099 and 4,077,904, which are herein fully incorporated by reference.

Still other conventional-type transition metal catalyst compounds and
catalyst systems suitable for use in the present invention are disclosed in U.S.
Patent Nos. 4,124,532, 4,302,565, 4,302,566, 4,376,062, 4,379,758, 5,066,737,
5,763,723, 5,849,655, 5,852,144, 5,854,164 and 5,869,585 and published EP-A2 0
416 815 A2 and EP-A1 0 420 436, which are all herein incorporated by reference.

Other catalysts may include cationic catalysts such as AlCls, and other

cobalt, iron, nickel and palladium catalysts well known in the art. See for



2. Transisiton Metal Conpounds In another enbodi nent,
conventional -type transition netal catalysts may be

W@ s@d/00944 he practice of this invention. PCT/US2005/021652
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Conventional -type transition netal catalysts are those
traditional Ziegler-Natta, vapadi umand Phillips-type
catal ysts well known in the art. Such as, for exanple
Ziegler-Natta catal ysts as described in Ziegler-Natta
Catal ysts and Pol yneri zati ons, John Boor, Academ c
Pregasip] NS Parekt No& BHUS7TEXMammues 55, 4ci@ay8adtand Ha89143Beall of
transition netal catalysts are also discussed in U S.
Pawltgeh angggcorporpted henein by reforenema, 4, 482, 687,

4,564, 605, 4,721,763, 4,879,359 and 4,960, 741, all of
whi ch dt is der eintenipipted that ethepertalysis caybe eqnehived with thee

conventional -type.transition netal C

C et OBao ST e PR R ofdft Radiont ATREHAH S, ee
t rERShAtLANNGR U3 7099PN0BSI874, 581 B70UNS5B01% 570,811, and
preferably 4 to 12, nore preferably 4 to 6 of the

Pes, 7106341 athof which ara ereindally mﬁ@mewxeéidlereln reference.
conventional -type transition netal catal ysts may be

r epr es dnisefirthgr dontenipdatad trat ondRx, mowsef ¢hagatalys campgends

fromGqups 3 to 17 ref erab G oup 4.t0..6 re
rEraTRg PSSRyt SRS Py LY A5t Me PRy WY e pr more
h Q:!ogg&ﬁ.‘ioﬁﬁl Gty COmPHIds O ¥atdlyBikystedRd Non-imitihg examples of
oxi dation state of the netal M Non-limting exanmp

|
ofmiRed nathlydte aat katelyst pistemsaye d%ﬁﬁh@dji@,U@hP%tPﬁltd‘éOSaﬁdggﬁﬁi
Lo i o )

41 4PRTLa0T 4 1 D0 BRI OS50 | E0RYERIANRN. § 482810

tr P dlyst's 'where s titaniunii’ncl’udé

TisGA, 260, Br743,390 RT3y 361 and PCOTRIBH 4803, WO 96/23010 published
Ti (oo4ng) 3d , Tj@;oclpcsrm 20 2, Ti(OX2H5)2Br2, Tid3
v gosal,2986;ml doybich siedrescimsHbeReEatated B terence.

transition netal catalyst conpounds based on

najgnesiéllryu ilts%hjtéigétg! ectron-donor conpl exes that are
n

uséful in the 1nvention are described in, for exanple,

S P R B B M

( ahhile @esdrahekdsidep ilg abhtaingmpiat ¢dtalyitabmpomdsf efbea@oup
British Patent Application 2,105, 355 and éJ S. Pat ent
Nd.5 entining sempeiaidegeneraly dpoiures eSaroBp 3 te d & metalgtom,

desc] | S 0L d0ABly 4 RGP UABRL L ARl AbESt
c ﬁ—%{%ﬁ‘ﬁgﬁ? &ﬁé)dﬁo#?bn’?’?ﬁ%g ESexan%d%s of pconvént I onal -type
vV ghé@iably £atalpys met:d aomybdend tocdt lebet argrleaythg grouhahd disp
al koxy hal i des a&d al koxi des ?uch Do

bound to at least two Group 15 atoms, at Ieast one of which is also bound to a
Group 15 or 16 atom through another group.

In one embodiment, at least one of the Group 15 atoms is also bound to a

Group 15 or 16 atom through another group which may be a C; to Cyo
hydrocarbon group, a heteroatom containing group, silicon, germanium, tin, lead,
or phosphorus, wherein the Group 15 or 16 atom may also be bound to nothing or
a hydrogen, a Group 14 atom containing group, a halogen, or a heteroatom
containing group, and wherein each of the two Group 15 atoms are also bound to a
cyclic group and may optionally be bound to hydrogen, a halogen, a heteroatom or

a hydrocarbyl group, or a heteroatom containing group.



as VOO 3, VOO 2(0Bu) where Bu = butyl and VO(OC2H5) 3;
vanadi um tetrahal i de and vanadi um al koxy hal i des such

wW@sg00v@hew4and VC 3(OBu); vanadi um and vanadyl ar€r/yb2005/021652
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acetonates and chl oroacetyl acetonates such as
V(AcAc) 3 and VOO (AcAc) whergy (AcAc) is an acetyl
acetonate. The preferred conventional type vanadi um
cat al yst compounds are VOO 3, VO 4 and VOO 2- OR where
R is a hydrocarbon radical, preferably a Cl1 to C1

al i phat jrCan@thed E@BBdiin@nt) ity Geap HSronaitiinginemiicdmpamind may be
et hyl, phenyl, |sopropyl butyl, propyl, n-butyl,

i sisprssenyied by thetformyleRit yI . hexyl, cycl ohexyl, naphthyl,
etc., and vanadlun1acetyl acet onat es.
Cbnventional-type chrom um cat al yst conpounds, often
referred to as Phillips-type cp#tal ysts, suitable for
use in the present invention include_CrQ3, chronocene,
silyl chromate, chronyl hlorim az2),

chrom um 2- et hyl hexanoat'g, chrqn1un1acety|acetonate
(Cr(AcAc)3), and the Iikg\ \Vntlng exanpl es are
discl osed in US. PaRSh—Ndg. 3, 7080853, 3,709, 954,
3,231,550, 3,242,099 and 4, 0%/, Qgﬁ whi ch are herein
fully incorporated by referenc’ Still other
conventional -type transition {\Twzatalyst conpounds
and catal yst systens suitable r use in the present
invention are disclosed in U S Patent Nos. 4,124,532,
4,302, 565, 4, 302,566, 4,376,062, 4,379,758, 5,066, 737,
5,763, 723, 5,849, 655, 5,852,144, 5,854, 164F¢nwlaV or

5, 869, 585 and published EP-A2 0 416 815 A2 and EP-Al O
420 436, which are all herein ingdrporated by
reference. Other catalysts may i clude catlonlc

catal ysts such as Al d 3, and ot h rpo i ron,

ni ckel and palladlun1cataly%-e—¥mw knomn in the art.
See forexanple U S. Patept Nos. 3,287,1 12, 4,472,559,
4,182,814 and 4, 6R8-4317, Még.gni ncor por at ed
hereln by reference It SO cqp(enplated t hat

ot her catal ysts can be co med-¥ith the catal yst
conmpounds in the catal yst conposi|ti 6f the

i nvention. For exanple, see U S tent Nos.
4,937,299, 4,935,474, 5,281,679, 5,359,015, 5,470, 811,
and 5,719,241 all of which are herein ful

i ncorporated herein reference. It is furthépmula VI
contenpl ated that one or nore of the catal yst
copmauingds described above or catalyst systems may be

used in _conbination with one or rrgre .
M is a Group 3 to 12 transition metal or a Group 13 or 14 main group metal,

preferably a Group 4, 5, or 6 metal, and more preferably a Groui) 4 metal,
and most preferably zirconium, titanium or hafnium;

X is independently a leaving group, preferably, an anionic leaving group, and
more preferably hydrogen, a hydrocarbyl group, a heteroatom or a
halogen, and most preferably an alkyl;

yis 0 or 1 (when y is 0 group L' is absent);

n is the oxidation state of M, preferably +3, +4, or +5, and more preferably +4;

m is the formal charge of the YZL or the YZL' ligand, preferably 0, -1, -2 or -3,

and more preferably —2;



conventional catal yst conmpounds or catal yst systens.
Non-limting exanples of m xed catal ysts and cat al yst

WGEywho®4ar e described in U S. Patent Nos. 4, 1BO1/885805/021652
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4,325,837, 4,701,432, 5,124,418, 5,077,255, 5,183, 867,
5, 391, 660, 5, 395,810, 5,691, 24, 5,723,399 and
5,767,031 and PCT Publication WO 96/ 23010 publi shed
August 1, 1996, all of which are herein fully

i ncorporated by reference. 3. Goup 15 Catalysts In
onle isnGodipnknor, 16 ¢dlements pefesdbly nitpegemds utilized in the

i nvention include gne or re oup, 15 cont ai ni

el 2P & GOHPy St T IS IBTRIT GRREP & GQLENE BHRE Rfeffapbly carbon,
conpoungi8&&! @ndnildc! udes a Goup 3 to 14 netal

atom preferably a Goup 3 to 7, nore preferably a

Gr'Yipa Group 65 ekmekng\peeferabheniprogére praphiogplor®, ang naoraprefbrably
atom ba%nd to at | east one |eaving group and al so
bound tY'88east two Group 15 atons, at |east one of

WY, 6, Gio@) $9 R préfedbs 4B zdPo10Fhobhdhs) inll hidb §Feferably
another group. |In one enbodi nent, at |east one of the
G oup 1mtragems is al so bound to a Goup 15 or 16 atom

t th whi b 1

gt 808 o PulseReR AL KE o5 Yo Saiethob e heteroatom
Sili Corbon%ﬁiﬂgfg'rbl%p hévilg up @@ @werdy cRIYRARIIEHS) SiliotAe Eerinthnium,
the G oup 15 or 16 atom mafy al so _be bound to nothing

or a hytdndepsh or Bhasphergs, pacigrabhy & baiiri allgylgarylgr, aralkyl group,
hal i ni -

cach on PR EARIF SORE kA B B9 4R CATAIYNERED Mmos

cycl i ¢ gefergblaadnmyCapidrangionygrbep, behmen R amidR omey also be
a hal ogen, a heteroatomor a hydrocarbyl group, or a
het er odRBHFBWREET 1 §760 §16Tip. | n” anot her  enbodi nent, t he

VT Aok, EOPONNRBY, p6g0e S et
wher ei rconMiniag agrGnmupreferatdy 12 lineam siyclio ror nietandhedr allgyl group
G oup ]lgavgnrg ’f'o 583 ci:arr]bé]nr é)tgl%s,rrrggrael preferably R? is absent, hydrogen or an
alkyl group, and most preferably hydrogen;
R* and R® are independently an alkyl group, an aryl group, substituted aryl group,
a cyclic alkyl group, a substituted cyclic alkyl group, a cyclic aralkyl
group, a substituted cyclic aralkyl group or multiple ring system,
preferably having up to 20 carbon atoms, more preferably between 3 and
10 carbon atoms, and even more preferably a C; to Cyo hydrocarbon group,
a C; to Cy aryl group or a C; to Cy aralkyl group, or a heteroatom
containing group, for example PR3, where R is an alkyl group;
R' and R* may be interconnected to each other, and/or R* and R® may be
interconnected to each other;
R® and R’ are independently absent, hydrogen, an alkyl group, halogen,
heteroatom, or a hydrocarbyl group, preferably a linear, cyclic or branched
alkyl group having 1 to 20 carbon atoms, and more preferably absent; and

R” is absent, or is hydrogen, a Group 14 atom containing group, a halogen, or a

heteroatom containing group.



preferably a Goup 4, 5, or 6 netal, and nore
preferably a Goup 4 netal, and nost preferably

wQReoeoowM titani umor hafnium X is i ndepende@it/Ug2085/021652

| eavi ng group, preferably, an anionic |eaving group,

and nore preferably hydrogen,3% hydrocarbyl group, a

het eroatom or a hal ogen, and nost preferably an al kyl;
yis Oor 1 (whenyis O group L' is absent); nis the
oxi dation state of M preferably +3, +4, or +5, and .
niBe“formbbehatgsofthe Yiali ar YAl ligondinlt ismaandhoghapgreofite entire

or.the YZL' .ligan eferably 0 <1, - 2 or -3, and
mot&ang PRYEE g}ﬁragtg%qc_i%gfey@g(%%upig( ‘or 16 el ement,
pr ef er B}, yRhinid REBAY also beSntercGhmberdt & iomedft thhteRemt Formay

. Goup 14 containing group, preferably carbon, silicon
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orbeghrentipibannd tp dagh giher exmay be bpundeneachyptherd other

ni trogen, oly4h or us, fer | LR s
e e L
PhasPhaectlybuindes eachroties oabiay b ibbiapereaciathenthr&igh other
are i ndependently a Cl to C2 hydrocarbon group, a

hegrespsat om cont ai ni ng group having up to twenty carbon

atoms, gjlj ' ' . 9@99 .
preferab f}ikgi)%'f u? gﬁ@%' 1%[%%%4@%@@1 rg(?g@lg’y g%tég}cals’
molieynd eddedadd) kyclaalkyiedicals arginvadiealscreybadicals, £2yl adicdls,
al kyl group, nost preferahly. a to dr.ocar.bo
gr%‘éﬁy Tamepls; %ymyaﬁa%ﬁ& aﬁa@‘h%ﬂ ré‘%"%‘éa q?ﬁk B t o
eaag]tb)égft:g%%yl@?i'cﬁs,az{?ﬂ%izgca%o@l P RCairboo AIradials, alkyl- or
hydroden, a hal ogen, " a heter0at om contai ni'ng group,
prdifleylabhypamoly] radials, agpbdxyaadicalbraayiehdab wmidiopls, groylamino

gg\ééggﬁlﬁéﬁgﬁl‘%gggg%?g gﬁgéﬁ?igélkg?%«ﬁﬁa{cg chr?f*%lgbirﬁgﬁoinsthereoﬁ
Pr&f Frfaﬁall Yrdtpds QeEiEd tBbe aRHbIReutad Syl ?@gp.endent ly an
e

al kyl grodp, an aryl group, substitu aryl group, a
cycl i c Inlakytferped embodinzamb 8#iand Rédre independantky & geppup,

grrgﬁ/[cls%ge(ﬂ{”a Iéél)lg%l?]ggo a %gbmstitut ed cyclic aral kyl

R12

Bondto ZorY
Formula 1

wherein:

R® to R!? are each independently hydrogen, a C; to Cyo alkyl group, a halide, a
heteroatom, a heteroatom containing group containing up to 40 carbon
atoms, preferably a C; to Cy linear or branched alkyl group, preferably a
methyl, ethyl, propyl or butyl group, any two R groups may form a cyclic



preferably having up to 20 carbon atons, nore

preferably between 3 and 10 carbon atons, and even
woreooe/omoed erably a G to C20 hydrocar bon gr oupPCHUSDO$/G21652

C20 aryl group or a G to C20 aral kyl group, or a

het er oat om cont ai ni ng group, Jeor exanple PR3 where R

is an al kyl group; Rl and R2 may be interconnected to

each other, and/or R4 and R5 nay be interconnected to

each other; R6 and R7 are independently absent,

hydr ogegroupranédlokyd hgtemeyelih @iape iwhenan ¢hoatyohq gnoupa may be

hydr ocar byl .group, preferably a linear, cyclic or

br ancheo82K§1 group having 1 to 20 carbon atons, and

mor e prgf.anailyg e timent BEFFnlS 1,385 §10.an@R 12%re

hydrogen, 'a G-oup 14 atom contal ni'ng group, a hal ogen,

orindepleatientlyat methyh ety progy] gr buty! Syup fioclwdingahdsgaersf In

the YZL or, YZI' ligand" .it.1sS t th har ge of e

5 cpier pregti statifon BRI End R trp ol S P R o
XR BYare dﬁ% R2 may al so be interconnected” it is
rn%ﬁ%m?h t and R2 may be directly bound to each
ot her dn apmytikdarhopneteried codoingnh B4 and Ragh bethrregroup
gr oups. "R4 d .R5 nmay.al so be interconnected" it
i §WH§§HF§%%¥J§eﬁﬁﬁéﬂﬁ§g§% ¥ be directly bound to each
ot her or may be bound to each oégﬁﬁk§prngh ot her
groups. An al kyl group nay | Thear, granched al kyl
radi cal s, al kenyl @ﬁgic IS, al kynyl radicals,
cycl oal kyl radi cal a tldal s, acyl radicals,
aroyl radicals, alkox I cals, aryloxy radicals,
al kylthio radicals, d | am no radical s,
al koxycar bonyl radi cal aryl oxycar bonyl radicals,
car bonoyl radicals, alkyl- or dialkyl- carbanoyl
radi cal s, acyl oxy radingg, acyl am no radi cal s,
aroyl ami no radicals, strarght, branched or cyclic,

10 al kyl ene radicals, or conbination thereof. An aral kyl
group is defined to be a substituted BEayulggZ oup. In a
preferred enbodi nent R4 and R5 are independently a
group ragkiesedbeEndy, Nhea Gabipoinetl freefidbdy zikadhiamh aitdnium

wher ei n: L o
or hafnium, and even more preferably zirconium; each of L, Y, and Z is nitrogen;

15 each of R1 and R2 is -CH2-CH2-; R3 is hydrogen; and R6 and R7 are absent.

In another particularly preferred embodiment, the Group 15 containing

metal compound is represented by Compound 1 below:



R8 to R12 are each independently hydrogen, a Cl1 to C40
al kyl group, a halide, a heteroatom a heteroatom

W@ 0vba09MNg group containing up to 40 carbon aPONE$2005/021652
_preferably a G to C20 linear or branched al kyl group,

| group represented b
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preferably a nmethyl, ethyl, p3¥bpyl or butyl group, any
two R groups may forma cyclicgroup and/or a

het erocyclic group, wherein the cyclic groups nmay be
aromatic. In a preferred enbodi nent of Fornmula 1, RO,
RO and R12 are independeptly a nmethyl, ethyl, propyl
or butyl group (inclu onal | i sonmers). I n another
preferred enbodi RO and R 2 are net hyl
groups, and R8 and R e hydrogen. In a

ol l ow ng fornmula: Formula 2
In this enbodi mrem, is a Goup 4 netal, preferably
zirconium titan un1§{ ha(&LEp%]and even nore
preferably zir Q_Iilum catth~o L, Y, and Z is nitrogen;

each of R an IS R ﬁg% R3 is hydrogen; and R6
and R7 are abser':;)é.m#1 Pp;-h
enbodi nent, the gy 15 contai ning netal conpound is

rticularly preferred
represented by ConpouRd 1 bel ow Conpound 1 wherein Ph

in Conmpound 1 equals e - The Group 15 contai ning
nmetal conmpounds can_bg prePared by any appropriate
met hod, including netRods Known in the art, such as

those disclosed in EP 893 454 Al, U S. Patent No.
5,889,128 and the references cited in U S Patent No.
5,889,128 which are all herein incorporated by
reference. U S. Application Serial NuGbspoddd B12, 878,
filed May 17, 1999, discloses a gas or slurry phase
pol yneri zati on process using a supported bisam de
cawhérgst Ph inCanpeundd| eguals pberylor at ed herein by

ref erence. referred diregt n Sl

compoundle SEnB P utfng ek coRhE bR by oy,

f ofppRymiaN Melhdl, Eludidk hedthddyrkiioha il tiey ard/Ispchastthoddidistlosed
(Mis a Group to 14 netal, n is the oxidation state

3
of inNgP @ 883 454 iAd, Hrd- RatcshiNe- %8%%5;8 and the references cited 1n U.S.
Patent No. 5,889,128 which are all herein incorporated by reference. U.S.

Application Serial Number 09/312,878, filed May 17, 1999, discloses a gas or

slurry phase polymerization process using a supported bisamide catalyst, which is
also incorporated herein by reference.

A preferred direct synthesis of these compounds comprises reacting the
neutral ligand, (see for example YZL or YZL' of Formula V or VI) with M"X,, (M
is a Group 3 to 14 metal, n is the oxidation state of M, each X is an anionic group,
such as halide, in a non-coordinating or weakly coordinating solvent, such as
ether, toluene, xylene, benzene, methylene chloride, and/or hexane or other
solvent having a boiling point above 60 °C, at about 20 to about 150 °C
(preferably 20 to 100 °C), preferably for 24 hours or more, then treating the
mixture with an excess (such as four or more equivalents) of an alkylating agent,
such as methyl magnesium bromide in ether. The magnesium salts are removed

by filtration, and the metal complex isolated by standard techniques.



such as halide, in a non-coordinating or weakly
coordi nati ng solvent, such as ether, toluene, xylene,

whewseome49 et hyl ene chl ori de, and/ or hexane orPOI/082005/021652

sol vent having a boiling point above 60 0C, at about

20 to about 150 C (preferabl y320 to 100 C), preferably
for 24 hours or nore, then treating the mxture with

an excess (such as four or nore equivalents) of an

al kyl ati ng agent, such as nethyl magnesi um brom de in

et her. Hhensragbesnem, thelGroupi & comamingdnisgl donpouad isprepared

Bl SRR e GRS ool Y7 iy 2L
”EE,PForﬁﬁﬂE%}GKn? gxii@lrae&ﬂr@@n%)‘epﬁeﬁﬁkﬂ 89 tEOPRLIRIMYK, (where M

reacting a neut 'l ga see for exanple YZL or
YZis'a Gfoupdr touil4amatalpn idMhg owidatiomstetsrop dMiyredch Eps es eniosit

by the formyl.a ML1Xn (whereMis Go 3 to.14 netal

o eV iPR TR dae RomevEia DR Ry S SO aling ST oBout 20

| eqy [P g JeOpRYerhBly @t At SORY fholal AL, Fhen¥RsakihyY the mixture with
coordi nati nhg sol vent, at about 20 C or above,

pr &f ercabd of ant alkyating 2ent, theaennveningtho@etaliremplexe diiang

t he m xt.ur Lt h exce of. an _al kvl at | ng~agen
R e R R
ey cineBrylend) Berizehd, @At/ohRéxade. DB Ariofigr RAIbOEInERO 1R GO/ehit
such as toluene, xylene, benzene, and/or. hexane. In

10 anearhpesises fihetarihon methuleno Fhlarde, esheriemeprelerble: and/ or
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met hyl e Lorj it ' : E
a1 1 ohgh FARle forfHebiG b EEOA PEBAAAY Lfetol SBfnpoynas,
C Oﬁlﬁﬁﬁé%ds Mipeaiemiak, Mct inHP CReIHS4AAS wHicledis¢lnsdsRrafisition
893 454 Al which discloses transjtion tal am des

c omsiaharidgs cambmed yathack vatgrsje PP RIS #e O8Fi ns. I n one
enbodi ks g '

T Uy SRR 68 L KTl AR e
hat dgeeniontt & asa patynheistioronk hesbesinotedtdrat leaseomuasieasion

RIS PR 8 L L B
Phﬁé{ﬂ?'{?? rdGit8% db¥pbukoPosi tion of the invention

may | de one or nore phenoxi de catal yst conpounds

represe the followi ng formulae: Formula (VI1)
or ornu?%%?ﬂxlﬁéf) wher ei n:

The catalyst composition of the invention may include one or more

phenoxide catalyst compounds represented by the following formulae:
R1
R2
O — MN—Qp.1
R3 R5
R4

Formula (VII) or



Rl is hydrogen or a C4 to C1Q0 group, preferably a
tertiary al kyl group, preferably a C4 to C2o al kyl

w@e@ppopy ef erably a C4 to C2 tertiary al kyl grPOIPS2005/021652
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preferably a neutral C4 to G 00 group and may or may
not also be bound to M at legst one of R2to R5is a
group containing a heteroatom the rest of R to RS
are i ndependently hydrogen or a Cl to C100 group,
preferably a C4 to C20 al kyl group (preferably butyl,
i sobutyl, pentyl hexyl, heptyl, isohexyl, octyl,

i sooctyl, decyl, nony{, dodecyl ) agﬂrgny of R2 to RS
al so may or may not 'pe bound to M oxygen; Mis a
group 3 to grd@e 10 fransition al or | anthanide
netal , preferably > Q metll, preferably Ti, zr
or H; and n ist ence statenof the netal M
preferably 2, 3, \ C%is an abkyl ,Rdal ogen,
benzyl, am de, RS car bamat\e, i ol at e,

hydri de or al koxi de group, or a bond an R group
contai ning a heterogéem whi ch Eﬂ ¢ to R5.
A het eroat om cont ai ni ng group y het'er oat om or
a heteroatom bound to carbon silica por—&not her

bor on,

het eroatom Preferred heteroatons j
al um num silicon, nitrogen, phos‘B#nor us, R¥senic, tin,
| ead, antinmony, oxygen, selenium tellurium

Particularly preferred heteroatons i
ni trogen, oxygen, phosphorus, and sulpﬁ%ggﬁﬁgﬁﬂﬂnre

paghdcint arly preferred heteroatons include oxygen and
nitrogen. The heterocatomitself may be directly bou

d
t Rtisdygteganer a&+te Fgpo SFoupt Prigisyatie 2 prstisey alleyl e greierably a
at om or ~at th o t phenroxide: ri
The het%t &§?§?‘h 8%%% %Eﬁllllﬁgﬁg%{)%)gy rf{\?/: 4c{g)ntqg? n@gln@ (r)h?k yl group,

nor e of preheatdpamentraldif thed gnrolteael may ormay Roeklso be hound to
het er oat om groups i ncl ude i mnes, am nes, oxides,
phosphiMés, ethers, ketenes, oxoazolines

heferar %{19.4 (%)f;ﬁzptrog?aié qleéé&ﬁjzcon'iaﬁﬁiﬂgtahﬁféo at@RdtHeRestldfiR€ to R’ are

Parti cul ar err teroat om groups i ncl ude
i M nes. indepentiewtlyaltydacgemtorR Grtoufaso grayp,froeferably & hg to Cyo alkyl

SICEOWCET O R A AR U

isooctyl, decyl, nonyl, dodecyl ) and any of R? to R also may or may not
be bound to M;

O is oxygen;

M is a group 3 to group 10 transition metal or lanthanide metal, preferably a group
4 metal, preferably Ti, Zr or Hf; and

n is the valence state of the metal M, preferably 2, 3, 4, or 5, Q is an alkyl,
halogen, benzyl, amide, carboxylate, carbamate, thiolate, hydride or
alkoxide group, or a bond to an R group containing a heteroatom which
may be any of R!'to R’
A heteroatom containing group may be any heteroatom or a heteroatom

bound to carbon silica or another heteroatom. Preferred heteroatoms include

boron, aluminum, silicon, nitrogen, phosphorus, arsenic, tin, lead, antimony,

oxygen, selenium, tellurium. Particularly preferred heteroatoms include nitrogen,



In one enbodi mrent any two or nore R groups do not form
a 5 nenbered ring. In a preferred enbodinent, Qis a

whoewdoow4sany of R2 to R5, and the R group thatPCI/US2005/021652
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bound to is a heteroatom containing group. This
invention may al so be practiggd with the catal ysts

di sclosed in EP 0 874 005 Al, which in incorporated by
reference herein. 5. Additional Conpounds The catal yst
conpositi ons used to carry out the invention nay

| B%Y h@xfus Jandeulforniiexesork mamiauhslytprqued hejeroatoms
net a ysts based gn bi dent at.e Jrfl co t%l nicﬂ%th
pyxcﬂlmer@cyﬁﬁn andl migpede his hetgraaiomdtse ©

ﬁeé{o'ﬁ(?& b Cé‘orLft ﬁtag g@'bgﬁlﬁd %mofhrel Q@npé?atorﬂé‘ﬂﬁhaﬂefbound to the

by reference. In one enbodi nent,
t PESRxEd By thd:}mmoainnhs:oatammg proep endyerdntsyn phgeor more of the

f | (Z) XAt (YJ
soeané@:r e oed ér%?w@eé@ﬁ»’n%sq?@” feyeg e AN BRI deT e
b &3 cgyhdéé‘ ﬁh%%hin‘ag'e@heT@*%ﬁenQJ o%a%ﬁﬁgs%ete%dﬁhb@nded
O 'h I'sS a nonoval ent bi val ent, or
t bkali@ss, thioethers, adghellike. aPa‘tlbdmtdbenrelf@Teldlhetﬂli@at@m gmrr@

f X d.Y het to h, X
e R GRS i T e e
Jp e er}lb&‘é §S ¢ $kwifthé R @obps Mey fdiﬁﬁhﬁﬂleﬂng’lﬁﬁﬂi&ues

preferably 2 to 30 carbon atons; Z is bonded to X,
wireoee é’mbothensa’sf twotay NEGe RogTonpeiicved o  fgnembered ring.

E’;if P e R L e A S S

rRANQ & Wd té id Shler0itodn conbdiing grdilpl A is a
b 1 dging group_joined to at | east one of

pr ef er diisinyentioa mayplsaba pigeticed with the gata yﬁtséjé%losﬁa ghER 0
d f M I
eI AP Rt el et M 1 o

option ot he nbodl ment, where X is nitrogen

oP- pho?{:ﬂ% EE % s present. In an enbodi nent, Z

is preferably an aryl ou nor e er abl

subst i tie&ata i}fsworamw Iuﬁg%tr?@a'ér%’g{i %ﬁéweml%ﬂ gay include one

c SnUsefintifoh RetalicRvBREsABed SrbhideRate ligands
%5%1%%% ‘T%gggarrlld Pd2+l 8escr| bedgjlan the articles 5

J @bfmﬁﬂmmg gfridihe or dulendinediidipties, such as those described in U.S. Patent

No. 6,103,657, which is herein incorporated by reference.

In one embodiment, these catalyst compounds are represented by the
formula:

(D)XAL(YT))MQn Ix)
where M is a metal selected from Group 3 to 13 or lanthanide and actinide series
of the Periodic Table of Elements; Q is bonded to M and each Q is a monovalent,
bivalent, or trivalent anion; X and Y are bonded to M; one or more of Xand Y are
heteroatoms, preferably both X and Y are heteroatoms; Y is contained in a
heterocyclic ring J, where J comprises from 2 to 50 non-hydrogen atoms,
preferably 2 to 30 carbon atoms; Z is bonded to X, where Z comprises 1 to 50
non-hydrogen atoms, preferably 1 to 50 carbon atoms, preferably Z is a cyclic
group containing 3 to 50 atoms, preferably 3 to 30 carbon atoms; t is 0 or 1; when

tis 1, A is a bridging group joined to at least one of XY or J, preferably X and J;



and Ni (11)- Based Catal ysts for Pol ynerization of
Et hyl ene and a-Ad efins", J. Am Chem Soc. .1995, 117,

w@2mé®@9ib and Johnson, et al., "Copol yneri zatPCHUS$005/021652

~the activators of t
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Et hyl ene and Propyl ene with Functionalized Vinyl

Mononers by Palladiunm(ll) Catd&l ysts", J. Am Chem

Soc, 1996, 118, 267-268, and WO 96/ 23010 published

August 1, 1996, WD 99/02472, U.S. Patent Nos.

5, 852, 145, 5, 866, 663 and 5, 880, 241, which are all

heq & h of @t hyis amodegeo framel thy¢ depérsliegoe themxadation state of M. In

conpl exes .can, be, ei ther dial kyl her adduct

97 EVBACEER Ve ¥ SuatvEnot pietbel A Hetptignhly Fyanother

Cofh&dififent, "eher6 aX D aiRGEdnY 8f Phobphoforsadhe® T Gs Prédeht. DYn an
f this invention described bel ow.

O érebodinteat, V& is profipahlic iyt [guelp, mheRdireEmbly exabstituted aryl

such as those described in WO 99/50313, which is

i n¥GPBor at ed herein by reference. Also included are

those dir sad@ntangeht] theamaEsoéonsgounBs Bsed@n s Eion include
catal yst co _%nds li scl osed in PCT publications WO
i

9 67RO ¢ VESHH nd PdZ sdeseribaddn dharartiples dghngen, et apeew Pd()-
Co . . 49- . i i 35
B N e

COUR&LNSkE. 3995, 1 %@ 143691 arnd Fokthsén, wehlgl“Copdlgmerization of
con%l exes described . in EP-A2-0 816 384 and U S, Paétengl
NoEthslens 2nd eppylgae svithi Bimctieralized Yind Menagess By Palladium(ID)

re e. rl b , t | 76!

o SEBA60 4 (h 37k SP0 1908, B8, 96708 s CAAN Y10 piipshed
D. Augidt Coiode, Me) 98402472, U.8 nPaBerg NusnB,882 145 S, 860903 ahd,
5478- 5480, ich i.s herein .incorporated.by reference.

g SR e Al et N OB I St g otplexes
deshgiGfhet &iamg fér2atdads, Mtk S A& ol GO6PME AbREibed

by reference. her useful catalysts are described as
bi dih#lyder amyplewes et can e activgied to p gatietsg state by, ths agbivatens of this

No. 5,852 14 jch is incorporated herein by

r SPXFTpTedes %’?Q%tﬁ’%ful cat al yst scont ai ni ng one or
nmore G oupr é@aﬁﬁ%pbﬁﬁdsﬁﬁ_@luﬂ@ﬁﬁ:ﬁe &8 Guti ad/Bose
98/ 46651, which is herein incorporated herein by

r edesembrsein VBO 99/4f)303 1 whickci inperpsratasthereia iiirefgesice-n one

crbo: TR R 51 Bl RS AL BERHTSS, B 0y,

S UpRAYdt RBnpetndéalielosed i PER publietiohh W0 a62B9HlI and WO
97/48735 and Gibson, et al., Chem. Comm., pp. 849-850 (1998), all of which are
herein incorporated by reference.

Other useful catalyst compounds are those Group 5 and 6 metal imido
complexes described in EP-A2-0 816 384 and U.S. Patent No. 5,851,945, which is
incorporated herein by reference. In addition, metallocene catalysts include
bridged bis(arylamido) Group 4 compounds described by D.H. McConville, et al.,
in Organometallics 1195, 14, 5478-5480, which is herein incorporated by
reference. In addition, bridged bis(amido) catalyst compounds are described in
WO 96/27439, which is herein incorporated by reference. Other useful catalysts

are described as bis(hydroxy aromatic nitrogen ligands) in U.S. Patent No.

5,852,146, which is incorporated herein by reference. Other useful catalysts



conposition conponent, preferably the activator
conpound and/or the catal yst conpound, is deposited

womosoasact ed with, vaporized with, bonded t oPCDDS2005/021652
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i ncorporated within, adsorbed or absorbed in, or on, a
support or carrier. The suppopt material is

appropriate material, including any of the

conventional support materials. Preferably the

supported nmaterial is a porous support material, for

eX aéfvhifingt cile@r mdie Ggauy €5 apsind éscladedhosealegaibied in WO 98/46651,
chlorides. Other support nmaterials include resinous
suppishtis hﬂ?mmﬁ¢@0we&§nbbjlrif§teweene functional i zed

or crosslinked organic supports, such as polystyrene

di Bi nyl Shpportsn€apisksasidefacnsiques pol ymeri ¢ conpounds,
zeolites, clays, or any other organic or inorganic
suppor t Imeessmisddimpnt, t}iee:atailylrsecompositiqmimledestm;)poxft maferial

roup of r ferre rt materials are_j nor
gx?‘b‘gﬁ@’l?rhg? P& ngftgcf;ﬁ aguppprteg actgva?qgs Plgr e)i%n ’ttQF catalyst
%g&ﬁoéosﬂ-ir&leco%ﬁ)fn@ﬁ{ Eﬂafﬁ Qﬁé Sotiviyet H(g‘lﬁﬁ)(ﬁinh'aﬁé/or Y Glhlyst

may not be d funmed i ca, alum na
( V@Iﬁ;ﬁtﬁﬂOﬁﬁ)&posﬂeﬂ |onaecaltaqmdm1tla rvdperized Uﬁlﬁs bph@déo;‘ or

O her rts .inc gnesia, tit

71 WeOmPR S P 2o o A BT B spp RS i
5, 965, 477) nmont nori.ll.onite (Euro a{J C@t nt EP- f?h"
511 665)h¢ BrApPrigatierialds @proRitls materia fjcluding agiol e o

(F)’a& Lnthal Fygjgf]t r&?ﬁ@xal@ nﬁre‘f&?olgr 't}ll%esug&ﬁ&l , m&t@fARi 8 %tploﬁﬂﬁ

ese sup materrals nay for exanple,
Si J;uppaftmhﬂtﬂmluﬂbr esarhplegakl norgaaic Q;qldas @ad unougzm'lcac}dnddes
t i ke. Additi.onal ppart mate al s . i.nc
{ nOuT SROREH g Fee s RSt} el o gyrenc,
18 nBlionalf2tE b érﬁséh‘ﬂﬁ&f Dbk @ﬁip s Sduidh Y pd319§ B8 @vinyl
Ot her support naterial s include nanoconposi es as

debmuemnelwblywieﬁa@Tonmlm¢mc7mouaé$, agelitss, glayseg@ny l9tgr prganic

WD 99/ 48605 es Pat ent
noor Boggpeayprahiaiseel il B HRER RS e Bareb T v
99/ 503 1A1grouwéic§feﬁh%d alippoieneielals BEAnDR@anicRttidey that include
reference. |t preferred that the support mat eri al

m§t0®r266e4,a90I19 oaﬁ4|mﬁsaﬂg>asmeé She peeferrpasuapalty nalude sl
T s Ry R0 RO 9 s,

CCdiBcaamdmavedndgRixpaes theteof.sOner usefﬁMpp@nsgmchlﬂe hragnesia,

A Gt ZTa9eis OSBRI TALISF A (U1 PR e S8 Bt 11 om.

abaut - difoRite Btbp AP Gt BP-BLOS11 665), phyllosilicate, zeolites, talc,
clays (U.S. Patent No. 6,034,187) and the like. Also, combinations of these
support materials may be used, for example, silica-chromium, silica-alumina,
silica-titania and the like. Additional support materials may include those porous
acrylic polymers described in EP 0 767 184 B1, which is incorporated herein by
reference. Other support materials include nanocomposites as described in PCT
WO 99/47598, aerogels as described in WO 99/48605, spherulites as described in
U.S. Patent No. 5,972,510 and polymeric beads as described in WO 99/50311,

which are all herein incorporated by reference.



vol une of fromabout 0.5 to about 3.5 cc/g and average
particle size of fromabout 10 to about 200 mm Most

w@e@beowrd y the surface area of the support nmaREr/Us1005/621652
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in the range is fromabout 100 to about 400 nR/g, pore
vol une from about 0.8 to abou3 3.0 cc/g and average
particle size is fromabout 5 to about 100 nm The
average pore size of the carrier of the invention
typically has pore size in the range of from10 to.

| OOOA, Ipisafreferall yhab thet suppdrontatefialy Ajostpidfargsly an inorganic

preferably 75 to ahout 35gA.  The su rt terjal.s nma
bexideeheed SWRERAEAIN jhe PREe LI adetipro a&%ﬁ 38{) wig,_pc%
conpo o [ .
B EE B DRl U P A e M e JAf R bize
ang titaaagt beflomnabburs wxaopl F0W 0Bct8 paZerablys the sfiace area

6 Fa Q08 S e i 1 (ABG OLTPTCOU ©ABE Yar e e
t rAde, D8FRofAUBOR (5§ tMibole3 81/e ﬁl?daa'vleﬁgla BarticRBi £ 3 tom about

Oorpora lon 1S utl |zedo as a nuc eatlng agent or as .a' .
vil9aeaboyt 200i lmle Mdshpiefreatdptle spsfacecanp ofidistsuppart mgterial is in

di d | ow. F d sili ' icall idi
b & evmabout 1036 shom il e R Gt afbat B8 o
beshuld.6 @E/%%Wiab@ragé pRtiBNsireliy Froin 2BBhOF {o0HosHTND fiatTha

maj ority of the surface hydroxyl groups are capped hi
arwtiage peresiati ofshe cartier ¢fithemventiandapigally hasqore sige i the range

F oz Fode FRE ar b lg S S0BR; md B PRI PP,

a phefsoied nmethod of formng a supported catal yst
conposi tion conmponent, the amount of ljquid in which

the actThesupport magarisbsaney betreaiediehegreallve lqnsxpmple Wida
than f.our ti t 1

H3pia8 POl s diFerRiiatn VP YR 2365, PR WARRLD incomporated by
MaRrdicel Otiadlsyppoeted attivdors are ddserited ip fef emmpit WANG@/33792
being from1l.1 times to 3.5 ting r.&ngne] nd nost
pribstaelan i SPHPQI’F?@.bP.r@ ?Q?t%nlf’gﬁ%]é‘i PANGETPHE an .
al terngji, ! fRPRe LB Minent, !T@rn%ﬂ@é aPilableQihag: theWREERame

the actrvator 1s present i s mone to | ess than one
t i o silIMET$ 61 @ availabiefrof Cdvet Sompoeationiatglizesl asutrivcleatay
in formng the supported activator. Proc durg}g for

MEegSirar 8§ atvpfé:o@af Byildspingthg S‘I‘tﬁ]ﬁét_ SMPNF ﬁﬁa‘i"dt below.
aﬁ & ls&liéﬁquf)iéﬁgta%i%r&ith %ia'eé % 1930 ARforters e 8i8e that has
proce I'n" Vol ume

ures 1s-discusse o
been treated with dimethylsilyldichloride such that a majority of the surface

hydroxyl groups are capped. In another embodiment the fumed silica utilized has
a particle size of less than 40microns, preferably less than 20 microns or
preferably less than 10 microns.

In a preferred method of forming a supported catalyst composition
component, the amount of liquid in which the activator is present is in an amount
that is less than four times the pore volume of the support material, more
preferably less than three times, even more preferably less than two times;
preferred ranges being from 1.1 times to 3.5 times range and most preferably in

the 1.2 to 3 times range. In an alternative embodiment, the amount of liquid in



1, Experinental Methods in Catalytic Research
(Academ c Press, 1968) (specifically see pages 67-96).

wabhdios/opoed erred procedure involves the use of BCT/US2005/021652
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cl assi cal BET apparatus for nitrogen absorption.

Anot her nethod well known in 44e art is described in

I nnes, Total Porosity and Particle Density of Fluid
Catalysts By Liquid Titration, Vol. 28, No. 3,

Anal ytical Chem stry 332-334 (March, 1956). C.

Aci/Niah eiesactiRgtoABtpresehi 10 rolde binotdd esEikarpmieytmeesi thaporervolume
cat al yst conpounds useful in this invention can be
acafithsurportimapenal ytibizetipdomgingithy %lpeaﬁ%is{ﬁfﬂaét% aving a
vacant 191%9«5&?1&&%* fﬁ?asﬁ:?'l{ng thddkal ;BEH vohBRE Bf £BéBus spp6ftiare
and pol'ymerize ol efin(sy. For e purposes of this

i nvehkh®m irt the atte DetdiBof ouabdHihesd wockeliiasasidisouskel iarkjolume

oS M s S B s AR e L83
c a(%,]?slc}’f%all %@ﬁ%&g 6?-@6?. ThRk %kéﬁl'r&? loYed®d invBIvedttRls bfa
ca ound. Nonl f | e

on Co mti g activators, or examnp y
i ndtassidel RETmpparaies foralitroganabsaripkigh.s Anpthei methgd well known in

activators, .whj.ch may, be peutral ioni nd .

che Rt e pdmise o atats and Rl S e
ergnal, 5B Yy LighiH XSS VREII8Y Mo08 SARdIftidel ChéraRtly 332334
catal yst activator. Alunbxanes are generally

ol Mpweterli9é6 onpounds cont ai ni ng - Al (R) - Osubunits,

where R is an al kyl group. Exanples of al unpbxanes

i Tl udeAarhtoys anld Unaivatien Md&©ds nodi fi ed

net hyl al unoxane ( MVAO), et hyl al unoxane and

i sobut yiiad pyrpxansatioAlcaratysasaspotmys befidrin this avelxyort daa be
hydrolysis of the respective trial kylalumnum . . .
cREBRIAd In YAVRES Mieys BeYIBlde@odnEyhavng hyAsHE) GPerdinaiion site
Cri IR . . . y . _
B R oy e SRV (7 pAOLS 6P s

S Ghidition] the ddriphativator’ds definesl tabed anp cempowddl vehidl camagtivate
storage. There are a varj et f thads for preparin

ol Trox8 6 therFataRIPPRengS dsrrd BreRL. ?qul-nﬁgﬁe heuirdl
exay i 0y LBSR dabal it SatidRAdoBifoul®. Non-
4?‘%%%’%8%@%%‘5%%%%@?0 1,352, 5%%206,1 199, '5, 204, 419,
4,187Hing 34tivalors 2o 84B8npld, i908de sl3mosagsgalgminung aBpls, BEIng

> avgyitong whizhon boasutial GoahRogid convafional typ@ edditapid:

1. Alumoxanes

et

In one embodiment, alumoxanes activators are utilized as a catalyst
activator. Alumoxanes are generally oligomeric compounds containing -Al(R)-O-
subunits, where R is an alkyl group. Examples of alumoxanes include
methylalumoxane (MAO), modified methylalumoxané (MMAO), ethylalumoxane
and isobutylalumoxane. Alumoxanes may be produced by the hydrolysis of the
respective trialkylaluminum compound. MMAO may be produced by the
hydrolysis of trimethylaluminum and a higher trialkylaluminum such as
triisobutylaluminum. MMAOQO?’s are generally more soluble in aliphatic solvents
and more stable during storage. There are a variety of methods for preparing

alumoxane and modified alumoxanes, non-limiting examples of which are



5,731, 253, 5,731,451, 5,744,656, 5,847,177, 5, 854, 166,
5, 856, 256 and 5, 939, 346 and European publications

WERAN®IE61 476, EP-BI -0 279 586, EP-A-O 594- 2RGr/a8zd05/021652

EP-Bl - O 586 665, and PCT publications WO 94/10180 and
WO 99/ 15534, all of which aregherein fully

i ncorporated by reference. Another alunoxane is a
nodi fi ed net hyl al unoxane (MMAO) cocatal yst type 3A
(comrercially avail able from Akzo Chemicals, Inc.
UNG&QErib&ein U BdPatBfTo. Moghis{d0804 ¥62 530,58, 091086218,206,099,3A,
covered under patent nunber US 5,041 ,584). Al um num
Al &204,81 9,048tk 6, 4,92 A0MS.CeMFetFd 4, 90Ri8EH, BiS, 5,329,032,

U $Z%§§ﬁ&f%%ﬁ@ﬁ# ChELA %jé%i%q@%% %3%#??5{5?%%"3@“ §1693,838,

hexyk pb sl 5178 4511 5,704,666,Y3, 4 AT T 8[8531166 1 3)856,2360and 3,939,346
lonizing Activators It is within the sco

| rarkBoncarpbbestions E8ri) 3 516, BEd CACSGERITE-A-D 594215
R e Pa S P BT e B v O b e Wy b ssaa,

t r bSPeich latoliepein Sulyy inberporntétEs ytdfertrtep rAamities aluntyxafie is a

trisperfluoronaphtyl boron netalloid precursor, . .

pompddicd gerihyladumeties (HHARL cestally ARG oEcrmusgiplly available

bogb & od(glgelﬂ'léal AL SRleNe tradgﬂgmél ﬁ/ﬁ))d'i?é'dhlﬁ@ﬁﬁ?iaﬂﬁﬁéa&ﬂe type
I |sanovv|t?1 p %tIS

t hereof. In the scope o nventi on

10 t 03 Ais@vesdtundbr matent anmberdld s i5yHtl cfi8d).al one or in
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conbi nation w th aJ unoxane. or. nodi fied al unoxane oy

ot var O AL S AP SCBOHR G ED ey be utilized as
act i\ atodd Sichie bt hiumiHRe! ifedty2uRahen ritsehdtithivdihum, tri-
alumnum gal i umand i ndium or "'m xtures thereof. The

t hu-hexyslostinumognitn-getplapsniane addhe likelependent | y

sel ected from al kyls, al kenyls, hal ogen, substituted

alkyl s, Ionizthg Acvagdrbal i des, al koxy and hal i des.
Preferably, the three groups are i ndependently

sel ect ed i§ wamnA¢ 8998 of TR RVertiditotuse ¥ iontzifd aodteidhidghetric
hal osubstituted) aryls, alkyls, and al kenyl conpounds
anattiviter,uresak arderaefsucky a%%&irl@ayla ABIIRERRtrakiSoups

hayi 11 '
DobeARgER B R RIFR 3 B norBriyl BHRRABY flderhsbira
at @idperfnSroatpttyldopsipmetaiividgedirsa, 26lykaogroated hewsoborane
AR B Rt oLt
OrguRss RNV withARhdYopeor Midi¥ERfon to use neutral or ionic

activators alone or in combination with alumoxane or modified alumoxane

activators.

Examples of neutral stoichiometric activators include tri-substituted boron,
tellurium, aluminum, gallium and indium or mixtures thereof. The three
substituent groups are each independently selected from alkyls, alkenyls, halogen,
substituted alkyls, aryls, arylhalides, alkoxy and halides. Preferably, the three
groups are independently selected from halogen, mono or multicyclic (including
halosubstituted) aryls, alkyls, and alkenyl compounds and mixtures thereof,
preferred are alkenyl groups having 1 to 20 carbon atoms, alkyl groups having 1
to 20 carbon atoms, alkoxy groups having 1 to 20 carbon atoms and aryl groups

having 3 to 20 carbon atoms (including substituted aryls). More preferably, the



thereof. Even nore preferably, the three groups are
hal ogenated, preferably fluorinated, aryl groups. Most

wpe@beord y, the neutral stoichionetric activapOr/UB®05/021652
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trisperfluorophenyl boron or trisperfluoronapthyl

boron. "Substituted alkyl" refgers to an al kyl as
described in which one or nore hydrogen atons of the

al kyl is replaced by another group such as a hal ogen,
aryl, substituted aryl, cycloal kyl, substituted

C e gl dtipk aredlllyle davingdttd dreartoheranss, plténah‘phpihybcﬁr mixtures
substituted al kyls_ include, for exam

|
t therpefo yieRmRgE Pasfarable theithese eTps @reslt %?@Hﬁfsﬁeﬁfﬁe&ably
o%ﬂ%t%é,r ﬁgg%&ﬂﬁéj MO r%ﬁ%@v\meﬁ&uﬁﬁf étéﬁ%hiBﬁi%h‘?d"achQﬁtor is

ate but not coordi nat ed
thspérﬂmbyhdntbe@ﬂon otzmspdrﬂmtceﬂpthyl beror. r emmi ni ng i on

e Qs SubHaUeH BT GaA FLARY CRUCHHDORE: RHighars cogre
EE@ g g%&%&%ﬁ tg%glk‘g&@ A@%éczegﬁoa&ﬁﬁleggrd Q&%@Qﬁ %halogen aryl,

Ncsabstﬁuﬂ:& anyl 5 cldalkyd Subeitnted cOE 6alkHll ancsgm‘ﬁp_a_m;s thereof
5,241, 025, 5 334, 29 nd 5,5 124 U. S.. .Pat ent
s sabsiiieg AN RIS doLasmY etk e g eyl and
Q$4hk@|| of which are herein fully incorporated by
erence. In a preferred enbodi nent, the
st oi chi Iomtstmdnamtetnpaﬁcumor mnmdan@mcmﬁlwcaﬁe proton, or

ani on ent b

f &Ppug\ﬂcf ?rheﬁsgcl %E mggj rto 8or?1rg§g)%dco o otntisﬁlooEel?/
arboBﬁHﬁa{téd toLﬁiM r%nﬁaﬁleg jokl dfﬂaefiysﬂi’zﬁ@&fcbmp(ohndﬂ) S‘udlﬁcoanpounds
Bronsted acid Ad~ i S non-coordi natin Pg ani on havi

t had dhralikpearg desagibed in Etl@@é?n Pybdigpons E3A-OriE) 284, FgnA-0 520
COIRORBIK  4ols 3P IEi HRY sbfShydB- RIODFF 665 At #S-ASHh7 864,

and U.S. Patent Nos. 5,153,157, 5,198,401, 5,066,741, 5,206,197, 5,241,025,
5,384,299 and 5,502,124 and U.S. Patent Application Serial No. 08/285,380, filed

August 3, 1994, all of which are herein fully incorporated by reference.

In a preferred embodiment, the stoichiometric activators include a cation

and an anion component, and may be represented by the following formula:
(L-H)s (AT X)
wherein:
L is an neutral Lewis base;
H is hydrogen;
(L-H)" is a Bronsted acid
A% is a non-coordinating anion having the charge d-
d is an integer from 1 to 3.

The cation component, (L-H);" may include Bronsted acids such as
protons or protonated Lewis bases or reducible Catalysts capable of protonating or
abstracting a moiety, such as an akyl or aryl, from the bulky ligand metallocene or
Group 15 containing transition metal catalyst precursor, resulting in a cationic

transition metal species.



protons or protonated Lew s bases or reducible
Cat al ysts capabl e of protonating or abstracting a

worpioeny94such as an akyl or aryl, fromthe bul RgT/Usmasme1652

netal | ocene or Group 15 containing transition netal

catal yst precursor, resulting7n a cationic transition
nmet al species. The activating cation (L-H a+t may be a
Bronsted aci d, capable of donating a proton to the
transition netal catalytic precursor resulting in a

t ransi t Teadtightihg CaiomQD-H)dhﬁlhjn de b Bramst@hadidieapable of donating
oxoni uns hosphoni uns, silyliunms and m_ xtures

t Heprotsm t%ﬁ%?rémsatmrym giahenta! PISPUTRRSTTRSIIERG et rapitiop aetal

di égﬁgﬂylkgﬁhﬁlg an?‘h Héﬁ% a?nl%ﬁnes'\'plg@%)gq k) éllﬁﬁl’lms and mixtures
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b N5Ndi et i |
S @é@%mmnmeﬁéhﬁwﬂ?ﬁ h?p%snylﬁﬁwgpﬁw%ﬂ@nf%methylmmne

LR BASRID nciby MARERY LSRN IR, pAme 1 N-
i Qxgng.. suL1 ol ume 11 Ot Bl get b W*v“‘zfgﬁmgfwg,agg
¢ HPBEY §PL1% éﬁng{&i}aw&m @;ﬁn@nﬁe Inhosp pg,,roggmlm%/s from

”b?ﬁe%@éuchm%ﬁe ;y}/é}héﬂﬁetﬁ?ltéﬂ%? fetratilo fhrdiPandalisQmbe an
abstracti ng noi e such as sil ver, car boni uns,

t rscuifyhuums; frcma rtliuecth@mssuCh e diethyhihionthexs dndriekreliydssthiophene

f d f
BB BER]aThe T B LG (ET0: iy G bre ehpistine
f QH&@@%Eh As hl![kfelr l&ﬂﬁon‘im Erop iR L atthidrey, Retkdeniums and

] d~ wherein k is an integer from1lto 3; nis
| nne:@erss preferablygearhpniumgs andgfeypeanivms. eMogtpreresaily G- Hdd is
o) f the Periodic Table of the El enents,
rggié?nggfgﬁbélg}l%ln or alum num and Q is independently
hy dri der hdmmaig@ﬂnwneﬂmﬂ‘i" itheids ciose kyviagittoforthalai [Né‘LQn]

al koxi de, yl oxi de, {drocarbyl substi tuted
hwaheé@arlw ran mgg%ém) 0 3 ASSRIRIEEF TR Pofs Aty T & Mg an

haél%éﬁ? %&1&&9& ﬁ%nm;sﬂcrvk}gt ar Phe Pé}ﬂidﬁ?‘i“a%lﬁ apid F@exﬂ@%ﬁg)?%ﬁfébly

car at ons the provi so t I n not
t hfonlorademinuen cad |@1s@<haplamde|ntlp ahpdele rbaﬂdgyd oemﬂalmd@:d s

e S DY hoca il Qg heving 1o, 20 carben

9"f3¥Rarbyl, substituted halocarbyl, and halosubstituted-hydrocarby! radicals, said
Q having up to 20 carbon atoms with the proviso that in not more than 1
occurrence is Q a halide. Preferably, each Q is a fluorinated hydrocarbyl group
having 1 to 20 carbon atoms, more preferably each Q is a fluorinated aryl group,
and most preferably each Q is a pentafluoryl aryl group. Examples of suitable A%
also include diboron compounds as disclosed in U.S. Pat. No. 5,447,895, which is
fully incorporated herein by reference.

Most preferably, the ionic stoichiometric activator (L-H)¢"+(A%) is N,N-
dimethylanilinium tetra(perfluorophenyl)borate or triphenylcarbenium
tetra(perfluorophenyl)borate.

In one embodiment, an activation method using ionizing ionic compounds

not containing an active proton but capable of producing a bulky ligand



and nost preferably each Qis a pentafluoryl aryl
group. Exanples of suitable Ad al so include diboron

W@ vpowds as disclosed in U S, Pat. No. 5,447p@RES2005/021652
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which is fully incorporated herein by reference. Mst
preferably, the ionic stoichiggnetric activator (L-H)d

+ (Ad ) is N5Ndi nethylanilinium
tetra(perfluorophenyl)borate or triphenyl carbeni um
tetra(perfluorophenyl)borate. In one enbodi nent, an
agddial RiceRd\cati i eatictbariotheid hbZicogrdimating ationprewdkds not
containing an active_proton but capabl e of g%ogéjci r&gUaS
bapmgmipiageth andergidesraibed 2 EPahy@ 42¢ 81 1 & -ant > (haY+ and U.S.

ngn- di | )| : nd are

o diefP g PR apf xR Aot BSARHGRERERSRndN BS
Pat ent ...5,387.568, which are all herein

i Acor pdAr'\‘g]_t'téQilag qu\%a?%‘) ence. 3. Additional Activators

Sﬂgff e o s insiude Bk AL (él’blligat’llaocn-zrw_o 98/07515
Fonaf - phen _ . ’ : . .

S e B 2 el AR Bl luchiah T ieR B RIa6f i
Ceiutby inadipormeddierain biyrefermse.aCombimstionofiagtpitonsare dgo

the inventjon, for exanple, alumxanes and .ioni zin .
eoreaprad Piibe G R Bn Starle TRoa s i ok ghfitors in
5Z§nﬂ,3ﬁtiof§1ee%¥> L4 A@1e,0m B0 974 @@P@T?ﬂdlimoaéme%ms
and U 'S. Patent Nos. 5,153,157 and 5, 453,410 al|l of
whind WV @196/14644amd Uifl. PatenhNos. ot 38 B angd 5468t 8mdleof which are

her i t.abl e atct évatgf%res are di scl osed in WD
98P ,}'1??95%?:689 Ve R ®i n by reference, which

descr i gRBeragitibiahitiatds bieydisdigRn tn WO aB/008%H) énooaicaitydt
conmpounds with perchl orates, periodates and iagldat es

i heteirdb s ferpedes Whiddgs@ihes wesivging bl ligand morayisrgssemlyst
R e S

asy O\WBr3n602 afid %O YBKY603,dacwporated ibyaetereace, atesdripstthe use of

conpound. WO 99/18135, incorporated herein by

r ditfewar(@ 2’ -bisphemilisimetiyltleateyr4 bHE 45 80 PG ApimbHkm
acitivators, EP-Bl-0O 7 9 ' S .
eyt Bl o SRR A (O L83 Mot ey o

C edrphid)ldescribeothe uht 6Dorgamé-bors-afimamin acdiivators. SEEB a8 781

usi n% radi ation (see EPBI - .. ) .
299 describes using a silylium salt in combination with a non-coordinating

compatible anion. Also, methods of activation such as using radiation (see EP-

B1-0 615 981 herein incorporated by reference), electro-chemical oxidation, and
the like are also contemplated as activating methods for the purposes of rendering
the neutral bulky ligand metallocene catalyst compound or precursor to a bulky
ligand metallocene cation capable of polymerizing olefins. Other activators or
methods for activating a bulky ligand metallocene catalyst compound are
described in for example, U.S. Patent Nos. 5,849,852, 5,859,653 and 5,869,723
and WO 98/32775, WO 99/42467 (dioctadecylmethylammonium-
bis(tris(pentafluorophenyl)borane) benzimidazolide), which are herein
incorporated by reference.

Another suitable ion forming, activating cocatalyst comprises a salt of a

cationic oxidizing agent and a noncoordinating, compatible anion represented by



O 615 981 herein incorporated by reference),
el ectro-chem cal oxidation, and the |like are al so

w@ewbeomkat ed as activating nmethods for the puP@DEEN0H021652

~are herein incorporat.ged
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rendering the neutral bul ky Iigand netall ocene
catal yst conpound or precurso#9to a bul ky |igand
net al | ocene cati on capabl e of polynerizing ol efins.
O her activators or nmethods for activating a bul ky

Iigfnd netallogene catal yst conpound are described in,
f othedraane (O % (A% averauwOXE 182 gatipgic ogdighw agent haying a

?a&%gge;%é%@ P%E:{a\%}))}%tg/ 3 7o|7r€ r‘lrt’g%)/\? ( agn%/ ﬂ;%g& d are as previously defined.

t r EpdrpgIes of tationnixediying hssas ik identirstdara) ydedcarbyh ch
reference. Another syitable

i osubsBRchgIToeRIIm AL A T BbZ aPmfowed erbesiimstts of As Are thope

SR 2 R I o g e

) eespetigll e tetiakikpehtaiflaophatylporate.oxi di zi ng agent havi ng

a charge of .e+; e is an, i_nt%%gr from1l to 3; and A_,

and d aMevighin freesorraud thisdaysniien thatcaialyrecompoupds fagec

0oX A - . . d
T
Pr ¢dserib&batewboHonentpleh cAthbinatioa of hasmtanhasrisen described in

Prexd %ﬁfehéNggti,&gfa‘%nﬂé;%gg 10, ﬁi;r%pteahnepu%rliggt?(}negP-%Cli 573
f) fii{(ﬁ khe ﬁ’@‘%ﬁu@ﬁiwﬁfn@ RPe /07008 ah&wd bsMisbii. NThE dSE@Rts

I's Invention that catal yst conmpounds can be

c oatbilisedss e ise@ien elummxere awt dnvieniing astiveioewitha ey lagand
nor e ctivat%&n net hods descri bed above. For exanpl e,

a DSRHPHEREBRIGT CQeRIW Mt or s has been described in U S,
Pat ent Nos. 5,153, 157 and 5, 453, 410, European

publ i cabvOTied AStIVefoss73 120, and PCT publications WO

94/ 07928 and WD 95/ 14044. These docunents all discuss
the useMshy SwpRerighBsiiyaora ate dascrikadin vAGousaItsHR 14 wi t h

< B0, TFLRE PRl sohsasmaus e i

desigpbhedloligonyaic aiidalpaiioxase frthef biyltieating otrinllylalominum

£ OV EFoan S DT YBIEIS LSRN Ao LR eRET A 143

e

5, WA Pakat No. 5,731,451 relates to a process for making a supported alumoxane
by oxygenation with a trialkylsiloxy moiety; U.S. Patent No. 5,856,255 discusses
forming a supported auxiliary catalyst (alumoxane or organoboron compound) at
elevated temperatures and pressures; U.S. Patent No. 5,739,368 discusses a
process of heat treating alumoxane and placing it on a support; EP-A-0 545 152
relates to adding a metallocene to a supported alumoxane and adding more
methylalumoxane; U.S. Patent Nos. 5,756,416 and 6,028,151 discuss a catalyst
composition of a alumoxane impregnated support and a metallocene and a bulky
aluminum alkyl and methylalumoxane; EP-B1-0 662 979 discusses the use of a
metallocene with a catalyst support of silica reacted with alumoxane; PCT WO

96/16092 relates to a heated support treated with alumoxane and washing to

remove unfixed alumoxane; U.S. Patent Nos. 4,912,075, 4,937,301, 5,008,228,



di scusses a supported net hyl al unoxane nade using a
non- hydrol ytic process; U S. Patent No. 5,731,451

WO edoae®49 0 a process for nmaking a supported aPCIDIZNF021652
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by oxygenation with a trial kylsiloxy noiety; US.

Patent No. 5,856, 255 di scusses) form ng a supported

auxi liary catal yst (al unoxane or organoboron conpound)
at elevated tenperatures and pressures; U S. Patent

No. 5,739, 368 di scusses a process of heat treating

al 310360085 amw,999,a4c;$71g7051; 5009 a7$,m9935;19,7, EP3A2T adb5,052,475,
relates to ad g$a met al | ocene to a port ed

amﬁd%@wvgr?&%a aY dirsrted tpcadding- RS % etcua 8IPPeKed nt
4
Co%ggé;tpf LTy ﬂ%ea 0.8 & 8287630tk %&ya%pggne&% Vafdr having a

ion o foxane I npr egna support an

medpatikied dixerimnidnafatinkoxand mmth&umcﬁlplagliclﬁsnﬂ S. Patent No.
rre t hyl al unbxane; EP-BlI -0 662 979 di scusses the_use 06
& O2orelates i ages PRPAISAACTINEppHIG addnes metaljocene; U.S.

t /
h:%\ L SgistdaslouBAAE oBlche M2oRii ARG Rk ElcanA i uting 2

unoxane and washi ng
r e Bocent) B2 0 7dl7 430 ¥dne]atds.t&a p%Mmﬁgmmew,lng@,e@)ﬁa

5 siposriepgelyphnagne s gyl it KD 49410 4 g

288 2 8Hp Rt dei %@EF%@NIOO@BQ diRedt
!ﬁ?é‘%ﬁétef‘%é‘??lé‘ég‘&a (B RLeB Bl 5,902, 766 rel ates |

t q)oaymexm;pmpn @docass mm a)metaﬁocqmg aad gp@gﬁmraé@mmulm compound,

di st.r i on x@ane on t c

U SR e B e RRASoS P platfa St £8eREC ElfiTimonar

aOLtJ'sVPst%ﬁt RH G, @ﬂzizzmchacum @hd @RI, suisbo‘ﬁtedaahﬁmanu@nd a
968, 864 di scusses treati ng a solid wth al unox

rrdetamqe@d@@i‘mgd@m&ﬂﬁllen@b%ﬁ@é polymeys; 143 Ratent AYo. |5s92§t7é?§

I
liftyPaes S b At pIERE L ORGA RopSHARRE b Bffcopiuym
di soedpoe0s ahd 8 wisd- 1ﬁ§oh&blﬂptbr@h$ megmlmddapmhmmﬂ}eﬁeated with

activator; EP-B2-0 170 059 relates to a ggﬂ ynerization
pr&i@@@sﬁﬂ?spﬁg PatenbNgt P.9EQAE3 TekiesloSRIQTRSS HATpReRITINgR catalyst

tr Fﬁgﬁ(ﬁ@ﬁy X@hﬁ{'}l%va cont%ﬁ’ﬁ?ﬁ%&gﬁ{)ﬁgo@wﬁ%@e%t ent

quol}'z'fuﬁdtﬂmﬁB&rgdhis cosssksket;Hé S(Ratend Noa, xmoma, &clt73,028,

alunnxane and a Il ocene for prod C|n
L. 1 400 s sestes doragess B ok neb iRPL L Beyater
P%lé{é}@ fﬂ&%ﬁﬁxﬁa 09519{%1%§§né"s%ﬂd1ﬂ)nf?is 54 it GRIRRBOBkunRfofdhe

zi rconi um conpound and a water-insol ubl e porous
i rmpgrarnrrratmai W 9802 Hioraciibsgs silieatrediedumith agiolntior gaptaining

gragﬁﬁ%}gi%:?gn QS 1aomé1tgﬁocen!3 AyePod 03 BORERESIS tHeWse of a

supported alumoxane and a metallocene; EP-A1-0 953 581 discloses a

heterogeneous catalytic system of a supported alumoxane and a metallocene; U.S.
Patent No. 5,015,749 discusses a process for preparing a polyhydrocarbyl-
alumoxane using a porous organic or inorganic imbiber material; U.S. Patent Nos.
5,446,001 and 5,534,474 relates to a process for preparing one or more
alkylaluminoxanes immobilized on a solid, particulate inert support; and EP-A1-0
819 706 relates to a process for preparing a solid silica treated with alumoxane.
Also, the following articles, also fully incorporated herein by reference for

purposes of disclosing useful supported activators and methods for their



support by conbining a dehydrated support material, an
al unoxane and a pol yfuncti onal organic crosslinker;

wal2®sPetoent Nos. 5, 332, 706, 5,473,028, 5, 602, 06FCHOS2005/021652

10

15

20

25

30

5,420, 220 di scusses a process for making a supported
activator where the vol une ofsjal unbxane solution is

| ess than the pore volune of the support material; WO
98/ 02246 discusses silica treated with a sol ution
contai ning a source of alumnumand a netall ocene; WO

99 D3RRl RichidesW. Kahlifskyse a0f “Rolgmipaationds Stwmmmle
and a netal | ocene; EP-Al -0 953 581 discl os

hSupparteshielfSandvishyanplexes druar! &f BUBpET dgnce, Vol. 37,
2 ER5A0E (M) BedlRb | EEAE o bBinifizth B Ml to 2

s a pro
PRlpydreiotienict Hyahe aaxstion ¢$ Iﬁgatzﬁlopaieg l]ﬁntnrgg‘&um,| et abr

BB Top eirelials Row PROHEaS ol h Spar g TR
o P fr bt SR ARl TR s R RS B ed sitiea”

t ERofATRAFMEQSoupE BT (1090)al 286411284 sdibdusses ttheesead silica h
al unoxane. Al so, thefollovmn I"[ICé ?éz;g_lfulla){

i rsatep ovith wathylalemexaps PR BIEHIOE S Bﬁ}eﬁ €gs ot

digel Gsd RASEsLY clﬁféﬂ)?l@gﬁeeﬁ) V@ﬁ&ﬁ%@ﬁ)ﬁ %ﬁtaﬂ@ﬂm@%ﬁ%&i hGQhe

the| fpreparation, Inc Kam nsk
I?@ésyp@rbuz gilicain l\d)Q‘JMSN);’r’ Ehemvi ommsu, pyb%@ft éﬁi% (1997) discloses an

HaI f I p

b sdgn 088 of 1960 b e Ppu s B REUE PGp i Pl
ad?PJ O IR Eﬁ%kl@h\‘lﬁ@ﬂ‘?fﬁl ppBrtéd Ma@gw&né/pM@wmms
the sorption of a netallocene, Junting Xu, et
thaetamAaalvmatan@Maﬁiﬁhms’étlmalcofd’abywe%‘gﬁnéﬁé/ Vr %%98’#402
Slﬂg‘gg{dg%hh L3l é)‘?l tlip‘(,lﬁll ndeny & &ﬁ&doﬂitlmgh?m&mog&e.

AT etrea ed si

Re BRINOMR diséQsted & thes%&efei@ﬁgé arl:i@@fullﬂﬁéroducmg the
d| scusses the use of silica treated wt

muhmrmdMX@tﬁéctaﬁ@Pr@nWﬁﬂ@P@ ab@ﬁ@atabtsbwsmarqféhe et

DRl msene £ e

MCM 41,11 afbier erbodimment, thk30ppat@dGe(itaer pudi sscuppetedan
i mobi | i zed al unoxane on_a nodified neso 1{?0 ous.sili

lica;
armdpEorREs; isjaged for g[period pf &p pgﬁretopgpm QT rsf?relzncla %ﬁaase
t RERHANRIRRALE £ MelGR 10CRAS/MAO 1 GaiRb Bled Hireiftye

yS| S a r’\g, Jour nal Pol yner Sci ence,
VQbfere313e2393 2402 (1995) di scusses u3| ng a

met hyl allnléurlme)lgl 0 1merP the tsfp%o?tle acgtlvaW)r isinh d P 0GERSstid. In

another embodiment, the supported activator is in a substantially dry state or a

shurry, preferably in a mineral oil slurry.

In another embodiment, two or more separately supported activators are
used, or alternatively, two or more different activators on a single support are
used.

In another embodiment, the support material, preferably partially or totally
dehydrated support material, preferably 200°C to 600°C dehydrated silica, is then
contacted with an organoaluminum or alumoxane compound. Preferably in an

embodiment where an organoaluminum compound is used, the activator is formed



Any of the nmethods discussed in these references are
useful for producing the supported activator conponent

wWa@iRiokioa®®dd i N t he catal yst conposition of the |POUBOB1005021652
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and all are incorporated herein by reference. In

anot her enbodi nent, the supposi ed activator, such as
supported al unoxane, is aged for a period of tine
prior to use herein. For reference please refer to
U.S. Patent Nos. 5,468,702 and 5, 602,217, incorporated

hah Qith oRyanki & glegupsort natepinl &bedilmefthe rdabgorsol) farexewdple,
activator is in a dried state or a solid. In another

ertbowtindaluminuge a8 |ppisFt ed activator is in a
b i al . . . i .
subst an | a%olt%f %?9&5%%& 1%y %E%ﬁ%téﬁr%sﬁl}ﬁ&&biﬁ réa'ateﬁrvgth a

m ner al ol anot her two or np

S efafl it abiivatsHip Gsrned s@porianded caslgstusmpowat. The Lewis base
alternatively, two or nore different actjvators on Eﬁ
sihygraxyd gppoF of sile yssyemphryabmpialmeizioy; Whepfthis
su r 3 ; r Tt 3 - 1 .
SRR pEROEEATle o RREDE B, PAE EopiheAl Rl fps
d ghyeht Ne @, 197) 1178 awhich id Ieeindoetrpartied byir¢fareace.

or ganoal um num gr al unpxane .conpound. Pref erabl
enbodi rfgter %B?cgméﬂts#gwglwqﬁ%ﬁﬂve@ﬁ%é%m%&dﬁ%@&-eiﬁatent

t f}@o.aﬂ%ﬂ@ﬁ? bk sﬁlp?(c%éfﬁ Abnédordifiti hidrR dbAfeSHBRON t

materral "as'a resu the reaction of, for exanple,
t rtrismerfiybrabbenyhbonoant: dwetebed; LhS diatenh &lo. £,60%3,84 Trdiscuysses the

i's. base: i ni d with a.
caraigBoT Gt i brtabe oSSR A s afipeend
COITRAHSE thd RACEEV SiriBFs SubbsBR&ENY bodh GkiASsiRholSirbhssa iy €

exenplary of netal/netalloid oxides where this method
ofhydomyil srpups obsifepn sesultingdinbound prignespable A€ protenating

d i bed U.S. Patent 73, Whi.ch i .
ndrerirorRon soedioair e bbby d ot LS St actye
SURABAKS ddtaitcrbaRatéMAL OE bated sEsas; inedbilized)GroupPalLe Chtalyst

No. 5,427,991, where supported non-coordinating_ani ons
denatalysts uiighietfer ehacplionie opharsrizatiensare drseribriary Selatent

U5y, TR0 M S P thudl 9612 958, Khe PreRGOTIRh, Vol

conpounds "w th al oxides "such as
sidd, ¢e0RNT5G7 (1981); ddsesibésithe bidimtjobymarzation utility of

RS umexan (M AE) restied with hich (S inddh R Seehtd ha
describes a covalent bonding of the aluminum atom to the silica through an
oxygen atom in the surface hydroxyl groups of the silica.

In a preferred embodiment, a supported activator is formed by preparing in
an agitated, and temperature and pressure controlled vessel a solution of the
activator and a suitable solvent, then adding the support material at temperatures
from 0°C to 100°C, contacting the support with the activator solution for up to 24
hours, then using a combination of heat and pressure to remove the solvent to
produce a free flowing powder. Temperatures can range from 40 to 120°C and
pressures from 5 psia to 20 psia (34.5 to 138kPa). An inert gas sweep can also be
used in assist in removing solvent. Alternate orders of addition, such as slurrying

the support material in an appropriate solvent then adding the activator, can be

used.



hydr oxyl groups of silicon) resulting in bound anions
capabl e of protonating transition netal organonetallic

W@ 200a0§®89 conpounds to form catal ytically actiRe€I/US2005/021652
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cations counter-bal anced by the bound ani ons;

i mobilized Goup Il A Catal ys3 catal ysts suitable for
carbocationic polynerizations are described in U S
Patent No. 5,288,677; and Janes CW Chien, Jour. Poly.
Sd: PtA: Poly. Chem Vol. 29, 1603 - 1607 (1991),

descr i bhsardtiger ehbbiimemo h yamportziatomhingd iithtope of more activators

e R R
al famea;gﬁ@iéiig %xgain%@ lwﬂ théhi 4@5@%@ AR RN PR el TS Bm

the surface hydroxyl groups of the silica. Inh a
prafpported mettyd diumentne. Prefepghdy b egppacttis vembined withalureolkane,

by preparing in i tated nd.te rature angd .
o haed 8l e PRetClnuupay o P dlsur i3 e neign
anglyéntis. t abl e sol vent, then adding the support
material at tenperatures from QOC to 100C, contacting

t sup, i.th the activator solution for up to 24
hgjé'rs, ?ﬁgeattnal stlgng a conbi nati on of heat and pressure

I d e i
pouder - Csetmens ey S8 ReR aRERe T Sy g Rl one or

PraseWorstalys@reprefmiad tyotheGompgilé (34.5 to 138kPa). An
inert gas sweep can al so_be used.in assist in renoving

solvent. Alternate order Mdf EdHitd-on, such as
I o | \ . _
S| WEEUORS0E RURPRGH GRUBN @ 3 ba 38 18RRI ARAE Feflodic Table of

VEn I'ng , can be use
anplelmentse Mo arandtal sofsGroppr T of shec Beridie @ ablet df Blements; v is a

nore actjvators and _i,S spr dried to forma supported ;.
A cRRRar §Fom Do 1; FeBPers aby BRIBERH: fa @ MURBREOD: § [0 Gagh R is
corhj j ot . hed:d 9

P e e AL AT ST BRLBR: LR FRESY SEcid & and

i swheraini bméhusictib atleastd x &iber opventiodal-type argdnometallic cocatalyst
to forma slurr.y usef

R e o o TP P BULPA e sl dae he

berousigt MATR! §hérg NioisthGeoup MENEA OB icd GITAGR@N SueH as lithium,

more cocatalysts represented by the fornula: MSMWA i
sodium, beryllium, barium, boron, aluminum, zinc, cadmium, and gallium; k
equals 1, 2 or 3 depending upon the valency of M? which valency in turn normally
depends upon the particular Group to which M? belongs; and each R? may be any
monovalent hydrocarbon radical.

Non-limiting examples of conventional-type organometallic cocatalyst

compounds useful with the conventional-type catalyst compounds described
above include methyllithium, butyllithium, dihexylmercury, butylmagnesium,
diethylcadmium, benzylpotassium, diethylzinc, tri-n-butylaluminum, diisobutyl
ethylboron, diethylcadmium, di-n-butylzinc and tri-n-amylboron, and, in
particular, the aluminum alkyls, such as tri-hexyl-aluminum, triethylaluminum,
trimethylaluminum, and tri-isobutylaluminum. Other conventional-type
cocatalyst compounds include mono-organohalides and hydrides of Group 2

metals, and mono- or di-organohalides and hydrides of Group 3 and 13 metals.

Non-limiting examples of such conventional-type cocatalyst compounds include



vX2 cR3 b-c , wherein MBis a netal fromGoup 1 to 3
and 12 to 13 of the Periodic Table of Elenents; M4 is
wa@200et084949f Group 1 of the Periodic Table of BEPENER1085/021652

v is a nunber fromO to 1; each X2 is any hal ogen; c

is a nunber fromO to 3; eachsB3 is a nonoval ent

hydr ocar bon radi cal or hydrogen; b is a nunber from1l

to 4; and wherein b minus c is at least 1. Qher
conventional -type organonetal | ic cocatal yst conmpounds

f orditisvduahduminmn bemtideisdbutyjipeon dehloride.anethgl mbgnesium

" A chlaFide, #hRbGR ieR AR e AT Srorick; friso SR i
ber}%ﬁr}ﬂ&?ﬂé{%etﬁﬁ@ : dPde, @léﬂiﬂb@fﬂfﬂhgg}iﬁ&’heﬁ?}% iRm 89&kide,

_gal equals 1, 2 or 3 dependi upon e “val enCy
of difgopyibotondgidedeyoctyimbgresiunohyrddeybudplpindyduggn t he

SEhanieBaeao Ryt e R s R AP TR i,
eX kBt RHal-6R BRI ARSI d0REtaBEOARRITMAL hie&nown to those in

cocat al yst caonpounds useful w t'h the conventional -type
cattle ar$ and @ mpoe cetepldtesiiscubsich efitbess complounids may be found in U.S.

gﬁ?@?‘%ﬁ‘gg‘?@g%’&@ %{d#y@d(}géglﬂ \Jﬁ,]lc %‘)é%i}%?%ﬁgg grfcamorated by
di etfaydnéenc, tri-n-butylal um num diisobutyl

et hyl boron, diethyl cadm um di-n-butylzinc and
trign-a A nfstd N particular, the alum num
10t Mg %@ﬁb Bd Cafafhsts

al kyl s, as tri-hexyl-alum num triethylal um num
trimeth ] t fl -l ] : r :
convent b aay B fBodRey, i ARt RE BtPlindl AEkombined
NDRthosuPpo hddtérikdE) anidorigtivitogs) anfl sfiagudpied. betmdtser and
rlrg gg%)pg{rggﬂtaﬁg% gﬁ?@ﬁo};&%ﬁg&%@ %5# gcgiifetg];s acrira ggl%bl%eg quth a
co j . : t AReLHg :
el PRl MR of PRGN DI FRRUN TG then oy dred
15di phdferabljeto fonet hfitee ftegmesspamdechl or i de, et hyl beryl | i um
chloride, ethyl cal cium brom de, .di-isoputylal.um nu
Pyl | de SPIFSt TSR RGP EES KPR I Mo PR RTEE A 0
hexygk bes Wil Pyt Nees 6o, popmd S PhrehyNb.i 31672,669 and U S.

octyl magnesi um hydri de, butyl zi nc hydride

di Phteot AppliastionPerialddq. 08/468r1d féiled Dptember hg.di999ewhish
br %ggl%gpawy%c%%rsbpa%drying of supported catalysts. In general one may

20  spray dry the catalysts by placing the catalyst compound and the optional activator
in solution (allowing the catalyst compound and activator to react, if desired),
adding a filler material such as silica or fumed silica, such as Gasil™ or Cabosil
™, then forcing the solution at high pressures through a nozzle. The solution may
be sprayed onto a surface or sprayed such that the droplets dry in midair. The

25 method generally employed is to disperse the silica in toluene, stir in the activator
solution, and then stir in the catalyst compound solution. Typical slurry
concentrations are about 5 to 8 wt%. This formulation may sit as a slurry for as
long as 30 minutes with mild stirring or manual shaking to keep it as a suspension
before spray-drying. In one preferred embodiment, the makeup of the dried

30 material is about 40-50 wt% activator (preferably alumoxane), 50-60 SiO, and
about~2 wt% catalyst compound.



Conventional -type organonetal | ic cocatal yst conpounds

are known to those in the art and a nore conpl ete
walt@enewion of these conpounds may be found i NPAX/BS2005/021652

Patent Nos. 3,221,002 and 5, 093, 415, which are herein
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' Sm'b&ul‘é ?'Eogﬁle aﬁﬁltﬁilo'f% firSt thOhMERAyst SbiboliY. ¢ he

act 1 vat solution, and then stir in the @atal
conpou nhh aother lemhodfﬁyqnt bmldels larer adyledt tmihe mlxaﬂﬂlemcaa tbe added

bout 5 to 8 W% Thi I t I .
F o e Tlroling M Bl hoRb PRy T8 pirt v Farhilg bize
15 ShailiriBatié® 1608 pdrbsiBofahSpHREBSAINIRMiRE for a reduced quantlty of
spray- dryln I'n one preferred enbodi nent, the makeup

of aluimexaiie, whiohgctsrasahe bisdetbout  40- 50 wt % acti vat or

ot ol y R ob R RS AR Rlafh.oh SRR e M aRo e bomgpound
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to a _solution containing a catal yst conpound such that
whetplysh sempenng angkibe infgducediptoraigacien al yst conponent

20 slurry Plle ép?if%%dﬂqélgs e generally fed into the polymerization reactor
as a mineral oil slurry. Solids concentrations in oil are about 10 to 30 weight %,
preferably 15 to 25 weight %. In some embodiments, the spray dried particles can
be from less than about 10 micrometers in size up to about 100 micrometers,
compared to conventional supported catalysts which are about 50 micrometers. In

25  apreferred embodiment the support has an average particle size of 1 to 50

microns, preferably 10 to 40 microns.
F. Catalyst Shurry and Solution Components

The catalyst of the invention can be added to the reaction system in the
form of a slurry or a solution or a combination of slurry and solution. In one
30 embodiment, the catalyst in slurry form and includes an activator and a support, or

a supported activator. In another embodiment, the catalyst slurry includes fumed
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bi nders are added to the m x. These can be added as
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In another embodiment the slurry contains a support material which may

be any inert particulate carrier material known in the art, including, but not limited
to, silica, fumed silica, alumina, clay, talc or other support materials such as
disclosed above. In a preferred embodiment, the slurry contains a supported
activator, such as those disclosed above, preferably methyl alumoxane and/or
modified methyl alumoxane on a support of silica.

A catalyst slurry can be prepared by suspending the catalyst components,
preferably the support, the activator and optional catalyst compounds in a liquid
diluent. The liquid diluent is typically an alkane having from 3 to 60 carbon

atoms, preferably having from 5 to 20 carbon atoms, preferably a branched



to the activator and the support and/or the supported

activator. In one enbodi nent, the catal yst conpound in
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slurry includes one or nore activator(s) and

support (s) and/or supported agyi vator(s) and/or one

nore catal yst conpound(s). For exanple, the slurry nmay

include two or nore activators (such as a supported
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ing thefoatslyst @%ﬁpwnéAQ Hosdyrry| Gengen %twnd?f the epialyEd.
e e R
I Nc@uplédiplbsina spectroscopy (ICPS) or by ultraviolet (UV) spectroscopy, after
standardization with a calibration curve prepared at the appropriate concentration
20  range, as is known in the art. Thus for example, 70 % of a catalyst compound will
be considered to have deposited in or on a support if the concentration of the
catalyst compound in the liquid (not including the support) is reduced by 70%
from its initial concentration.

In one embodiment, the catalyst compounds are added to the slurry as a

25  solution, slurry, or powder. The slurry may be prepared prior to its use in the
polymerization process of the invention or it may be prepared in-line.

In one embodiment, the slurry is prepared by combining the catalyst
components, such as for example the catalyst or supported catalyst and the support
and activator or supported activator, all at once. In another embodiment, the

30  slumry is prepared by first adding a support material, then adding the combination

of a catalyst and an activator component.



diluent. The liquid diluent is typically an al kane
having from3 to 60 carbon atons, preferably having
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exemndimenty [(@%469- @éﬂéNﬁiz CHolyEARZagnd) o1 h2.4,6- |
Conc%rﬁgthfggCﬁﬁV & Cgshﬁta%ge&ﬂ)ﬂ)lé SRI s o F I f_ t he

yst conpoun i quid
(not i nial ashefegreti Renbedippant the shaTy embigrésds hyne?@%lf arakhais 1as

initial c ncentrati 0 di ment ata

COYIROSHYS Pabaat 4 4ot %‘?ﬂ@ o 55?/8 Juorg Pg%?{ﬁ%fbb abi

S| 4ol 1 S HPRVBSE and BferShbe/pre GRb 1 bl SRR § cH
ts use In e polynerization process of the invention

o r2a4°C asag(eabmefj vethea BrbokfAeldimadel hiVDOAlI &iisodieter hoyset] hiea

sl Iﬁ{ﬂr} en pur e c}?rz%ox (1rk1) )éuc%oanltl)llarrllﬁe? SEhat’[ It'h a%%%ggl'}é% 1s substantially free
of moisture and oxygen, i.e. less than several ppmv of each). The slurry can be
made in a nitrogen purged drybox, and rolled in closed glass containers until
immediately before the viscosity measurements are made, in order to ensure that it
is fully suspended at the start of the trial.

In one embodiment, the slurry comprises a supported activator and one or

more or a combination of the catalyst compound(s) described in Formula I to IX

above.
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enbodi nent, the slurry is prepared by first adding a
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before the viscosity Treasurenents are made, in or der
t oalemiwghides draactiviator in addition to the catalyst compound

The solution used in the process of this invention is typically prepared by
dissolving the catalyst compound and optional activators in a liquid solvent. The
liquid solvent is typically an alkane, such as a Cs to Csg alkane, preferably a Cs to
Cio alkane. Cyclic alkanes such as cyclohexane and aromatic compounds such as
toluene may also be used. In addition, mineral oil may be used as a solvent. The
solution employed should be liquid under the conditions of polymerization and
relatively inert. In one embodiment, the liquid utilized in the solution is different
from the diluent used in the slurry. In another embodiment, the liquid utilized in

the solution is the same as the diluent used in the slurry.
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conmpound(s) described in Formula | to I X above.In

anot her enbodi nent, the slurrgpconprises a supported
activator and one or nore or a conbination of the

Group 15 catal yst conpound(s) represented by Formula V

or VI described above. In another enbodi nent, the
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or titaniumand X is chlorine, brom ne, or fluorine.

| neasRovBdseRTPSABted bythpsmalay Yoy 1 describgdialpveo t he
reacti i aﬁ%ﬁ{e? HuB5dithedf 'tﬁgdéo%ioﬁqrb%hﬁé—ﬁééo ﬁl?lﬁ%ﬁga cha't&{%t
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zirconium, hafnium or titanium and X is chlorine, bromine, or fluorine.

In the polymerization process of the invention, any catalyst solutions may
be combined with any catalyst containing slurry. In addition, more than one
catalyst component may be utilized.

Ideally, the fluorocarbon is inert to the polymerization reaction. By "inert
to the polymerization reaction" is meant that the fluorocarbon does not react
chemically with the, monomers, catalyst system or the catalyst system
components. (This is not to say that the physical environment provided by an
FC's does not influence the polymerization reactions, in fact, it may do so to some
extent, such as affecting activity rates. However, it is meant to say that the FC's

are not present as part of the catalyst system.)



tol uene may al so be used. In addition, mneral oil may
be used as a solvent. The sol ution enpl oyed shoul d be
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relatively inert. In one enbodinment, the liquid

utilized in the solution is dgfferent fromthe diluent -
used in the slurry. In another enbodi nent, the liquid
utilized in the solution is the sane as the dil uent

used in the slurry.In a preferred enbodi nent the ratio
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prefera X ‘ I | " : dr
e pr oA Peal B Pedor R RS BrEii e R b
cotgpdyoiefinsg. Byedeft pilymetsds sehutithant kastyp mae &hofithe polymer

stk et o BstRe PRt ot Iiast 8 IE v g e at
MDfe st@S%ﬁl@@?,l eféﬁab}ypattl@asﬁWHioleSOA,\lﬁ@Péferamyst RER DS MMt Vo,

at less than 'l wt% "nore preferably between 100 ppm
anpreferahly %% loast ©8 nuglo fo. t lnea pastigHarloprefaned soibedimentibe

t nEo SR o0 Sl PR S TR ED R ST b HRR are
C ORBALAES 18RI Gipi J7Q1y dartiodr ddlydtoded. InXarRdiiy @mbbiiment of the

anot her enbodi ment, the solution conprises a Goup 15 .
calnaEntinm uoiepSunel % efthe pelyeladingy desved ffom hetgioatgm containing
descr i bed . [ '
congrregs: HRiFusmtoBaRARhoRRER BE Rlaroc b A where
byorkosriib®@ hlydiogeh Modedave besh eplhveal by ahaempaiefrerinechreferred

i%ﬁg&ewggtd %}gﬁwse})cl)%umt I gs? se(igcrtrgdr il:rcs)nelsthg Igrsogllr)] -CgI‘ES?SFt)l){llg of chlorine,

. . |
A YL PR oR L AT AR ISR ah A
( nsepectqalyfray cheogrenp actisesting of Mxpgenyhitrogeryisilisomaist suifir4

e b e BRRut SO o Sy b2 20
p°+i¥£§éd, i)?éf&x@m RIX9E&S SInQf prefefretl RUMBBEMRURAL, tRWet&rBhBIYIS hot
sol utrons nay ge conbi neqp W th any catalyst containing
s| fleorinehiln adethern eprbodimoers of terinwendionathg monpmettpdeent

may .be utilized..|deall t fluorocarbon k.S inert to
P IBB RS St o aaoron FRiggot PRERES 2R elified (%

hydrocarbon monomers where at least one hydrogen atom has been replaced by a -

fluorine atom. In another embodiment of the invention, the monomers to be
polymerized are not halomonomers. (By halomonomer is meant a hydrocarbon
monomer where at least one hydrogen atom is replaced by a halogen.) In another
embodiment of the invention, the monomers to be polymerized are not vinyl
aromatic hydrocarbons. In another embodiment of the invention, the monomers to
be polymerized are preferably aliphatic or alicyclic hydrocarbons. (as defined
under "Hydrocarbon" in Hawley's Condensed Chemical Dictionary, 13th edition,
R.J. Lewis ed., John Wiley and Sons, New York, 1997. In another embodiment of
the invention, the monomers to be polymerized are preferably linear or branched
alpha-olefins, preferably C2 to C40 linear or branched alpha-olefins, preferably
C2 to C20 linear or branched alpha-olefins, preferably ethylene, propylene,

butene, pentene, hexene, heptene, octene, nonene, decene, undecene, dodecene, or



to the polynerization reaction” is neant that the
fl uorocarbon does not react chemcally with the,

woreoveire9dy cat al yst system or the catal yst SysPEMUS2005/021652

conmponents. (This is not to say that the physica

envi ronment provided by an F@ does not influence the

pol yneri zation reactions, in fact, it may do so to

some extent, such as affecting activity rates.

However, it is neant to say that the FCs are not

pragenes dferdud) tofpréfembtadthallysd, psopylenm Huttne Hekamradoctene.
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| east 90 nole % preferapl t least 95 l e %
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hydr ocar b}é)ir)_}i%rmnorrers where one or nore hy roge}r: gtyorrs

haweerteek ipeniepe-d ¢ andtlyyl pehisned obaxens- 1 hoctenept. elfegneeld 3-methyl-

enbodi ment , .t he heteroatom ] t
e e R R o
Siddnefd) viid ndtHoniine, Aidedtiefli@bhymbhenbst er oat om i's

sel ected fromthe group consisting of oxygen,

ni t r ogelrefesiedicyelic eantpirine manomsrsanelude pypniake-group-containing

het er gat om.i.s. sel ec j: St

oG PELEEE D R dts SR GORAKELIT B
erdyadiiniag monbhirrd@neditiag apité 30 carborf htoorsi Sniable arvatdtiergroup-
enbodi nent of the invention, the nononers to bez
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hydrogen dt om y a fluorine atom In
anThdeeometib gohiupaohtadfing menomeefrthemsomprsenariesstose t 0

e SN B B SR L SRR ucure
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pahymenérzeay frdenir substitpted with one or more hydrocarbyl groups
including but not limited to C; to Cy alkyl groups. Additionally two adjacent
substitutions may be joined to form a ring structure. Preferred aromatic-group-
containing monomers contain at least one aromatic structure appended to a
polymerizable olefinic moiety. Particularly preferred aromatic monomers include
styrene, alpha-methylstyrene, para-alkylstyrenes, vinyltoluenes, vinylnaphthalene,
allyl benzene, and indene, especially styrene, paramethyl styrene, 4-phenyl-1-
butene and allyl benzene. Suitable non-aromatic cyclic group containing
monomers preferably have at least one polymerizable olefinic group that is either

pendant on the cyclic structure or is part of the cyclic structure. The cyclic

structure may also be further substituted by one or more hydrocarbyl groups such



aromati ¢ hydrocarbons hi another enbodi nent of the
i nvention, the nononers to be polynerized are
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defi ned under "Hydrocarbon” in Haw ey's Condensed

Chem cal Dictionary, 13th edig3zon, RJ. Lewis ed., John:
Wl ey and Sons, New York, 1997. hi another enbodi nent

of the invention, the nononmers to be polynerized are
preferably |inear or branched al pha-ol efi ns,

pr&f puaidtinGRedtte, €40 C;) sikglr groupsh rRrafeired nab-preamaticefyclivsgroup
preferably C2 to C20 |inear or branched al pha-ol efins,
presigigmeymetomare meludp vaiayelobexang: WRRICyslahRxene

hex n 1088 MEne, WASHEAS:

Aot BV Gy RRLE R oA RE el R e S A,

et Hxlstreeng coglybeae, vinyladmeaktenensl thedkect ene. The
processes descr.ibed herein may_be_ used in an e of

ol yrmor AT kR BUBORRR BEh Y BiTBr B e IR Aer s
Tyjpl | REEHAE ANSAL LBV AR AYGEOGR ReRErated bonds,
ha@(ﬁgéa{%&gﬁpge’fg&%argon@t 03?;’5 igfr%efer ably 2 to_aleZ ones
c awheaminadtderst tvanaf thenmsapraédbaiylsyar@readilp incarpotatedintma .

Usef ul noners include.linear, branch or .c ic.

ol BA1FEE DY P - SFSEHBIFCEF Y15 QLT PIEOEBHE B A, s further
| HefiredBhANGHER 1P otohicts BH Qi &kddSom|aiphassmbraadiched
or- cyclic al pha-onmega ol efins; linear, branched or

c ymbhempus|(ire féyinyll mesemets). aMonepregiratly cthe diod¢fprmonomers are

olefing. Particul arl refer n £S ] u
o iF B-gpS Lo, MR aicirah S o Rk RSk irbon
4- ¥8inkY ExP&P1e8 BE pleferR@dRi@s Inclakttettiche, patairelhexadiene,
3- net hyl pent ene- 1, norbornene, norbornadi ene,

3, IEpadienionetadieng, npeadiore, desadiens WAFGHISRE, dogegagiene, |
gg{ﬁlt g«%aﬁeﬂng; te@rggec%ila}f%, :Qgﬂﬁg(gecggfgﬁgﬁg{&ade%ﬁ(ﬁgﬂ hg;gza(fe)é%ila&g,

nONoOnMer's e aro I C- gr oup- cont al ni ng
NosARCadiend) hahadetgliste, icosadiene aidneivosddiene, dovdsatiiene,
aromati ¢ cyclic group containing, nononers con ainin%
uptricesagiengalica¢Psadishrs PeriROsaHFRs, hexacosadiene, heptacosadiene,

ar@d@ctoisgdi%[eo HBERBL ARk NGa e?{/)%gﬁ)l'éﬂ? gre?&rédqﬁéies

one aromafi ¢ structure, prefera fromonhe to three
moihelude éfeehaivddiere, pfientadjenenld8&mphadithe)diedschdiens, 1,10-
napht hy

. hoiety, The.aro I Cc, group- t.aj ni ng..nono
P o, S iog D3 SECTS LSO SN 1 1 NG v
b%gle%Hl‘éPwteféI% p@lbREA BRI YIBF 1688H128N 000 BAnalN.OPRFdrfed cyclic
structure w1l bé pendant fromthe pol yner backbone.
Thdiemgsdnelndeecyplapeptadisne, aimilngbamenemrorhrayadienet ebylidsae
S ur?osr (l.ntnlejltlee; %ivvlmn}tllgen%gge, {cyglt%%)gntggigﬁg &f rigl\fér rgligoc%ﬁaining diolefins

with or without substituents at various ring positions.

In a preferred embodiment the polymer produced herein is an ethylene
homopolymer or copolymer. In a particularly preferred embodiment, the process
of this invention relates to the polymerization of ethylene and one or more Cy4 to
Cyo linear, branched or cyclic monomers, preferably C; to Cy; linear or branched
alpha-olefins. In a preferred embodiment, the comonomer comprises at least one

comonomer having from 3 to 8 carbon atoms, preferably 4 to 8 carbon atoms.

Particularly, the comonomers are propylene, butene-1, 4-methyl-pentene-1,3-



including but not limted to Cl1 to G al kyl groups.
Additionally two adjacent substitutions may be j oi ned

W0 200b009%a ring structure. Preferred PCT/US2005/021652
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aromati c- groupcont ai ni ng nononers contain at |east one
aromatic structure appended tgg a pol ynerizable olefmc
noi ety. Particularly preferred aromati c nononers

i ncl ude styrene, al pha-nethyl styrene,

par a- al kyl styrenes, vinyltol uenes, vinyl naphthal ene,
althathy anel, heréhe Natehesteresiy dlod mbstypraferedbeng hexene-1,
paranet hyl styrene, 4-phenyl-1butene and allyl
béW%@WelaQiW&QQQM§4non aromatic cyclic group containing
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ent1 on 1 nhcl ude any drocar bon struct ure,
pr@f:amb,l dodexened, e:anethwamntfgledu 3treeiByl newtsners 36, - imesthyl-

er east 1wo of the sat.
ar XF%%Q%’?%?]E@? pllﬁlrsgfngomf ﬁfign%lt?jo }§' er lﬁx}l%éﬁ?ﬁg?&g&% or
stiggseospeci fic or a non-stereospecific catalyst(s). It
is further preferred that the diolefin nononmers be

S eI ect ‘:’lﬁi‘ Fnb 8% %Baﬁmeﬁf‘ﬁg BoHhRPBrdMBEIRESin(id a Gopolymer of one
-vinyl nononers). Moire préferably, the diolefin

rrmrcnmre dinagrepribiramshed €5 to/Cyiodhinabaiphaolefins or Gs o e aivEy
t hose. contg;nlng from
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h es%%%s%@&ﬁc Qﬁ@h@ﬂ-‘sﬁ%ep&@ﬁ@@ﬂtaﬂ?ﬁs Po0Righ] EatQised herein, refers to
decadi éne, undecadi ene, dodecadi ene, trldecadlene

t enorueera diat fayor ﬁ@rfpm@amf dsegactip ox ssietasticrpolymer when
he adecadi ene, . oct nonadecadi ene,
Cp(o9 ymetize usmgr%ﬁr%o ? Sheto gétglglgtgsg . .

|ene osadi ene, tricosadi ene,

t et r ac opagberReempatiineaoshdesne, propyasois pdlyareeized with at least
hept acosadi ene, octacosadi ene, nonacosadi ene,

t rivachiersat emeonopers odarma A IFPplETCET | BEPTHBFRILOMORPHgE are a

G T R 0TS g e

1 ,pkfetabiylé c@slicaben atbnik3eptamaby ecthdit ésast orentiedeomonomer. The
preferred terpolymers include the combinations such as ethylene/butene-1/hexene-
1, ethylene/propylene/butene-1, propylene/ethylene/hexene-1, ethylene/propylene/
norbornene and the like.

In a preferred embodiment, the monomer is present in the polymer at 50

mole % to 99.9 mole %, more preferably 70 to 98 mole %, and more preferably 80
to 95 mole %. Comonomer(s) are present in the polymer at 0.1 mole % to 50
mole %, based upon the moles of all monomers present, more preferably 2 to 30

mole %, more preferably 5 to 20 mole %.

In another embodiment, the polymer produced herein comprises:



nol ecul ar wei ght pol ybut adi enes (Mv | ess than 1000
g/mol). Preferred cyclic dienes include
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et hyl i dene nor bor nene, divinyl benzene,
di cycl opent adi ene or hi gher rigpg containing diolefins

wWith or without substituents at various ring

positions. In a preferred enbodi ment the pol yner

produced herein is an ethyl ene honopol yner or
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COMRRIRAE andRPlik&es at | east one conononer having from
2 to 8 carbon atons, preferably 4 to 8 carbon atons,
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i sotactic ‘or syndiotactic polymer when polynerized
usinare aftasy éadp&ai Fear,dutrehygd oy eyclic alpha-olefins, including

butadiene, hexadiene, heptadiene, pentadiene, octadiene, nonadiene, decadiene,
dodecadiene, styrene, 3,5,5- trimethylhexene-1, 3—methylpentene-1, 4-

methylpentene-1, cyclopentadiene, and cyclohexene.

VIL.  Processes

A. General Process Conditions and Reactor Systems

This invention pertains to any prepolymerization and/or polymerization
process, and the process is suitably carried out over a wide range of temperatures
and pressures. Such processes include, for example, solution, gas phase, slurry

phase, medium pressure and high pressure processes or any combination thereof.



I n anot her enbodi nent ethyl ene or propylene is
polynerized with at |least two different conononers to
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conbi nati on of al pha-ol efin nmononers having 4 to 10
carbon atoms, nore preferablyggt to 8 carbon atons,
optionally with at | east one di ene nononmer. The
preferred terpolynmers include the conbinations such as
et hyl ene/ but ene- 1/ hexene- 1,
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enfapiieriite ok Rgnddrdttie roh&f dffeciPORIBRITy BRI tRqsl AheiAfion

nore of any C3 to C8 |inear, branched or cyclic al pha
- oprebésss Jn gmmld@ffﬂg,tlm @pmeeqwes !Langb @péh@OU( a#f Cedo1350°C,

s ek dane of BAEE mbRatseRravty gt dova YECGSppeC.

| SEBLhet @1?158 fdent ?Thg% TREH LR (@Rskrakle 1s SB6R Bom

t hereof). Pre erré noners 1 ncl ude propyl ene,

1 tetrperatyre 211€), gueferablyoatorn)°Caprtfarsidy labdes. 50°Q, preferably
pr feréggj enbodi ment the second ol efi n nonomer
o??ﬁ? ‘'one or nore of any Cto C40 |inear, branched

or cyclpgyrlRPaIAl ;@&;de@&s abdbrliing 't@ﬂn@ﬁlbyﬁtﬁfheare carried out at any
propyl ene; 1-butene, 1-pentene, 1-hexene, 1-heptene,

anmegsumre}ressum.mreqfﬁectly_e ingeagigig, out .tlmmyfrgﬁt@zatlon process.

h e’gt? g%%gsﬁgds e%np%e}a( %dn%:y Ein tge }a%ge 8 1 Hl%ﬁ%l(%lf Pa) to about
3500 bar (350 MPa), preferably from 0.5 bar (50 kPa) to about 500 bar (50 MPa),
more preferably from about 1 bar (100 kPa) to about 100 bar (10 MPa), and most
preferably from about 5 bar to about 50 bar (5 MPa).

In one embodiment, the process of this invention is directed toward a
solution, medium pressure, high pressure, slurry phase or gas phase
polymerization process of one or more olefin monomers having from 2 to 30
carbon atoms, preferably 2 to 12 carbon atoms, and more preferably 2 to 8 carbon
atoms. The invention is particularly well suited to the polymerization of one or
more olefin monomers of ethylene, propylene, 1-butene, 1-pentene, 4-methyl-

pentene-1, 1-hexene, 1-octene and 1-decene.



pent adi ene, octadi ene, nonadi ene, decadi ene,
dodecadi ene, styrene, 3,5,5- trinethyl hexene-1,

w@20ebphpent ene-1, 4-net hyl pentene-1, cycl opePCHUS®NE)21652
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and cycl ohexene. hi a preferred enbodi nent the third

ol efin nmononer conprises oneg@r nore of any C to C40

i near, branched or cyclic al pha-olefins, including

but adi ene, hexadi ene, hept adi ene, pentadi ene,

oct adi ene, nonadi ene, decadi ene, dodecadi ene, styrene,
3,5, 5- ]lnrainnﬂtehyielfrmedmmbbdirﬁemmf ﬂwlinemitien,eethylenbis polymerized
nlethylpentene , cycl opent adlen and
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of tenperatures and pressures. Such processes include,
deoﬁggnple sol ution, gas phase, slurry phase, nedi um

pr essurig ABhhbgBo BN PYARRSES By Rie 8fropylene is
conbi nation thereof.Particularly preferred is” gas

p radenenized|witl 3t lptstize ditfesentedmendnars,eptionalyome b méiich may
oleflg kn a art|§%$arly preferred enbodi nent, at
| P& dIghH 10 %5 is ethyl ene or propyl ene. The

prepol yiBlet d@thd RnMdoginkint, IR MERS 1aéa of 66mPHRER 36 cbFRnOe
carried out in a batch or continuous process. B

cEHCnudwse Csistbamount of eamaenameitand eriathesmoynt Histhylenc, i
| H SRR QOARS 6 Sl bk BtErab I} FEHAROED 0 1oRESat | on.

I'&"a contTnuous “process to produce a pol ymer

woul d hg odBe@mboditdeng ihd ineertdadt diitceditoea pcaymemm;ﬁ Ipyocess,
introduced into one or myre reactors and po
prigEifaar]ysa gasrihiasa el sﬂwhaﬁ@p@ﬁﬁSShfora’OMrwopﬂene alone

eMmRQATGRM or e %Ehe} BRnbREXTRALARE! it lé}feo&ﬁﬁ& s oldrgd

herel'n are a contl huous process. ynmeri zati on
phackgsesn dac A2 darbgn biontsh iPelypreeyléneqpolamers mnyrheqniochmbd

at any_ tenperature or, .t erature range effect
o ST PURICUAHE P RS g T LALRRE oAl es ot digtibed in
e, g%ﬁ%@ gm%@m e 5 Q‘?‘@,%i YoM 8bPHich 2B Herdif 11?&5%rated

preferab om about 200C, nore preferably from
ah@ueﬁﬁﬂﬁeto 1200C. In another enbodi nent, the

pol yme rAn ér prefterrgciJ grrogéslél ro?thlesln\%b 65 it ¥hdte the process, preferably
a slurry or gas phase process is operated in the presence of a bulky ligand
metallocene catalyst system of the invention and in the absence of or essentially
free of any scavengers, such as triethylaluminum, trimethylaluminum, tri-
isobutylaluminum and tri-n-hexylaluminum and diethyl aluminum chloride,
dibutyl zinc and the like. This preferred process is described in PCT publication
WO 96/08520 and U.S. Patent No. 5,712,352 and 5,763,543, which are herein
fully incorporated by reference.

In one embodiment of the invention, olefin(s), preferably C; to Cso
olefin(s) or alpha-olefin(s), preferably ethylene or propylene or combinations
thereof are prepolymerized in the presence of the metallocene catalyst systems of
the invention described above prior to the main polymerization. In one

embodiment, the prepolymerization process is carried out in a gas, solution or



tenperature (230C), preferably above30C, preferably
above 5Q0C5preferably above 700C. Pol yneri zati on

wpe@esewes according to this invention are carPCEUSIO$/021652

at any pressure or pressure range effective in
carrying out the polynerizatiggn process. The pressures
enpl oyed may be in the range froml1lmmHg (133 Pa) to
about 3500 bar (350 MPa), preferably fromO0.5 bar (50
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to 30 carbon atons, preferably 2 rb at ons,
750t 0: 4105 89 4o (2 B Sea B and 705 TE EERTVER | on

! f’Pu’Bﬁée{tlo‘}l%ﬁﬁL 7986k 25 tptqdp&bgicaﬁtﬁl W y7Ra3Aalil Srwiakh are
orie 0of nore ol efin nononers of ethylene, propyl ene,
1-ewdie Adly ihempotagaichy réfaraicky| pent ene- 1, 1-hexene,
1-octene and 1-decene. |l n _anot.her preferre nbodi ne

o °t he TaPe ATPOU Tyt BHEELERO e T A TE e CHlyst
Cqﬂﬂ{b r RIBAt iR 8% ¢.€Rsd prefered embodiment,
al pha-o ’e?nldtrﬁﬁlgi\:}fi)%gef ror%lgat gg%Sﬁ{cagr bon %t orrb?, em_ ° m_len
prelynaidagion isarded @it 29 a camtimeua pelymerizatpnmsegess in which
preferably from4 §po 8 carbon atons..Pnefer .

r &4 Ysgﬁn OMAy ?’qdechﬁls{ﬁtt arp Hreger&é%gﬁﬁlglseeg h%%% c%gé%ynt{jﬂgus 18
anpLheh seabn dhdteptrah (416 intéenaeatd eperate) Withemdnteruption or
propylene is polymerized with at [east two different

c aesmatioer Bor @c@mp}é/m'vamrym@ﬁ@ RPCERR FTPrOfRSe Biolxmegh WaRld begne

f t | . '
P I
arfpherPro@ @iy vtiiuaAlydvithdrawhhe armount of et hyl ene,

is fromabout 0.001 to 0.4 and .nore gref g{.abl from,
about Ollwxeagornsed i the PRy RSHFAAPTHRRoECsSh this HyEREqTh Wil s
directe i | R {0l GHlar e @
OB it PRI EEL AR SEASTIRE (o ALl e
priopyhaiatiah ofitieanonoitdn comteinarg fred-strexnh suchrtbat@rsmfcient

i ncludi ng ethyl ene, and/or. other olefin .
amount o? polym%:/r hav?ng esge characteristics 18 proguced. The feed stream in

one embodiment contains a total monomer concentration greater than 5 wt%
(based on the total weight of the monomers, diluent, and catalyst system),
preferably greater than 15 wt%, greater than 30 wt% in another embodiment. In
yet another embodiment, the feed-stream will contain from 5 wt% to 50 wt%
monomer concentration based on the total weight of monomer, diluent, and
catalyst system.

In one embodiment of the invention, hydrogen is added to the reactor for
molecular weight control. As is well known to those skilled in the art, increased
concentrations of hydrogen relative to the concentration of monomer(s) in the
reactor cause the production of polymer of lower number average and weight

average molecular weights.



having from4 to 12 carbon atons. Pol ypropyl ene
pol yners nmay be produced using the particularly

wheiodged4dbul Ky |igand netal | ocene cat al ysts asPCT/US2005/021652
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described in U S. Patent Nos. 5,296,434 and 5, 278, 264,
bot h of which are herein incoggporated by reference.

Anot her preferred process of the invention is where

the process, preferably a slurry or gas phase process

is operated in the presence of a bul ky |igand

net al | opesR afsodinisdt of Yisd iaverdion  Hikquid parkssds empibyed, which
the absence of or essentially free of any scavengers, .

s ueimprises eomegiipgalefin MaRemens Wit noJyragTiAHIAR fetalyst i an optional

triisobutyl M i N

ai i i o M B S o Rty Sl aERelt B M brodyee e
Thilegired gf) gl Bydroeabon solvescduithisld forth®piocpsstihcladd aliphatic
WO 96/ 08520 and U. S, Patent No. 5,712,352 and

5, argi3rematic sHyes- af kapess s4ch a6 Bipxape; PRGS oisap NSy and octane,
refer§ edIn one enbodi nent of the invention,

olagfpne?gl)% ‘preferably C2 to C 0 olefin(s) or

al pha-ol.ef gl s referably ethylene or propyl ene or
cdﬁbina F%ﬁ&ﬂ%ﬁ@ﬁgﬁpngﬁ% prepol yneri zed in the
presence of the netall ocene.catal yst systens of th
i nvent i éﬁe 8%‘%’9 W@BO@ By eB’i“:Plb]F‘C?%miaﬁeé heprse of 3 gas phase
p%&gﬁéﬁﬁfoh%?@cekﬂ PRcARMAdigA®Phase bBEmerization process a

i

prepol ymerization process is carried out in a ‘gas,
s otomtinoousanysleds eyiplstyad ehate infohe pait 9bthg cyplglof pweackusysiem, a

te ratures and.pressures. The pr.epol j o .

SR L CabOSF A B0 SPLERE ARl e, i
anglaQ4 ih Thd REctBf By ERARaIf palmdizhest | Hiis hedtdhitemoved from the
control ling agent such as hydrogen., For exanples of

prispysdly pempositionoin appherpart ekthe side by & coplingetisteRpextemnal to

4, 748, 221, { 359, 3 :

and”5; | nd "EUropeéan publi cation EP-B- ’
tge géac/:%g gf} ergﬁ&, 1%% r%ig ﬂ%ﬁﬁ’zpe%%%d gﬁ%c%gs]fogéérguglggggggés a

anghsBGE sBelthiceatainits YR & théré Irchoalers i6contimumisigreycled through

herein full X I ncor por at ed b%/ reference,. | ngg{i]e

enbBuidinedbed itie patsyatsraAaarads! PRI sFactise csttiohiferide

t he - , i in:

S PRS0 L o By HRAS i i

p Oleydrey, | Siatultaneduslye polyinedpdtctas withdrewni frano tise reactor and fresh

pol yneri zat i process. i n which catal yst,, nmononer, .a
G moees adrdBamice epab iRt SrsaEont e Us.
| Sp IEAMNos24, 55 BEoN4L 4K% 790D §1028,690,(50517,686, B36PIRY, 5,405,922,

operate) wthout interuption or )
5,436,304, 5,453,471, 5,462,999, 5,616,661 and 5,668,228, all of which are fully

incorporated herein by reference.

The reactor pressure in a gas phase process may vary from about 100 psig
(690 kPa) to about 600 psig (4138 kPa), preferably in the range of from about 200
psig (1379 kPa) to about 400 psig (2759 kPa), more preferably in the range of
from about 250 psig (1724 kPa) to about 350 psig (2414 kPa).

The productivity of the catalyst or catalyst system in a gas phase system is
influenced by the partial pressure of the main monomer. The preferred mole
percent of the main monomer, ethylene or propylene, is from about 25 to 90 mole
percent and the comonomer partial pressure is in the range of from about 138 kPa

to about 517 kPa, preferably about 517 kPa to about 2069 kPa, which are typical



cessation. For exanple a continuous process to produce
a polynmer woul d be one wherethe reactants are
w@emwbiosmeausl y i ntroduced into one or nore reacPCr/BESANE 021652
pol ymer product is continually wthdrawn. The reactor
used in the polynerization pragess of this invention,
Wi ll contain sufficient anmounts of the catal yst system
effective to catalyze the polynerization of the
nonomer contai ni ng feed-stream such that a sufficient
angonditicfs ipalgysphiasé polyngrideinredcesshaABotiesdmse syGtenissthe
produced. The feed streamin gne_ enbodi nent contains a
t GRTEFCTISH 96 REFORVHE AR HISFGA8HPIPFBEEY. t han 5 wt % (based

on the I ' . [ ﬁgﬂ‘t\: d o
~cat al ys#ﬁé%s??t\é%%tﬁag&gﬁgglgygpgr eaE %) édrc_e%hdgl 1 yv\ﬁ;t% %; about 30°C
Or Rabeit 1110, FRfMBYy FoanPdhRuher CRisditBIBPC, hbref@éferably in

anot her enbodi nent, the feed-streamw |l contain from

5 5 the Yartge drom Sooud AGiEto IAONC eandrmost preferablydn the ahge of from

t ot al vveg'ﬁght of mononer, diluent, and catal yst system
| AboHE 7@ hAbRRN 6 t he i nvention, hydrogen is added

to the j Is :
wel |k QRRE B e BB Cefentit gl by B¥ Vb s of e ifvention
cancladt saidson sudiistdpeciobygeerizagbmprocesse Ale gas phase processes
concentration of nononmer(s) in the react ause_t he
pr@amwlawdgv %my%onaleclv%eyd@PS#fﬁ%ﬁ%be%avﬁ% g Jlos.

10 V&4 ghf oY 8T RBR18DhE 8,‘6!73!37&?&&@&0&&@3%&@@9@%&5‘@ 4 200

thé Triverition, a liquid process i's e yed,
c Aty Bils@ 642 8912, &Pt AnQ 802 202 andhiBRdIren3d 4%l ta of which are herein
poi%lﬁmeri zatiton ca‘%fg]%’3 st in an optional solvent and

al PHRAHERFRCABRE %0 react for a sufficient tine

t 0 pr odwGEprbfeered 8mbb&icheRf i RAastor DO 6AERANIZA HERE S
sui table for the process include aliphatic and

ariovetion aotapeble of pridreing greasardhanad0Hbx afieolyperpeameur (227

I sopent ane a refer . s Phase

15 AR e BILORTRRAR oo & bl fngffifer PRRSbly
| ngedtecthah €800 IBE/hHIEs 5 Kg/IR), Biiksie PRISRLIY Uy & th&atl 0,000 Ibs/hr
process. Typically in a gas phase nerization

ol
priée¥xke/hn)coeninrs prclepbivereaicrdhpn 63,6€0 e €l 130 0redhr), still
ar f j S
030 SR FUELE O s DSORENE (9050107 L
f |puéfdiabingreneslihams0j080 Ibs/hr (22,700 kg/hr) and most preferably greater
20  than 65,000 Ibs/hr (29,000 kg/hr) to greater than 100,000 Ibs/hr (45,500 kg/hr).

In another preferred embodiment the catalyst system in is liquid form and

is introduced into the gas phase reactor into a resin particle lean zone. For
information on how to introduce a liquid catalyst system into a fluidized bed
polymerization into a particle lean zone, please see US 5,693,727, which is

25  incorporated by reference herein.
C. Slurry Process Embodiments

One embodiment of the invention incorporates the use of a slurry phase
polymerization process, preferably as a continuous polymerization process. The
slurry polymerization process is preferably carried out at pressures in the range of

30 from about 1 to about 100 atmospheres, preferably in the range of from 1 to 50



heated in the reactor by the heat of polynerization.
This heat is renoved fromthe recycle conposition in
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to the reactor. Cenerally, in a gas fluidized bed
process for produci ng pol ynmerg, a gaseous stream

contai ning one or nore nononers is continuously cycl ed
through a fluidized bed in the presence of a catal yst
under reactive conditions. The gaseous streamis

W ithideplvated. r@peritieg téhpérdivzescird geheaaity inelog/mhgeloblCkio about
into the reactor. Sinultaneously, polynmer product is

wi 12d€awn from the reactor and fresh nononer is added

s, Pafifi RaRBRHTE S PRTE RS Rmof Bl BHATRLS,and
5, i3 ##at &8 ardmiR bl thIne Silutdb oPdifuenbnddtre3Nd, cdnsiiak, LAsidgle

5,462,999, 5,616,661 and 5, 668,228, all of which are
f upHage,iwhitsr the pelyaer prseipitates fropkthe dedpent withhgood sgpargfion from

25 DG, e o8, 0GR TR A B i
pgﬁf)@ésab [y a batichler érab@imet, & alitardpaiing?B6mBsibd darbbd A8oms,
kPa) to _about 400 psig. (2759 kPa), npre preferably in

t Hefesahde a branchedalkansuis addes. gretsrred afkangspgylude 1sghiape and

3%901%?(5196(2414 kPa). The productivity of the catal yst
or catalyst systemin a gas phase systemis influenced

by the Aartfeatd polgmstzationftechhgjuewif thentomearien is fEfi@red to as a

referred nole percent of the main nononer, ethyl.ene
P oS p FTEnRe I Ta A WBish s SeOnis g HETETRes BikSag a

t %B?W stRHetdiRtheREBS S HIuBe IskebbdIN® KRB er@furé BiOMhich
abo 138 kPa to about 517 kPa, preferably about 517

k Rhe polyaizo gbes2io®EokPmn. Watl technigue ispvd bkmovdintthears, and

2 R PR L S AR o8 SRS AR Dy Beomported
PriRglif biy\efevencd. h@t}feﬁélﬁgg Pord RERE Ll ideahbde emng%an@mm

process may vary from about 30C to about 12
priefaerndridthesesrilizingatplelity of stiFsd reartosein sepew parallel, or

preferably i.n the.range.. 7 ;
St Ut NS RO LA Pt RSl A
ahQutin9fs. 1063 hetinga sankHasesis0 PEss @shet exdrepipd et shatrpy
t he process of the invention_include series or i
muresessesge gescrbetindabi Rateg Mt dstlesA34.4nd 5,95802hnligh are
pr he invention include those -
PIRSFIY FER Sl
In one embodiment, the reactor used in the slurry process of the invention
is capable of producing greater than 500 lbs of polymer per hour (227 kg/hr) to
about 200,000 Ibs/hr (90,900 kg/hr) or higher of polymer, preferably greater than
1000 Ibs/hr (455 kg/hr), more preferably greater than 10,000 Ibs/hr (4540 kg/hr),
even more preferably greater than 25,000 Ibs/hr (11,300 kg/hr), still more
preferably greater than 35,000 Ibs/hr (15,900 kg/hr), still even more preferably
greater than 50,000 Ibs/hr (22,700 kg/hr) and most preferably greater than 65,000
Ibs/hr (29,000 kg/hr) to greater than 100,000 lbs/hr (45,500 kg/hr).
In one embodiment, polymer granules and supported catalyst particles are

present as solid particles in the slurry reactor, and the slurry diluent is a

hydrofluorocarbon, one or more hydrocarbons, or mixtures thereof. In one



5,627,242, 5,665,818 and 5,677,375, and European
publications EP-A- 0 794 200 EP-BI -0 649 992, EP-A- O

w@OR6AMR4aNd EP-B- 634 421 all of which are heP@l/nsS2005/021652

fully incorporated by reference. In a preferred

enbodi nent, the reactor and p7dcesses utilized in the

i nvention are capabl e of producing greater than 500

| bs of pol yner per hour (227 kg/hr) to about 200, 000

| bs/ hr (90,900 kg/hr) or higher of polyne preferably

g r eabedintent thel @@0entizgioh of Gdlﬁde(gcﬂbﬁrl)l thfmiwey b esfuel tgleir greater
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t hthe sbid @@@cleb @rdmes(ezmmthe shagytat ) camagnivaisan lpsscthart eiiqypal to

Ph s, Bot PRLPRrem RSty S PRk pRan R 1 shury
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formand is introduced into the phase reactor into

a vel%;drquad b Tcz:?%vqﬂ&/arfromﬁ%to Hovol /nfﬁéﬂmrﬁf o0 vl %4 diem 30 to
e yst systeminto a fl uidized
bezéﬁ‘gl%/r%?& ?};\ (fﬁgl%l a particle | ean zone, please

g ? §27 V\,hl ch is incorporated by reference
h ei n. SHIUTSR BIEESSpr ocess Enbodi nents One errbodl ment
of the invention |ncorporates tﬂe use .of ,a slu

phase pB1 Sieesbegient. e pERssss off ’éf”éYeélBPEIISafém'ée outas a
t
%blﬁt%{rﬂ%%ﬁa%}%g E)?&Iekso rGéHe?eﬁ@f gﬁ syh?glﬁ lrprcEé(s mvolves

ess I's pref I ed out at
p r psigmersation it beontan@as ofacfor anwhishube stattiog almmetmet(©Dand

t h f [ h f fr
S ORIV G 1A S EEOr e rePeper do e s A & PSP 9
t h%&(?wfceﬁtfratgg JrdiaROUS Uil prot Ess @ GhePlTO AStvERAY m@ftmg point

urry process, the nononers, catalyst(s), and

i noftthapolyeys atheghpressulpsefipm Tt e (09 kiléedtto 800 banﬁé@ﬁ MPa), in
whi | e.

o b e matornpr it Gl O GuRrORE Rt p o Krotvent

separ at T@fpdra@ie édherodin Me Mdactdr fs GBiginedTbPBalaRIIAg the heat of
sol vent or co-diluent is added to the reaction

prprdmsnzatwnané Sith r@@nt@rrCOQhﬁa by meastor jagkets ok sp@lingLeilp ép cool

s R SRR AL R o o

angquid medium (diluent, monomers or solvent) or combinations of all three.
Adiabatic reactors with pre-chilled feeds may also be used. The reactor
temperature depends on the catalyst used. In general, the reactor temperature
preferably can vary between about 0°C and about 160°C, more preferably from
about 10°C to about 140°C, and most preferably from about 40°C to about 120°C.
In series operation, the second reactor temperature is preferably higher than the
first reactor temperature. In parallel reactor operation, the temperatures of the two
reactors are independent. The pressure can vary from about 1 mm Hg (133 Pa) to
2500 bar (250 MPa), preferably from 0.1 bar (10 kPa) to 1600 bar'(160 MPa),
most preferably from 1.0 (100 kPa) to 500 bar (50 MPa).

Examples of solution processes are described in U.S. Patent Nos.

4,271,060, 5,001,205, 5,236,998, 5,589,555 and 5,977,251 and PCT WO



I sohexane. A preferred polynerization technique of the
invention is referred to as a particle form

w@ologeizati on, which is essentially a sl urryP@r/os®es021652
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utilizing a supported catalyst wherein the tenperature
I's kept bel ow the tenperatureyzat which the pol yner
goes into solution. Such technique is well known in
the art, and described in for instance U. S. Patent No.
3,248,179, which is fully incorporated herein by

r 993 B seand MRV Q PAM0Y3 ) vdidsare fullynioterderataddweein by
enploying a | oop reactor and those utilizing a
pligFafIaey of stirred reactors in series, parallel, or
conbi nations thereof. Non-limting exanples of slurry
pribces sksdivae prdidighdtressHircRdymerdgstion stirred tank
processes. Al so, other exanples of slurry processes

ar e desThé pagimierizdtioB préteseott thisanvention gam@so bggarried out at
5,986, 021, .which are . herei,n fully incarporated b

R R R A R e e Sl
S| WhicH IR RAGS ErigdtiohReactiBl 86¢UrOR at agBoEOkAd finges from 80°C to
produci ng greater than 500 | bs of potyner.per hour

( 220°Rgrkferatily fraholR0°C ¢0 2206, mskshienld(fopa g pghmaer inthe

a

hi gher of pol r ref er.abl y. .qr I 100, .
(#98% P VB el PSRN BRI s R iy e iy
| bsy'ihe p&lgﬁéﬂril@g/phas)e. Th¢ @hesie eapbefefadtom g0eas 2000 Baatfor
25,000 I bs/hr ( 11,300 kg/hr), still nore prefera

I bl
o rasylene hoaopiBmEEEng BORni0 pari3 BBt ey 90 bard 199 Migyen

e rdthi) 55 B 8 P36 300 biAG0 W 3 prBSehls ot sthylene
(k S(/Qﬁ@@ﬂ]éfgédméinm Qrte @ golefihamdl@fiondlly dther dupolyticriaile
sup

). In one enbodi nent, polyner granul es and
ﬁfé‘?st ed catal yst particles are present as solid

articlgs:i 4O o E
P ]ﬁ%lé}gpﬁgsgxgiﬁbgéééeé', g%‘bﬁlaﬂy 3019nt PSlyRledizition of ethylene

diluent is orocarbon, One or nore
hy-demgcaTib oompimatiomivithCae Gihalpeobdlefing and eptibaadiymshar,

the concentrati o) olid particles..in.the.slyrry is

e oRP D GROIg oL e PP R ot o Trcifprapcn e

eech &8Akion RSP bESrPRIE 1EHAS 0T Sdprefeibly kBoddI0°C and
sl'urry at a concentration equal to or greater than 25

v ah§s range {0e3 5086 o deloznibe dieprmpositiondemperiatrp af thie pobgner
t gn.th t h
ol EbEH G I Yot R RS s B e it "

S Qlohfpldtad bl Llefipeitihere Wittt the ringetofe 369QLUI0rAB08C. The

concentrations ranging from1l to 70 vol% from5 to 70
v diodymerizstion @ apnpiered at a pressure above 200 bar (20 MPa), and generally

at a pressure within the range of 500 bar (50 MPa) to 3500 bar (350 MPa).
Preferably, the polymerization is completed at a pressure within the range from
800 bar (80 MPa) to 2500 bar (250 MPa).

More recently, polymerization conditions for high pressure and or
temperature polymerizations to prepare propylene homopolymers and copolymers
of propylene with Cs to Cjo olefins and optionally other copolymerizable olefins
have been reported. See US patent applications 60/431,185 filed December 35,
2002; 60/431,077, filed December 5, 2002; and 60/412,541, filed September 20,

2002.



vol% from15 to 70 vol% from20 to 70 vol% from 25
to 70 vol% from30 to 70 vol% or from40 to 70 vol %

wW@2006009989 on Process | n one enbodi nent, the prPCEES200$/021652
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this invention is carried out as a sol ution

pol ynmeri zation process. Generally, the solution
process involves polynerization in a continuous
reactor in which the starting nononer(s) and catal yst
mat eri al s supplied and the pol yner forned,. are

agi t at gghat@rd KAULACOF SHt@hgl concentration gradients.
Sui tabl e processes operate above the nelting point of

t he pol ' : f

t o aboct et rfhn bl BFRTEL iy (Ve hobafrlzadhrek it
disystent sueh ab vorstiiuuts and hpedhyneectionalystoms switabte for saryiag out
T t | in th i bt ained b :
A AEE AGTOFOHEGOTHO M SPRHESF- SO A5 P PPeSie gf high

¢ %%sglﬂ% Yok RAC R bné BaKEdifeRS, (6OBYéMbnGPprastided if @@huidized
the contents of ‘the reactor, auto refrigeration,

pibed eduictdrddop eadiey, phagiew zeactamndfor stimesd tankeearion Ina

(di |l uent, ONMer s, .0t _sol.vent I__comnmbi.nati of I

{ R rRgaee Pua e areo ke e B B AR Gl
ale39mPRs U8 RYetorsNBcll @Sty eadteNRcBIdUE En HRPE OGS cAdistiAg of a
catal yst used. In general, the reactor tenperature

pcefitirumivk flowanackers stirtrsk taptereagion v oW Aepckds one vipg helt

nore preferably fromabout 40 :
P Rrcth ittt otz 5l ABGHbeckeftl aiteiERRted
ORB{Igl bl rdaber et wniktaaionrthéreafer at ure is
preferably higher than the first reacﬁ%r te eratgre.

I n par dn peetheraaspecsrheaiyandiciremoved komd @PQPE?B@E% Y pfeef
t r ' I ; I ;

¢ Pl ERSH SR BRI e SAGaPRRES SRS (Aot side
plogfiertabé ind the poBmkribig mik@uirk Ragn the ofleDSidbaHe¢tBay also be
MPa), npst preferably from1.0 (100 kPa) to 50Q bay.
{SoRPRDY RevEhes e po bR b UReieh 2 1Ry PAdEH Bag

i - : )

5 T gL o o e e S P s 5 A8 et o
99¢atbul Itheravnparttionoé tHeqlol ymérining portateds evaported 4pthe mixture
ref erence. Medi ym apd Hi gh Pressure Rol ynmerizat..
TREPSSOH M 9 GO Juether gl cos BT LRUN TG 50 B4 plue
be wArchitBFhedgh@tirface heat transfer using coolant on the other side of a heat

transfer surface. Another example would be a reactor where polymerization takes

place on a moving belt or drum where the diluent/monomer/catalyst mixture is
sprayed onto the belt or drum and heat is removed by evaporation of the diluent as
the reaction proceeds. In addition heat may be removed in such reactors by
surface heat transfer (such as where the coolant is present on the inside of the
drum or under the belt and the polymer is produced on the other side of the belt or
drum). Another type of reactor is a jet or nozzle reactor. These reactors have a
short residence time where the monomer, diluent and catalyst system are
combined in the jet or nozzle and the polymerization occurs as the mixture passes
through the nozzle at high velocity.

One or more reactors in series or in parallel may be used in this invention.

Catalyst component(s) (and any activator employed) may be delivered as a



medi um or hi gh pressures. For nedi um pressure
processes, the tenperature at which the pol ynerization

WO e@eiom occurs i s at | east 800C and ranges fPONUSIO0N21652
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to 25Q0C, preferably from 1000C to 220Q0C, and shoul d

for a given polynmer in the reagtor, be above the

nmelting point of said polynmer so as to naintain the

fluidity of the polynmer-rich phase. The pressure can

be varied from 100 to 1000 bar for ethylene

h osmmmxyafresﬂmﬁ rifhdrrseparaelybarthd RadtBg activatdlifdidegust ptioOto the
especially 50 bar (5 MPa) to 500 bar (50 MPa)

f oweaﬁpb@éé’gf‘égtl\tﬂt%% TRSAIRs 188 Aet RSOV ST shFRYAP #Peng
glgrée I@[ﬂglﬁlpgéfﬁ{réﬂ&e?ﬁfjonQQWQ RutidnLichehted ﬁpﬁ’xlley rifi{r 1&1%%&1%

pressure processes, particularly t
t hen pethpdetd m&bdxme mifltipkehoptatysés iatcomectars, sea UES)&;BQ?;&IZ and

e ﬁebg%éﬁ’ Voot Telefior B aPRANE: g TR TeeciPinite
fﬁtexﬁﬂ@% JuiRy bWlihER S bR EéJ&iSrebc?to@t including
CI)C and preferg% @ﬂ

| east above 14(1) may range
t ocodE00@;s shimted tbaﬂcomqttbrs sdmmy) iqmpsrsaqtcnm améﬂrpéﬂcat Bpls'ntﬁﬂ'lzatlons

H]agﬁ ggllgéﬁgmt {%‘heét 0es 95}3 ¥$af§ﬁ? 1g1(1) g}a S’%‘ﬁ)jﬁgt&&éﬁ’gf comonomers,

t eIRAYR i Catdy, EJ&'VBnéeF %ﬁ%ﬂ@nﬂfm&@%aﬁ&dag@@&tmﬁb@sly to a
pol yneri zation is corrpl eted at a pressure above 200 |

baamglg @eam&apr inpgeticgyzaacton Ppsratien, an pihichdhe baye CAMRORAS are

ar r D
w U B o7 20 g en gt ode stid gyt
nentvhialso bé @ddeaﬂ@ BofhrrenatS( Owbla bnc{ &bt Being added
2500 bar (250 MPa More recently ymeri zation

c oadi finsbieactpiomdnther coppenerits a%dfé 9 pﬁ{@éfﬁﬁé@@ﬁ ure

pol yner | re
Copot y ity et ARG, ARK) SREt AP BBOREREST (806t
opTheoreattbyis@ehanlly Gned with e z4fidient elgiitionsméme ssubk ena turbo-

reported, See US patent_ applications 6Q/431 185 fil ed
Degiep F impellorip)pan 8?6?111@110 pg J3ckebadiss duipiel © ?m%%i?fs

angh A/ Ah o? ey ble L SeRibeRthe ROt oPAAFmErizdRALh Hafntain

actor Systenms The Invention may be practiced in
antite tygredataghioh yamparatata, orletreerns gsuch us tné¢np11m§)3 for asonomers,

Cg{%?ﬁ%&% ﬁﬁtaijsts?com ne 8} ée%gra‘?@f}%t ? mpera urte:asct,Jllls?ng:,I means, and
an effluent overflow or outflow pipe which withdraws polymer, diluent and
unreacted monomers among other things, to a holding drum or quench tank.
Preferably, the reactor is purged of air and moisture. One skilled in the art will
recognize proper assembly and operation. The reactors are preferably designed to
deliver good mixing of the catalyst and monomers within the reactor, good
turbulence across or within the heat transfer tubes or coils, and enough fluid flow
throughout the reaction volume to avoid excessive polymer accumulation or
separation from the diluent.

In another embodiment of the invention, a reactor capable of performing a
continuous slurry process, such as disclosed in U.S. 5,417,930, herein
incorporated by reference, is used. A reactor pump impeller is employed in the

reactor and can be of the up-pumping variety or the down-pumping variety.



any one or nore of the solution, gas phase, slurry
phase, nedi um pressure or high pressure processes . In
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fluidized bed reactor, | oop reactor, plug flow reactor
and/or stirred tank reactor. 76n a particul ar

enbodi nent, this invention is practiced in a "butyl
reactor."” Ot her exanples of reactors include any
reactor selected fromthe group consisting of a

cont i nurhesorfi¢raf contacting the mqnpmedfe{eérﬁtrem,a@taiyst lpltla@r and

fl ow reactor belt react [ ea j.e
r é@@@@rmahg% E‘Trg%:(eea_ He, GWQPEHP%‘& tlh‘é t{%?P R CaRilystlafé pre-
rxﬁ’l%(?r% géthélriﬂ 1RARIecle@ i1t fBF a pRe¥cribed amount of

I'n anot her aspect, heat can be
r Qﬁm@ﬂgfngcfmm I@é)lrseamddp lﬁyistlmnarblyth%Q inffected anto a continuous
as in.a tubul ar ct 1 Qe wher e

e dhEouEh S aatbiL heAR g rerich dpaEal 4h SRS
p%%Gg{ﬂaéﬁt n&t&l\/gitaﬂa €hel iBitRfbraRCaddkd &f thé iréiRtore@dratéBy In

e renoved evaporating the ljymerl zi ng

maxbiheegmbodimeat thfal}ﬁltméorﬂ@b]ﬂ qdrw@lnth@ Qﬂrl@pmrg@rus aetome

R

M ¢ Y &th1§stRbADMeatvEth B8 ifilfofbefbrer @tdﬂngﬁhermcﬁohr ough
the reactor. Another exanple is where heat is renoved

'”Vﬁ‘I plﬂgp%[ﬂowoﬁgggtor through surface heat transfer
e other side of a heat transfer
fac vvoul d be a reactor where
eﬁ“”é?l on%lf:m%)ﬁ p ace on a noving belt or drum
vvhere t he dil uent/ s Tol g
onto t heaRAymess p&?%(gﬁ%l hﬁ ?ce%éisﬁtg%m%éﬁ%ﬁé RYEha
evigiae Rfﬁﬁét?%fgfodubt% adll ebi@ ke gplicittonsedat polynmsapméui&d by the
In additi on heat nay be renoved. in such reacto giﬂstqnzers

s mrbmeoﬁ@atm\tmaﬁ@ mud@slmw lay dsneherelrethygng,
t |
R

bQiehs@f pélyetaylend atultihoday pebmiodahhtgh aroléalar Weghtor

nozzl e reactor. These reactors t]ave a short residence

t i pedyatideness PRIYRIORYIERS andRQLYRIAPYISHRCWIDRYEL syst em

are conbined in the jet or nozzle and the

pdB.ynmerPemityon occurs as the mi xture passes t hrough

the nozzle at high velocity. One or nore reactors in

seri es Tie paiypersakodaicedrageobingitocliisiinvantion cpmbenradyeed at any

N T M A A e

t Qrb ek RBFARNE bas& forfthd hiavink laraensnyslh {1 i28Ee bOfbME.86g/cc
t0 0.97 g/cc. For some applications, a density in the range of from 0.88 g/cc to
0.920 g/ce is preferred while in other applications, such as pipe, film and blow
molding, a density in the range of from 0.930 g/cc to 0.965 g/cc is preferred. For
low density polymers, such as for film applications, a density of 0.910 g/cc to
0.940 g/cc is preferred. Density is measured in accordance with ASTM method

1505.



reactor, or preactivated and punped as an activated
solution or slurry to the reactor. A preferred
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i nformati on on nmethods to introduce nultiple catal ysts
into reactors, see US 6,399, 722 and WO 01/ 30861 Al
Wil e these reference may enphasi ze gas phase
reactors, the techni ques described are equally
applicable to other types of reactors, including

co@t i nudledecatar W eight andkMoleadiroWsighsDistrityutionop r eact or s
and the like. Polynerizations are carried out in

ei t her $hdPd19meRAsb@icc@PSHIA profoss bithhihEdntioR BHIBE produced in
conononers, catalyst/activator, scavenger,

an
ot Wisteatariebtl frneleeular weightd end moracilen pigsshy disgitutionngl e
r or.,or iR, Seri. reactor, qperati i ich, the
ol ot GV R PR REL AU O B i Werage
I ea6leetilar weiRReQVIRY) aEd‘r%l%ﬁzi‘tﬂji detdMEnédhdhy 8 WaRIG0Site
may al so be added to both reactors, wth one conponent

bdixsdusienichromategraph YEG)equipped with ashiferentia) rplbardive index
d H0di ,
oI PR BRCIRY Sl HaRRCEARO U HERS) dBiectorands

r edsdopdietéry VS €Tt deyaifsi df tlecietdetdt calibrafibnscare described by T. Sun,
ag{ltati on neans, such_as_a_turboni xer .or, inpell er(s:24,
an - )

&reds RaR- E8#naentnd We RECrargleyr Magtogtateqv/soyplumy
t%ﬁﬁg@ﬂ%pmem (2001) Ul G NESDSra8d HEERY ggfe}é%e.

heat ynerizationto maintain the desi
react i dn anemiedahertef thenhedntiorahs polyneis modicdddtave a

pi pes) for npnoners,. dil ts.and al ysts (.copbi ned
D RS ebab ) S es D! S e S O
ef fk 8B indNRdrvAue R0 AHinbLOWeRIzP BioMtuth Wi S dRAND =
pol ynmer, diluent and unreact ed nononmers anong ot her

t FVIn@d,). eftgreattmihai hg, preferally frguehéfio akavit 70Plesenab| v,

the .reactqr .is purged of, air a noj st ure. ski |l |

| Ao POVRRE B A B RLE B Gt thonFo
Ol #hileth othBehBaEeAS tR PolRhef Rbakjed hdes MR dfat least 5,
del i ver good m xi ng of the catalyst and nononers

wirréfereblhBomeheoro? to Yboa angnbatiares the pelymep et thictimyertion
the he r .Ql. Coil S, L Uied
D oA al AR RO B AN By
P Qinjl Fide- &gl Bidhadsi thdse Plol yhepadatiibe o8 PieNdi 5,ae8)427,

I n anot her _enbodi nrent of the invention, a reactor

c apBPats heesin BY #fRi§NeE- cont i nuous sl urry process,

such ag, dh56kosktbdifheld, fhe palyblefind?BduddB Bl Bt least two species of

molecular weights. Preferably, both species are present at greater than 20 wt%,

based upon weight average molecular weight.
D. Bi- or Multi-Modal Polymers

In another embodiment of this invention. the polymer produced is bi- or
multi-modal (on the SEC graph). By bi- or multi-modal means that the SEC
graph of the polymer has two or more positive slopes, two or more negative
slopes, and three or more inflection points (an inflection point is that point where

the second derivative of the curve is equal to zero) or the graph has at least has



i ncorporated by reference, is used. A reactor punp
inpeller is enployed in the reactor and can be of the
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order of contacting the nononer feed-stream catalyst,
initiator, and diluent may beygariable. In one

enbodi nent, the initiator and catal yst are

preconpl exed by m xi ng together in the sel ected

di luent for a prescribed anmount of tinme ranging from
0. Bde pEtiveckibpz, dfk d@uties slape] ohd mﬂebﬁ;oﬂ pietcindch dhahge ia the
conti nuous reactor through a cata %zel e.or

i npeUt Yo maaitvaslope greplsr ﬂa%%%f) pefare the change.
cat al ysiérf §Iﬂ3dﬁntﬂ§)%lﬂ’l tt fh@tS@er %‘Eﬂ‘é on WBQLURIQ gl_ogg %ts‘i’i@gatwe

separ at n anot e initiator is
bl slopks d)nwlﬁﬂectlhtepélﬁeﬁqdmrmmm dfelt)aur endre)jpeeferabty t5ortihere,

reactor. DeS| rabl y, t oner %nt acted with
Ol 206 e LohErBted By KOS o Seried of
%} gB%@%mﬁﬁér% LnﬂgthE li‘x?ol&%"i’éitv%%bté/%fe caRQN OB Esing
roduc

neral Pol ymer Products The pol yners
prMﬁchdquhdmeffm@m&)stprﬂYmen1nvqemtloon can be used

appl | calh shieaendheRs et el rermsetbavips
t h&erds¥Y 80D198Ro 0196 gisdear 1 MIG( zof@m den@g;mnﬁﬂlaquim YiTe-12 g/
el ast orers, pl ast oners, density pol yet hyl enes,

metmim, de MR (L21fo) qfeithHOeﬁ@gveraléM\m @iﬁgOQ 00 to 400,000, an

pol lp% ﬁ%‘{ﬂn@g@b‘% WW%@%§ sl efef% BLE o yﬁ?amcular

YeRfave Blovidaidtdcular WeecH? Glayti® 6-500 Odimﬂlﬂ)O?EMﬁgja Bensity
to this invention can be groduced at any d

s P 20035 gfosand phighipplsewapyveighiaction (vﬂéOOO Y ~8,000,000)
€ rﬁa%ﬁ%”fﬁ%nsn& '8? b @1 6 %rbSIBtegé Oﬂté%@golgl%lg}/s ?S#ﬂ@ﬁl@ﬁy useful for

densi nge o

0 ﬂﬁ@éﬁd:pibe c@péb?algl/ ftﬁPE:D(DO plpﬁappimahomt’f}[enﬁoleaﬂar weight
density .in the range of fromO0.88 g/cc to 0.920
d ey {SE0),

i sdlpt.nbflawwmsp s Phtaa%eﬁé%OI%ﬁlﬁP erdrsimehroggiogr

P 885 D P TR a0 1 ol Ut

d epftﬂymyr Ips | weight saticsefthe h'ghfrmleéulhrrwa_ghﬂ (FAW) drestiomto the low

e aP LA e 8h ot Qo o RSB o

Dﬁ&’é{eﬁag& oﬁf?}d-% toM- 96 tand R MRbREpHE REabIE FBBT 40-60 to 60-40. A
higher wt% of HMW than LMW wt% is preferred. The SEC curve can be further
analyzed to give percent of wt% > 1MM, which is the weight percent of the total
MWD that has a molecular weight greater than 1 million, and wt% > 100K, which
is the weight perecent of the total MWD that is greater than 100,000 in molecular
weight. The weight percent ratio is simply wt% > 1MM divided by wi% > 100K.
100,000 was used as an approximate means of dividing the total MWD into a
HMW (high molecular weight) and LMW (low molecular weight) region. This
ratio gives a simple but sensitive indication of the relative amount of the very high
molecular weight species in the HMW region of the MWD. The prefered

embodiment of the polymer has the preferred range of weight percent ratio

(WPR), higher than 10 but less than 30, preferably higher than 15 but less than 25.



The pol yners produced by the process of the invention
can be produced in a wde variety of nolecular weights
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(wei ght average nol ecul ar wei ght (Mv) and nunber
aver age nol ecul ar wei ght (M)7)g are preferably
determ ned using a Waters 150 Size Exclusion

Chr omat ogr aph (SEC) equi pped with a differenti al
refractive index detector (DRI), an online |ow angle

| i ght skaibiet 8@bodiAlehh bilabéd tovleamivd waeighit polymestr év produced
(MI'S). The details of the detector calibrations. are

desiereeensify of 0.83 0 097 ghcapp MIKD) af 0.6 7 0c%2/19min, @l (L21)
G , | 8S,.¢\al
CASTRUY BBLARRL 1D r Lt Dbeiot3 00000,

r e1arof18¢090-200000nnd i ddivitdntof 4 0-40h hiesemhgrhens are peeticularly
pol yners produced have a nol ecul ar wejght distributio

( Byl forhlew maldiggppplagtiges. aThese punedel &@V@ﬁ{s f‘:}i}&l@g%h Bent
R R S b o b T

1. &ctalsabopdrfofhandenofamirodatfioP FreAlss, the béovwolojdedrbotties trim
aMv/ Wvn of at | east 2,

referaply from abo 2 to 60
AHFERIEE R (piralty Bt BHRS LG e weoa&%f%é Q¥ FrsTugent
M’MY%R &fmﬁﬁqohﬁémﬁpﬁ, preferably fromabout 5 to 50. In
an e

odi nent, the polynmer of the invention has a
nat r ow Ak hoht el ' on and a broad
cgéﬁposi‘?%ﬁ&sgélcg{]?%%%ﬂfﬁrg% g#fg%-ver sa, such as
t hose I rs desgri.bed. in U Pat . . 798 7 iss
i ncor pgﬁh%/pg)g}’rﬁ%ﬁs & ﬁ"ek}w?né]f)relrr%a c%gl.ve AER otoﬁg)goa% coﬁﬁ)omnon
erdiaebimsi as héura by @hpositicaddiseibutias Badadlteadex (GDBI).
speci es of nol ecul ar, wei ghts. Preferably, both cs;\)gﬁ{ejci es
arBurherdetails eftdetprauniag thei{aABbof sEepolraar@ie kppyrn tRehets
averaae I r Wels) J 7o MLt -
R RET TR S e REnP e pptin 0% 02002
PGlupblietiedFebeliaey 8,i 199B] which isfullyiincvpstahted bereirhisy Sf@ence. In

raph). By bi- or multi-nodal neans th th C graph
gfsog??)ee@lﬂ%ws H@@omerdam%w% H&é{gxaw & 1&3 éﬁg RRBOOT
n%%{ atdMp ?ff?@%%rlé%@.d three or nore inflection

poi Eﬁ% % [ [

an inflection point is that point where the
second Idenk eabbdiment, thdypolyouewseofithe myezionthave €DBI ogenerally

L A b Pt kR SR I005, Bk 80, BRSiaR ) n the renee

t N 55% to 85%, and more preferably 60% to 80%, even more preferably greater

than 60%, still even more preferably greater than 65%. In another embodiment,
polymers produced using this invention have a CDBI less than 50%, more

preferably less than 40%, and most preferably less than 30%.
F. Melt Index

The polymers produced by the process of the invention can be produced
according to a desired or predetermined melt index, depending upon desired end
use. In one embodiment, the polymers have a melt index (MI) or (I2), as measured
by ASTM-D-1238-E, in the range from 0.01 dg/min to 1000 dg/min, more
preferably from about 0.01 dg/min to about 100 dg/min, even more preferably



positive and or negative slope greater than 20% of the
sl ope before the change. In one enbodi nent, the SEC
w@e@plod9as one positive slope, one negative s|PEEUSHNE021652
inflection point and an Mv Mh of 10 or nore,
preferably 15 or nore, nore geeferably 20 or nore. The
columms are calibrated by running a series of narrow
pol ystyrene standards and the nol ecul ar wei ghts were
cal cul ated usi ng Mark Houwi nk coefficients for the
PGtARhotD.0LEs/kiiffo aont 50 Pgitrin,cint anose plefetbiviy fitom about 0.1
bi - nodal polyners are produced having a density of
0.dggmingtorrbegt I dgmimn M (12) of 0.03 - O 10Og/iOnin,
an FlI (
I50, artryeief bl eborsElfendh M5 sttt e o icthtex
Miad (1509016 Jﬁ)&@madlﬁy A TMMIVIN2 38-F POF f56m 1Prteleass diahny2s,
the parti cuI ar pol yners ow nol ecul ar wei ght

5 f maereipspicrabdyfom %’Gub](?ot)) ave %gi 52 density of
0. 935- %@J;olgggﬁoﬁglgeo@ ﬁ{tﬁﬂ lﬂggféfeﬂr@d eSS Rbnt HR6 binddk

(-50, 00 avi ng density of 0.910-0. 950
0/ifidex rhtio s fiomi pmsﬁra*blﬁ geeafzatitanl morq/pnq@#h]y gfeater thanrd0,

d Iy, 00 t
T hBIEE Bl AP ani BRI, DU FORE R RE e B AL
f ra?l@n\?/ésﬁ ?r&é‘é‘a%@ﬁeﬁﬁﬁ&@t RONBMRY efb6&nent; @it fftymer of the

decon ted using a binodal fitting program 'In one
10 erhueghtivartas amlagommylnceﬂaerglwtehsjnbutmm adiroacheorppagiion

noj.ecul ar \NEI ctl

el B o e e xS st Rods Hons s ARicRRH fu.s.
N SR NG, 81781427 1he ﬂb&@ipﬁ@n bpwﬁféh 3incafpdrastiferamry reference.
preferably from40-60 to 60-40. A hi gher wt % of HWW

tha Wk is preferred. The SEC curve can be
further ana %zed to give percent of %> I MM which

|s the "W% Qhh “%%{181%ﬁtreﬁ§s e §t%e§!:}r Heal ltcBﬁﬁ MO@OM

nol ecul ar- wel r tha wt % >

15 1Qftymeh aﬁd]theq)rblttetlmfghiolypmréraemg sofe dhlamstanet affeckddiby its
that is greater than 100, 000 i n nol ecul ar i.ght. The .
welhafisity p dioF E¥ATIPI8 104 OFE! THSTARISS URHOMSVIPE AR U7 Ho APV cither

S f fi8n, th
g L

vvqmg;hhér iaffidotalvhid. (’II(ﬁ\adJacﬂnemhamex/\m@Htaye laegltcmatlmgn s
ratlo gi ves a Stlvel ndi cat

r €108 1g13,r@t1 tiuafalt?rﬂgtl% ﬁ}llaﬂopngplé gmeala o\ﬂé t}éﬁﬁnﬁlre
20 SRRHES ddid, B% fIWhESS f‘%dﬁftacttlbe’ M cdiTRupitRheIT@tbnomer

units is random, the polymer is “atactic.” When two contiguous monomer units, a
“diad,” have the same configuration, the diad is called isotactic or “meso” (m).
When the monomer units have opposite configuration, the diad is called “racemic”
(r). For three adjacent monomer units, a “triad,” there are three possibilities. If
25  the three adjacent monomer units have the same configuration, the triad is
designated mm. An 1r triad has the middle monomer unit having an opposite
configuration from either neighbor. If two adjacent monomer units have the same
configuration and it is different from the third monomer, the triad is designated as
having mr tacticity. For five contiguous monomer units, a “pentad,” there are ten
30  possibilities: mmmm, mmmr, M, MIIT, MMM, T, MM, I 10T, and

mrrm. A completely syndiotactic polymer would have all rrrr pentads, while a



enbodi nent of the polynmer has the preferred range of
wei ght percent ratio (WPR), higher than 10 but | ess

wWa b@e/0@049 pref erabl y higher than 15 but | ess tPE@nUH0$/oR1652
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anot her enbodi ment, a bi nodal nol ecul ar wei ght pol yner
I's produced having a density g¢gf 0.93 to 0.97 g/cc, an
M (12) of 0.02 - 0.5 g/l Omin, an FI (12 1) of 10-40
g/ 1Onn, an MFR (12 1/12) of 50-300, an Mwv of 100, 000
to 500,000, an M of 8,000-20,000 and an Mw~ Mh of

1QopbletEheisatagid polpner wowld pavd dlbmbaninypentsds. UThd amfighaion
mol di ng_applicatigns. These binodal pol yners exhihi

hi agh beeleterminadpESCRUEIEH M BIHE FRSGPANSE PRACOBGORY s deseribed
P AREleclES SESTISR) syl B Rt RRE K2 18073) ang
Pl ety iy o e
of GuRdiFBABTNGPIeE o Bolngizsbion: Igrediia, PREHO8TS Sexeéésh

| ndex Tlhdl%ggﬁhé( BB gﬁfyg?e?@cénb%\é%ﬂ&él&@d W tﬁl?evﬁrgéebss BF thaw

or broa mpoSI t | stribution as nmedsure _
Cdnpasioni ab waibiust levdisiof tacticBy e ot tinplen o€ such@oBmpers Fchideatactic

RSP0 EHo L0 A PP Ry e hesi otagtte SV R GRS .
PO RAREAnd ARkt BB RNl SheekoTmferuar

which is fully Tncorporated herein by
r efatrl gt the prastioeothisduvamtinn.s Othes ppapiyienepopmeats stide

may have . of 80% or nore qr. may have L. of
SOPTeT e Rlock P imgit SRR BR e ro TRe Feb v & s are
| Y&k AW fANe afDRle foSe:afpes Blg. Paicht Kb 4 BRAGM60S,248,455,
greater than 50%to 100% preferably 99% preferabl

i rfh, 3 He8 laddB6dB4589:5t45 995 74 albefavhish arediessia ingorRprgeddy o
80% even nore preferably greater than 60% still even
nof r?ﬂ'cgf erably greater than 65% In another

enbodi Nrdne eptJoditRés optheduadtotighepoliyhies is potgropyiene that is
have a CDBI_ |ess_than 50% npre preferably |les an .

AOVghIaiapantst 1opRIbY ETERS PyprySiEAlna R UDERG P25 e ient Fipdica
TSl TE B o BACHEY b AU 2
prigeedse vfihedalanebh id gy syntiptectit. g yepawtbesimbedinemd the
?fm%}y;{;?p}?l?% r?lggegg#rgxgg%é@tashgf tﬁg lr%ggtrign g%ﬁgraaelr‘lnz%dt inlt}llqaq ?txhas
low levels of isotacticity and/or low levels of syndiotacticity. In a particular
embodiment, the percent of pentads having mmmm configuration is less than
40%, preferably more than 2%, and more preferably less than 30%. In yet another
particular embodiment, the percent of pentads having rrir is less than 75%,
preferably more than 5% and more preferably less than 50%. At lower levels of
syndiotacticity and isotacticity, the polymer is predominantly or even completely

amorphous, generally has no melting point, is generally transparent and flexible,

and has good elastic properties.

H. Polymer Blends

The polymers of the invention may be blended and/or coextruded with any
other polymer. Non-limiting examples of other polymers include linear low

density polyethylenes produced via conventional Ziegler-Natta and/or bulky



by ASTM D-1238-E, in the range fromO0.01 dg/mn to
1000 dg/mn, nore preferably fromabout 0.01 dg/mn to

W@bwano@® dg/ m n, even nore preferabl yfrom abpei/us2003021652

dg/mn to about 50 dg/mn, and nost preferably from
about 0.1 dg/mn to about 10 gig/ m n. In anot her

enbodi nent of the invention, the polyners have a nelt
index ratio (W 2) Qbi is nmeasured by ASTM D-1238-F)
of from10 to |less than 25, nore preferably from about

1511¢d?1d|1ﬁ§t§116déﬁ@ caBlysid lutaspohersglsstahert, High pressate low density
preferred enbodi nent have a nelt_inde ratl 0 o{é from

priedizethplepe, high-deasity pelyctbylencs, pelyprogyiepesang the kg er

than 30, even nore preferably greater that 40 still

~evken woAppmafcerably greater than 50 and nost
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preferably greater than 65. In another enbodi nent, the
pol ymer Thé filnfeeprodwed using tiegsolpmeawmrof dvis imyerttar lzve\gobpdht

V] BB UER PP eI ERP TS BB ar SV SELT B
| Morldyop ha@’é‘%at 2 dﬂ% an®@ glb38» Hlalprefed®d BDGHRNE, AN &1 (MY Bt =

i s 1ncorpo erei'n by reference G Tacticity The
t e0.23ithp bl 63 ;tmdudeéftlmt bag 945 hglosst dﬂecmmxm pnaferably 8 or more,
conf i gur atl on of a

poRsyTEIuied 9@?%% DiE g FELDEaaEY ey lomi] LR (1.0 mil
tachige Ikb Has el:ﬁ)z{ze ﬁ%rekfess f@ﬁ%sgﬁm"meﬁ% n&éﬁhﬁr@dﬁ?&&ﬂ%D

si dé”'chai ns can have e or opposit
corjosgedliicnnA. | f al | nmononer units have |i ke
configuration, the polyner is "isotactic." |If adjacent
NONOMer ApiHidsS have an al ternating configuration, and
this alternating configuration continues along the

entire pALYERLGAREA by IHSHrBGsY BBhelifvenfi¥h %@Bl@ﬁ&d tﬁereof are
If the co ration of rmononmer units is random the

paisgfuin pmdﬁangany varfetinbarticlse Emﬂmaglplm themlomers are useful

units, have uration., the di ad

St Bigdineeon iR i ocp AR e b as

unydis adB6H AOBLS! fnﬁ»’ecﬁ@ﬁ i Bdiha bh@Fotaryifoldingd Ellﬁ*lsciﬂcl:lh@éjblown
"racem c” (r). For three adjacent npnomer units

 taicad e rfemeedd?r}'ewﬁhfmeemp@rs@{ lotinationgiselit as shaink filmecting
A S PPBR D B AR TSR A gy s
rmg&@cf@y shtkk [ balkay hitbfréfendpPd padkaging)hdivslgiaticaging, dustrial
te Iﬁtglt;:% n%%b%gn%gretc I1I1 fgo\lélnco?l?ajlc?(a:lgg ;onn?o%%q:%lrltagtnallptp?lcatl]tlo\llqg Fibers
include melt spinning, solution spinning and melt blown fiber operations for use
in woven or non-woven form to make filters, diaper fabrics, medical garments,
geotextiles, etc. Extruded articles include medical tubing, wire and cable
coatings, pipe, geomembranes, and pond liners. Molded articles include single
and multi-layered constructions in the form of bottles, tanks, large hollow articles,
rigid food containers and toys, etc.
The films may be formed by any of the conventional techniques known in
the art including extrusion, co-extrusion, lamination, blowing and casting. The
film may be obtained by the flat film or tubular process which may be followed by

orientation in a uniaxial direction or in two mutually perpendicular directions in

the plane of the film to the same or different extents. Orientation may be to the



configuration and it is different fromthe third
nmononer, the triad is designated as having nr

W awbioedosy. For five contiguous nonomer units,PEI/US2005/021652
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"pentad,"” there are ten possibilities: mmm nmmr,
romy, rnnrr, mrm o ornere, o @3rrrrr rrrr, and nrrm A
conpl etely syndiotactic polyner would have all rrrr
pent ads, while aconpletely isotactic polymer would
have all mmm pentads. The configuration can be

d esasrengterd iibhotl dangetiensror meayrtest to differeseatents. Particularly

spectrosco esclibed in cr.onol ecul es 8.687
Aol 3 e imads 4G BERT mngfids SEimepion on
I edREBNEBS oft b bRSvit BeERt film RS, nore information on
pol yner stereochem stry, see G Odian, Principles of

Pol y mer Inzamothsn embadimedt, thepelypaneishs 88em8 i 18@¢e into a film

Pr Len ased. pol n_be. pr.oduced usin e. .
8o O3s ERTLiR 4 3R AEF anihEE e peliEhef of S invention
t aeive @h Ty .vafoedMBloas atfut S 46 BbdR1¥08SAnih Pk MES P8R dbout 2 to
pol ypropyl ene, isotactic polypropylene,” hem -i sotactic
ar@ogyﬁgaﬁmt and meramesmple Femmboni Xtoabest 3hég/maf. I is

prlﬂ%ﬁ%ﬂﬂ}%ﬁﬂﬂ? R 94T e different catalysts in

the practrce o s invention. O her propylene

pol ynerla anothetetabadimeyd, erepdijekofake intRaivh is aiadk Wi HS-
Propyl ene, &3! yners of these types are well known in

t HBOlgpd artigiebyfrgpthadsirpnvan 1y the arhrfoperanyde bybley madisg and
3, . 45 . 851, . AF . .
SRR A e 0 Gt ST o i
erflagel b i of fliofm dHoat 201dg/ntin oo abdu 80 deimyinend peeferably from about

pal.ypropyl ene t is highly isotactic, readily forns
a%ér‘fgé‘f‘g_?/tpiaﬁguts‘{}?‘{%me and has excellent chem cal and
heat r Q§'aﬁétﬁ&cﬁ@nbddﬂn@ﬁ‘to%Hé%olﬁﬂg}%&ﬂ'gfqﬂgmntﬁﬁ?s ma%ie into a gipe

pol ypropyl ene nmade by fhe_process 0 e Invention |
h ibghnqth@igd@iowan thecart.| Forypape appdichtamsgthb pdiymesns of thbénvention

| vpr ne d th rrocess of the inventjion_is
CaY R LYY 8% APRACR Yol pELSRERan Saeerat gy Bom iwoti 25
| 986w dginin IARA6HEr bavodigieat, $heipS¥MUE AhvRakibe bdified 18O
a particul ar. enbodi nent, the percent of pentads having

méreh HPRY UpanPdaT erabodiment, trerpras inpergfoariabbed tomnake

t 0 r ahl s .than 30% .hi yet .

R R s AR S S

hawifergblyrofless shane$5°C highmébprefir i £Teadilyin A€ (IHODISYo
referably Il ess than 50% At |ower |evels of

and nor
39%776@3& El%@)-and isotacticity, the polyner is
pr edompNanihef cfiboBifsht GREBLEHRE Yas an extrusion rate of greater than

about 17 Ibs/hour/inch of die circumference and preferably greater than about 20
Ibs/hour/inch of die circumference and more preferably greater than about 22
Ibs/hour/inch of die circumference.

The objects produced (such as films, pipes, etc) may further contain
additives such as slip, antiblock, antioxidants, pigments, fillers, antifog, UV
stabilizers, antistats, polymer processing aids, neutralizers, lubricants, surfactants,
pigments, dyes and nucleating agents. Preferred additives include silicon dioxide,
synthetic silica, titanium dioxide, polydimethylsiloxane, calcium carbonate, metal

stearates, calcium stearate, zinc stearate, talc, BaSOy, diatomaceous earth, wax,



anor phous, generally has no nelting point, is
generally transparent and fl exi ble, and has good

we@k@shiw4properties. H Pol ymer Bl ends The pol pemens200$/021652
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the invention may be bl ended and/ or coextruded with

any other polyner. Non-limtigyg exanpl es of other

pol yners include linear |ow density polyethyl enes

produced via conventional Ziegler-Natta and/or

bul kyl i gand netal | ocene catal ysis, elastoners,

pl csbamisliack, ﬂmin@hemdéﬁg additivesylodemeletylapwkight teyinghydrocarbon

hi gh de S|ty ol y. S, | ypr | enes an

| | Tegins,| g ass/leﬁai%anéﬁ‘te% Kol adigh ‘%? BRY s PTEent] dli*fh%/Plcaﬂy

POLYITRYE aftlouhfdvwerl ¥RGALH Bk a‘%ﬁ‘éﬁc}%%%(ﬁ%@i@ﬁta%‘%@ 10 weight %

properties °hi one enbodi nent, the filns have a | ow gel

cont ent Theﬂ;i«blmnefsmf&hegmmdaﬁwma}abﬂjblgndmlsand/lom caextruded with any

pre

P hrnet %& Diiiie gl o2 bt iviers G Theat how”
&?1 gbbﬁle ﬁuceﬁsvw['%ﬁ@ﬁtﬁ%alee%@TMa@a%ﬁ%r bhiRya

err Odl nt the 1 m| 3/
h alsgaad madcellqn%neaatdﬁfs1s,@é®tonmrsfpéasm§rs ,Aogloprepsyse logsdensity

PR Sleny, SR A Sin] belam SRR bSBrebyiches artsht fk® ne

bI ends there% are useful i n produci ng any variety of
arkX.c| gkrod l e, the polymers are useful in such

form ng}é@(}peratl ons as film sheet, and fiber extrusion
and co- £ produeidhaideavesthepeasiprigntal tee reastjomsystem

r

L0, AU I BL LRSS LB nlude
usigfthils pabynsdirpiredact ark nmreattied gadnotners aitdnmﬂeshrablel hydrocarbon by-
sealing filns, ariented fil ng, ck packagi ng,
dmrydwg@gf thg ety PEOSERs AlRERASH arerny AR e GByor SV
Y 1=Tol r

R TRHG oo AR SIS ahd B Specialy
amrbblemtlomsth I’Egztrérttsreimmflahmd/mrbctovgm nni ng, solution
spi nni n d nelt blown fiber tions for yse.in
voven ofk SHBEHEY BOTUPR Crfit bR REE) O el e BEpeyet is separated
f afprh GiSe né’fﬁﬂbl‘}ﬁ‘ller ﬁ%ﬁﬂ@%%en(ﬁﬁé’bﬁ?ﬁhbﬂ &THuerfttffom E@étﬂo%dﬁé}
articles include nmedical tubing, wire and cab
c ostdtonse,a rilpmer rgewieentistens sTheapul ypergcoveane s:sstewnﬂ epsepted
artl cl es incl ude S|nt%I

y controlling a variéty of paraineters including temperature, pressure, vapor-

liquid separation systems, and purge systems or vessels.

In one embodiment, the polymer recovery system incorporates the use of
an inert gas to purge or scrub out undesirable entrained material from the polymer
product. The inert gas is a composition that is substantially non-reactive with the
polymer product, and can be used in sufficient quantity as a driving force to
separate the non-polymer components from the polymer product. Examples of
useful inert gases include air and nitrogen.

In a particular embodiment, polymer associated with entrained materials
such as unreacted monomer, hydrocarbon by-product and diluent such as
hydrofluorocarbon is recovered from a polymerization reaction process and sent to
a polymer recovery system. Preferably, the polymer recovery system includes a

purge system or vessel, more preferably a purge bin, and the polymer and



and multi-layered constructions in the form of
bottles, tanks, large hollow articles, rigid food

w@ewbairer s and toys, etc. The filnms may be forPoEUS1¥Y5/021652

any of the conventional techniques known in the art

i ncl udi ng extrusion, co-extru8fon, |am nation, blow ng
and casting. The filmnmay be obtained by the flat film
or tubul ar process which may be foll owed by
orientation in a uniaxial direction or in two nutually
peagsecidied dntraingd neiteriabrese semt tchise plusgeesystbmt Hdefindrigaso

{ hERAGT S ishen PBgr T s uven &1 P ShaTout td dhtrained
di ffrran t}i%i‘étﬁf%ﬁnlngﬁrp‘iﬂg‘e%%ﬁl}’wﬁfcﬁfl@féc@?eré@frbfiﬂ'ﬁe bge

formthe polymers into filnms include extrusion or
cosystanusi on on a bI ovvn or cast filmline. In another

o hobl B Mol PP P R PS8 e
apﬁ’bhﬁgétst@ﬂﬁ frdol &e%l d%t is'i@eﬂefa‘ié & Jéﬁé‘xﬁtea RAntb
1 value of from about about 100 dg/niin,

pr @cfr@pcmnyfrmtmms ab@)pkurallty gf siimouts 250 eacgz}i fraqtiongn streane stored,
prefera 0.a

P RESNBROY R BRI e 2 S i, 181 Tuftermk it it and

t hmaaﬂwdrmbn@hei me dRd tah® RetivhetBsl theirddcfora Thedek@ams can

article by nmethods known in the art, for exanple, by
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apﬁ’llﬁﬁ%@é isq{é%d it} ﬁﬁg é&gbyr%%k&eﬁf it E%ef%ﬁgﬁét% 1%@13{ gasaalggbe

rom about
prebetasdad, preff&mlﬁyabamind&ﬁdmm /Sﬂ‘ba'mtamda'bmyhredffoﬂ@hm in.thd n
anot her enbodi nent, aﬂ&e poégmer of the |n ention js
meRRAYIRE (5CaV By 5%3’“1’59 PHgdae reastien portipn el hepolymsrizatine
psg/lf§ ations, the polyners of the invention have a |2
1 fom about 2 to about 10 dg/ m n and preferably
f r om abbwgneZznttwdabet thés effiyent fromlthe polgmkszatomyemttoren{lashed

the | 1.S0, . .
qulaﬁpﬁlp CafhahdSoortve s At Shkctaiehawm 100%.ef the ligudgmedium to
r}%@&ﬁde%nbéutﬁé%%o‘lﬁnéﬁ]fﬂud@l@hﬂ&(fﬁb&ﬁ%@&h&hlﬂe Fth@r{mggmabe
predicted S-4 Tc for 110mm pi pe of less than -

prastempbshed by reduping pregsure g @aﬁngm}’x@fqyatéf’,ethamgor bbtagned

et RO R kB Aok Ry p i plciGfa withou

gredaipeéssidhaBnd most preferably is condensed by heat exchange. Preferably, the
first flash is operated at from about 140 psia to about 315 psia.

In another embodiment, polymer solids are discharged from a first flash to
a second flash through a seal chamber. The seal chamber preferably is of
sufficient dimension such as to maintain a volume of polymer solids/slurry in the
seal chamber sufficient to maintain a pressure seal.

In another embodiment, concentrated polymer effluent and vaporized
liquid are continuously separated. In a preferred aspect, the concentrated polymer
effluent slurry is flashed in a second flash to vaporize liquid.

In one embodiment of the invention, the polymerization effluent from the
polymerization reactor is heated and then sent to a flash operation.. Preferably,

the polymerization effluent is heated to a temperature below the fusion



about 17 I bs/hour/inch of die circunference and
preferably greater than about 20 | bs/hour/inch of die

w@2ooenooer ence and nore preferably greater thaPCHDS20D5/021652
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22 | bs/ hour/inch of die circunference. The objects
produced (such as filnms, pipegg etc) may further

contain additives such as slip, antibl ock,

anti oxi dants, pignments, fillers, antifog, W
stabilizers, antistats, polyner processing aids,
newtrpatataeros the pobyreraritte, quantitly a€ heattsspplisd dorthet e lygrismition

o1 VIBGH TapisaRY L Fvtseno S Aeartty pAgH Hhegkade heat
p%%%gaﬁ&%ﬁﬂm d nfedhdh WRIEAS RS Ahedet al

stearates, calciumstearate, zinc stearate, tal c,
BaSO4, Thapaymeeslsisean bésepasatgdlar dxyrepptapeiate fhiysicel means as

retardi ddli t.j. , | qw. nol I i, ght i .
oA e S DSBS 80 5% B e anen
adlggiﬁ'yggmﬁﬂlﬁﬁgﬁggpﬁgﬁ§_ent in the typically effective

S we

anmou nown in the art, such as 0.001 wei ght %

to 10 wei giotheyembbdinpot,\aaevateddarbdndis upsdentremaverdy be

bl ended and/.otf coextruded w th any other_ polyner,.
PTG o RUVE it VSRR Rt ARy e apese

| oMteRRS W NerPRRingeliirb @esns ih @Prsesh (khch QPR Edstion

Ziegler-Natta and/or bul ky Iigand metall ocene

c aprabsss) i is usefid toprsvent the essepmalitbe flpergparpenssis theatmegphere.

depsi t o] I j d ' I
oo R B s i B SIS AR BUURES: otnr
Podorimristion pebideds. (Spatifibslay assdneembatiments, uetivatod carben is used
reacti on system caqgntains entrained material that

s Heupmopethsdiarearerpns Figm 2 BRS POIGVHERTOCISREYERd in this
pol y”erlrnbpa[g% ‘PEmBB@nIéHI SRACIET 2B RABBR Svof b ARG S fiRb! e

hydr oca y product< of the reaction process. SO
i nebisonthent raaterialniy adtressere Svaing/Aatsoptibn €S Ambeess alAsPIAat

are not reactive to formdesirable | yner, and are
C SRS P13 G BT P SCHF 1, 1B DT Bt AP gperates
r %Qﬂ@?&ive’%oﬁhﬁ*ﬁ? Latbiab R d] @dnf theSlow fredRi Whild thk otfer

t he pol ymer product is separated fromthe non-pol yner
prayerates & lise (atiredpcpd prbssitre)ahfthe/éagenerationt todp.o Wireawrthe

reactor. to a pol r r.ecovery.syste The, paol.ymer .

r ceserergn Syethyt hegphivSeltig e tearery ity o s s i

Ofre{?éfﬁéﬂef}féraﬁtehﬁﬁh? did16s bR rSdads Frovile@BBifebtively continuous

vaporliquid separation systens, and purge systens or

v path through the system, and a continuous removal of certain components
from the flow stream (i.e. those components that are strongly adsorbed by the
activated carbon, such as fluorocarbons). In another preferred embodiment, when
using the activated carbon for removal of fluorocarbons from a process stream, a
PSA system of a given size could operated at a reduced cycle frequency for
improved reliability and reduced mechanical wear on the switching valve
components as compared to a process stream of hydrocarbons without
fluorocarbons. In another preferred embodiment, a PSA system could be designed
with smaller sized columns for reduced cost when using the activated carbon for

removal of fluorocarbons from a process stream as compared to a process stream

of hydrocarbons without fluorocarbon.



In one enbodi nent, the polynmer recovery system
i ncorporates the use of an inert gas to purge or scrub

wWo@uioc/omdesi rabl e entrai ned material fromthe ppdTHDE2005/021652
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product. The inert gas is a conposition that is
substantially non-reactive wig:h the pol ymer product,
and can be used in sufficient quantity as a driving
force to separate the non-pol yner conponents fromthe
pol ymer product. Exanples of useful inert gases

i ncl udelmadn alenthtivie lefrbgiment, hheadbiabfed cadban icused di aeatety
pol yner associated with entrained materials such as

unigaisk kad” denEFEsam RYYPOBANDSAABYOHSYSERTR t Thgprrapse pl s
such f r i .

DR AT GRS B SRRSO e e

I eaMat sepatati@ntystinef Brtaiicyse, tHeaadpaltygs proddaliey the activated
system i ncl udes a purge system.or vessel, np

ap . . re
presfhanappyld besunta taitkat descabediabayswitheS An dhs sige (aadsgst) of
e ' [ the purge system The
i E&el%gﬁgg}gg)eggtﬁg@s%rﬁgﬁ&lﬁg&?ﬁgﬁﬁ%put into the purge
systemto purge or drive out the entrained nmaterial s,
thereby formng a purge stream which is recovered
frem t hexpuslee system Entrained, non-pol ymer product
material that is separated and recovered as a purge
stgeamiErom the pol yner product is preferably further
separated into conponent fractions or a plurality of
streans i [y SHr
o vent A I e . T A gy W
prebitsinecahd tha ik vae treatedbly passmgchedgine porgeessiva of 3A

separated and_returned to the reactar. se. streans
c Aol e SoaTead 48 AT BEREr SAEROT [ g1t Caffpound
Or 3Ry FUERENy A Je2RPhed hsihfa HPBBYO GEIMSD WHBGwb!

the recovery system it is preferred that the inert
gadimahsiond) eppepal.aTksiGCmobnansalsky a ¥arian Liowd)xv/(ptisdparates

stream ,and recovered for .reuse.| p ner . oy

; aeseeiyn i sps Ak Tk dop St icsongitions
POk EBbt Aleb@by. system |1 n one enbodi ment, the effluent
fromthe polynerization reactor is flashed in a first

fl ash tBheiapownert parasaterd Suttheaualyses werg@s falbows of t he

i quid medi to produ raf.

BT | zeden i SO Rt R SRR BE-ER A 0g [ Famm
reduci ng pregsunén @) by heating. Preferably, the vapor
obt ai ned :

Injector: 250°C, Split 40:1, He carrier, Total flow at 26.2 ml/minute, 4.0 psi
head pressure at 35°C, 0.5uL sample injection

MSD: SCAN Mode, Source Temp. 230°C, Quad Temp. 150°C

Oven: Initial temperature of 35°C held for 5 minutes; temperature

increased at 5°C/min from 35°C to 130°C. Temperature increased

at 20°C/min to 200°C and held for 6 minutes. Temperature

increased at 10°C/min to 250°C and held for 5 minutes.
Compounds detected in the GC/MSD system were not individually

calibrated so the quantities were reported as part per million area (ppma). For

example, if a single compound had a measured peak area of 0.01% of the total GC



in the first flash is condensed, nore preferably the
vapor is condensed w thout conpression, and nost

we@beowd y i s condensed by heat exchange. PreP@r/aii095/021652
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the first flash is operated at from about 140 psia to
about 315 psia. In another egpodi nent, polyner solids
are discharged froma first ash to a second fl ash
through a seal chanber. The seal chanber preferably is
of sufficient dinension such as to maintain a vol une
oﬁ?zgp'c{r}émr 1ROLHE ESthpésitior Rstbd) 8t WaAlepSHaTRHaving a

s icrent to maintaln a pressure seal. |In another

e gbmehtretidn ofclkd@gpmar at ed pol yner ef fl uent and
vaporized ligquid are conti,nyously separated. In a

pr ef er (&G TEYHEA e,S?‘PWEH&EﬁI?:ISHtrat ed pol yner effl uent
slurry is flashed in a second flash to vapori ze
liquid. In one ol GEMSPAdalgis GTERCi236fa t he

pol yneri zation effluent fromthe polynerization
reactor is heated and. then sent tao a flas_h_g.p_e,ration__
Preferably, the pok:p%?jmi on ef PricetotTregmegotited to a
t enper at ure bel ow The fusi ont enper at utpem® t he

pol ymer. The 11U Ty 1 uppl1 ed 0 the

pol ymeri zat i neagéqr%% C?J()lrd;ﬁ%éeer%er ably 1t(1) | east equal
to that quanth®¥ %qfo'ﬁ'gé‘fpe%i_ h equal s ﬁle heat of
vapori zation "éﬂ“afi‘ﬁ@‘g'i”a?,ﬁ”&thf?gdi um whi chéi s to be

fl ashed. The HespiHeErCRAPPESaRANn be sepalfat ed by any
appropri ate plhyse-teirbflusealrrorens wel | . OnelOnon-1imiting
exanpl e is tdrkepar ate the pol yner solids fromthe

di | uent usi n@CHore-eMudrb-brogencagpadrat us. 112 anot her
enmbodi ment, ac i ¥aizaxeRioRprphse Used bgpgnenove the

f 1 uorocarbord(3) Tromthe pol yner streans, hydrocarbon
streans and/or the waste streans. Wen using

f;lEuoro aibons in a process (such as a polynmerization
p 5?%‘3&) it is useful to prevent the escape of the

fiuorocarbons to the er.e. j s_al-so usef
prevent® f%%n‘g .8%155‘650%%: %g F%@:erg% S§ 'ﬁ%(aflﬁgrop ?oé) ra}e{é)o‘%%
OEJE&{ OB YISE PO WsQfefed as §PBRArhpleal IThe results @feshown in
e ocﬂ nents, activated carbon is used to renove the

f Mable@car bons froma gas or liquid process stream In
anot her enbodi ment, the activated carbon woul d be used
as the absorbe j i : e g

Adsor ption (PS abg?%?ﬁ%@sggﬁ"gﬁfﬁgeenp %ys at

| east two separate adsorption colums. One columm

oper at es COMPOUND Prior t(g;‘r:]eae;tment After(l;l';f:;;nent
Trichlorofluoromethane 80 48
C4 Olefin 5 8
1,1-Dichloro-2,2-Difluoroethene 10 17
2-Methyl-1-Pentane 9 --
3-Methyl-1-Pentane 3 -
Pentafluoro-2-Chloro-Propene + Hexane 176 53
Pentafluoro-1-Propene 63 38
Tetrafluoroethane - 34

1,1,1.3,3,3- Hexafluoropropane 999654 999802




as the active columm, adsorbing material fromthe flow

streamwhile the other operates off-line (at reduced
wpe@ssmd) in the "regeneration” node. \When thBCT/US2005/021652

adsorption capacity of the active columm is reached,

the role of the colums is regersed. The alternating

cycles of this process provide an effectively

conti nuous flow path through the system and a

conti nuous renoval of certain conponents fromthe flow
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20  summarized in Table 3.

Example 4

Ethylene was polymerized using the treated HFC-236fa from the second
cylinder of Example 2 as a diluent. The polymerization was carried out as in
Example 3, except that the reaction time was for 60 minutes. The results are

25  summarized in Table 3.

Table 3

Catalyst Added Run Time Polymer Product Productivity
(mg) (min.) (9) (a/g/hr)

1 160 49.3 148 1127
2 156 60.0 60.1 385

Diluent Cylinder




were not necessary. The instrunent paranmeters for the
anal ysis were as follows: Colum: Varian LowOx (10m
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Injector: 2500C3 Split 40: 1, He carrier, Total flow

at 26.2 m/mnute, 4.0 psi hagd pressure at 350C,

0.5nL sanple injection MSD: SCAN Mbde, Source Tenp.

2300C, Quad Tenp. 1500C Oven: Initial tenperature of

350C held for 5 mnutes; tenperature increased at

5C mn from35C to 1300C. Tenperature increased at

20C/ mn to 2000C and held for 6 m nutes. Tenperature
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A cylinder of HFC-245fa (1,1,1,3,3-pentafluoropropane) was obtained and
the HFC was treated as in Example 1. The results are shown in Table 4.

Table 4

COMPOUND Prior to Treatment After Treatment

(ppma) (ppma)
Trichioro-trifluoro-ethane 275 258
Tetraﬂuoropropene 32 27
Chlorotetraﬂuorb-propene 9 8
Chilorotrifluoro-propene 2 2
1,1,1,3,3,3-Hexafluoropropane + 36 56

Chiloro-tetrafluoro-propene

Unknown 5 3
1,1,1,3,3-pentafluoropropane 999641 999646

Example 6

Ethylene was polymerized using the treated HFC-245fa of Example 5 as a
component of the diluent. Chromium oxide was used as the polymerization
catalyst, with dibutyl magnesium (DBM) being used as a scavenger. No
comonomer was used. Polymerization was carried out at a reaction temperature
0f 107.8°C for 60 minutes.

The reactor was purged with nitrogen and 0.1 mmoles of DBM were

added, followed by 250 cc of HFC-245fa. 500 cc of isobutane were then added.



A second cylinder of HFC 236fa
(1, 1, 133*- hexaf | uor opr opane) was obtai ned and the HFC
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Table 2. Table 2 GO/ MSD Anal ysis of HFC 236f a COVPOUND
Prior to Treatnent After Treagment (ppma) (ppnma)
Trichl orof  uoronethane 80 48 C4 Aefin 5 8
1,1-Dichloro-2,2-Difluoroethene 10 17
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S VRUFEPATIZE dntﬁ@eér essure was
Example 7

Example 6 was repeated, except that 146 mg of catalyst was used. The

results are summarized in Table 5.

Table 5

Catalyst Added Run Time Polymer Product Productivity

i .
Example (mg) (min.) (9) (glg/hr)
6 53 60 30.9 583
7 146 60 124.2 851

As shown in Table 5, the productivity increased when the total amount of
chromium oxide was increased from 53 mg to 146 mg. This result was
unexpected since it is well known that the productivity should not depend on the
amount of catalyst used. Normally, the use of higher amounts of catalyst would
be expected to produce proportionally more polymer, but at the same value of
productivity. The fact that the productivity was not constant in these tests
indicates that the reaction was affected by chlorine compound impurities in the
system. Since all feeds to the system (monomers and diluent) were the same in

each experiment, and since the only known impurities were the chlorine



mai nt ai ned at 470 psig by neans of an ethyl ene make-up
system (As the ethylene was consuned by reaction,
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automatically to hold the reactor pressure at 470
psig.) At the end of the reaghion tinme, the reactor
was vented to term nate the reaction. The reactor was
t hen opened, and the polynmer product collected for

anal ysis. The results are summarized in Table 3.
Exaamlfngd c&hpotings én the FTRO Hihmet,itretksuiss indichteehat tieateedion
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160" 49.3 148 1127 2 156 ?0.0 60, 1 385] n t he two . d
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result in the signjficant production.rate difference b
badansial Frbstagns el crab SR Ve (g RIS can be
CRARGAFERIHEEN0 LD thEO KR AJIRNS Foalsst Wase B EBHred

t he uent ‘and the associated inpurities. It is
affpat dretactishembimgs ofitasalystaisebimbaiel2,i thp tasiiting productiviey

PG B R B pap el 167 I Bvanple 5 A

cyl i ndeyyef restits Rifkhécinlibatk tHat IheScHReMivath bxide @RaDRBASY as an
was obtained and the HFC was treated as in Exanple 1.

Theéfectiedcasengerios thawhlonneTapianing inpuities sandgoponsipte that

Prt}ileo([,atztil(})/st-garel %te r&‘s?endt to%&uec[e tIIJ 1%21‘1 %ﬂen&&%fp&f cﬁlPoq'HE)containing
hydrocarbon in the HFC. The additional catalyst present in the system, beyond
that required to scavenge the impurities, can act as a conventional polymerization
catalyst. The scavenging of impurities by the chromium oxide catalyst can take
place in the same vessel or , alternatively, two vessels can be used such that the
first vessel would act primarily as a chlorine reduction vessel and the second

vessel as a conventional polymerization reactor.

Example 8

To demonstrate the effect of chlorine containing hydrocarbon on polymer
productivity, trichlorofluoromethane (CFC-11), which was considered a
contaminant in Example 2, was added to an ethylene polymerization system in
isobutane, using the isobutane as a diluent. Ethylene copolymerization was
carried out in a 2 L Zipperclave reactor. The reactor was first purged under a
nitrogen flow for 2 hrs at 120-140°C. Then, 1.0 M AlEt; solution in hexanes,
CFCl; solution in hexane, comonomer (1-butene or 1-hexene) and 850 mL of
isobutane were added. Stirring was initiated. The reactor was heated to 85°C and
hydrogen was added. Finally, the reactor was pressurized with ethylene to a total

pressure of 300-350 psig and catalyst was charged to the reactor by addition of the
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, 3, 3, 3- Hexaf | uor opropane + Chl oro-tetrafl uoro-propene
36 56 Unknown 5 3 1,1,1 , 3, 3-ggept af | uoropropane 999641
999646 Exanple 6 Ethyl ene was pol yneri zed using the
treated HFC- 245fa of Exanple 5 as a conmponent of the

di l uent. Chrom um oxi de was used as the polynerization
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Tah®Rh as been heated and held a temperature of about 1000°C for about 22
hours. The Crosfield ES-70 grade silica has an average particle size of 40
microns, and is available from Crosfield Limited, Warrington, England.

Catalyst B used in these experiments was a bulky ligand metallocene-type
catalyst made as follows. Into a 2 gallon (7.57 liters) reactor was charged first
with 2.0 liters of toluene then, 1060 g of 30 wt % methylalumoxane solution in
toluene (available from Albermarle, Baton Rouge, Louisiana), followed by 23.1 g
of bis (1,3-methyl-n-butyl cyclopentadienyl) zirconium dichloride as a 10%
solution in toluene. The mixture was stirred for 60 minutes at room temperature
after which 850 g of silica (Davison 948 dehydrated at 600°C available from W.R.
Grace, Davison Chemical Division, Baltimore, Maryland) was added to the liquid
with slow agitation. Stirring speed was increased for approximately 10 minutes to
insure dispersion of the silica into the liquid and then appropriate amount of
toluene was added to make up a slurry of liquid to solid having a consistency of 4
cc/g of silica. Mixing was continued for 15 minutes at 120 rpm after which 6 g of
Kenamine AS-990 (available Witco Corporation, Memphis, Tennessee) was

dissolved in 100 cc of toluene and was added and stirred for 15 minutes. Drying



Exanpl e 7 Exanple 6 was repeated, except that 146 ngy
of catal yst was used. The results are sunmarized in

waawbeo®49 Table 5 . Catal yst Added Run Ti me ROI/Y8®05/021652
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Product Productivity Exanple (mg) (mn } (g/g/hr) 6 53
60 30.9 583 7 146 60 124.2 85y As shown in Table 5,
the productivity increased when the total anount of
chrom um oxi de was increased from53 ng to 146 ny.
This result was unexpected since it is well known that
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to the systemwas the sane in each case (as expected

wi dlimingenclilerade. f eed streans), the amount of catal yst
deactivated by the inpurities can be calcul ated as

equal to 22.4 ny. If this p of catalyst were to

be subtracted fromthe actual anounts of catal yst used
in Table 2, the resulting productivity would have been
the sane in both cases, 1009 g/ophfvhoméhese results

further d'aqaq)i,sgat %thqft‘ HiRg eChr qj%éjm oﬁn%gntcatl’abq&aivia\ct s

as an (ml) (g/g/hr)
A 0 1-Hexene 20 1165
A 15 ymol/3.0 mL  1-Hexene 20 1317
A 83 ymol/0.5 mL 1-Hexene 20 524
A 500 umo!/3.0 mL  1-Hexene 20 181
B 0 1-Hexene 60 1309
B 500 ymol/3.0 mL  1-Hexene 60 871
C 0 1-Butene 60 539
C 500 ymol/3.0 mL  1-Butene 60 361

The data of Table 6 show that adding CFCl; with an amount similar to that
found in HFC-236fa of Example 2 reduces catalyst activity by 33-84%.
Additional Examples

A series of absorption experimental runs were conducted in a simple, lab-
scale column to determine the absorption capacity of two different types of
activated carbon obtained from a vendor. The absorption capacities were

measured with both types of activated carbon using three different types of



effective scavenger for the chlorine containing
inmpurities, and denonstrate that the catal yst can be
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cont ai ni ng hydrocarbon in the HFC. The additi onal

catal yst present in the system beyond that required
to scavenge the inpurities, can act as a conventi onal
pol ynmeri zation catal yst. The scavenging of inpurities
by the chrom um oxi de catal yst can take place in the
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the column and the HFC source were two rotameters (flow indicating devices).

Each rotameter had a flow range of 50 ml/min of air at 21.1°C at atmospheric
pressure. The rotameters were arranged in parallel to provide a flow range of 100
ml/min of air at atmospheric pressure. (The actual flow range of the rotameter
depends on the Mw of the gas. For a gas of known Mw, the actual flow rate can be
obtained from the indicated flow rate using methods that are well known in the
art.) On the exit side of the absorption column, a % inch (0.64 cm) line was
directed down to a coil of stainless steel tubing that was contained within a beaker
of dryice. The chilled coil of stainless steel tubing acted as a condenser to liquefy

(and detect) fluorocarbon gas coming from the absorption column. The
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eﬁ/éllves

d108%d B @iféﬁl‘ tRe column removed
0

cc of t

agde %Bgmédstrhé hﬁﬁeafsé)fn \3151gh1| ofithe sbsofpticnrgiversn WIaetaken as the
e at 67 5 li
Bletigh pLiheBhs Wiy
t Q\?er&%ﬁfd‘/gﬂ 3n§ ke a%gv:g@@ R5B6E q'aE Boled bhie® pfréﬁ%&“é 1o thd ext test.

initiated by vacuum a
( Peight of flugiesarbon adsosb

was CoOo

own an

I schar ged

PSasTopbE Chioe

Into a nitrogen

ur ged

VvV eRs@ls xe]éﬁseamrabxemadl whyi epehing orlnégovingdhg valves, indicating that

pol yper i aﬁgc:’fglqn

met al
of;"hli‘%z‘E A 5 1/3AI d 3,

d @@e Huprae

Ti d

lbipkorbed Bl b PR el SRR o THES

S Was

catal yst prepared froma m xture
and tetrahydrofuran (THF).

The catal yst was supported on silica that was
dehydabled. Atti¢AeCamon dtbapiptidn Results With Fluorocarbon (FC)

Activated Wt. Empty Wt. of Tube
Carbon Type FC Type FC Mw Tube, w/ valves | w/ Carbon
(g/mole) (8 (8)
AP4-60 HFC-245fa 134 394.30 406.42
AP4-60 R-134a 102 394.45 406.74
AP4-60 HFC-236fa 152 394.41 407.14
OVC Plus HEFC-236fa 152 394.46 405.10
OVC Plus R-134a 102 394.44 405.68
OVC Plus HFC-245fa 134 394.45 405.65
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15

description of the preparation procedure can be found

in US. Patent
wo pwenporat ed by reference.

No. 4,710,537, which is herein
The speci fic cat al BGI/US2005/021652

fornul ati on used had a TNHAL/ THF nol e ration of 0.27
and a DEAC/ THF nole ratio of @750 where TNHAL is

tri-n-hexyl
chl ori de.
Type Anount p/p (m)

al um num and DEAC i s di et hyl
Tabl e 6 Conopnoner Catal yst CFCI3 in Hexane
"9/ pr AO 1-Hexene 20 1165 A

al

um num

15//nol /3.0 nL 1-Hexene 20 1317 A 83//nol /0.5 nL
1-Feiene 20 524 A 500 nol /3.0 nL 1-Hexene 20 181 B 0

1- Hexene 60 IB09 v 500 wobfBae L. 1- Hexene|l 6@CAF1 [C_O

1- ButAsitvasd 559 a0 R,/ Gyforrl | VB0t ERe BR .36, ThEC/C Molar

dat £adforTByree| 6 show t|hat | ng CRAserbeflt h| ag APyt Ratio

Thalar + -~ 4+ hint £ i B oo faYo YA £ Q

Si pHar—to—that—found— -G 236fa—of anpre—2

re.iuc;es_c;ai_al_,tsx-—(ﬁ':t P 33-184% (, Heli-tipnat

ExRARMeB0 A sef i 2 1% ahsftl@iT%on lexpefBRent al P3A2 yer £0-0468

cond@ét@ in g sizAfl e | | IR e |col uito det 88 ne  0.0401

t he A®ldsglr pti on cl@pzci tly of13t8io di f f e6@fit t ypeb.504 0.0414

act owat efhscar onl_oqpt allned41firamm a vendgp. The 0.591 0.0467

ab’@ﬁﬂﬁPﬁ capaci{li£s [Wergogzasured whhh bof NoU¥eeY Of 0.0549

o S Pl T ™ [ Szt YPeF 0602 | 00539
Ty GO goOTrocTarourTT (1T UL o9Ad, T om ZouUl 4, armrg

HFC- 245fa) . Results_of these experinents are, is%)q\gn in

Tabl es Thehgve feststpdicaisdat fhe a4 Vaise GrrRonaatesialsdiad, c

(12988 A bEBiREeA 13 d0ler&s b Lt ed

onlmélz}ﬁggegrl%ggeaak%géqf ?ﬁigﬁ 1. 27% st%e}less st eel

t ufiiarocanaens By M Gglitras edicdtediop TdblesT apd)I. Wtuls ima preferred

i nt ernal

di

meter of 0.430 inch
embodiment, the vent streams from a process

(10

could%enﬂm-i'ﬁed (i.e. fluorocarbon

removed) with reduced amounts of activated carbon than would normally be used

in an activated carbon bed in a hydrocarbon process.

Having now fully described this invention, it will be appreciated by those

skilled in the art that the invention can be performed within a wide range of

parameters within what is claimed, without departing from the spirit and scope of

the invention. All documents described herein are incorporated by reference

herein, including any priority documents and/or testing procedures. Likewise, the

term "comprising” is considered synonymous with the term "including" for

purposes of Australian law.




The col um was packed with one of two types of
activated carbon obtained from Cal gon Carbon
w@eoopoowsd on. The first sanple was descri bed bRCT/Ig2005/021652
vendor as "Cal gon Activated Carbon, Type AP4-60." The
second was described as "Cal ggn Activated Carbon, Type
OVC Plus 4X6." The AP4-60 activated carbon was in the
formof cylindrically shaped pellets, while the O/C
PlapaiRierial was in the formof flakes. Both of these
C%‘OTTTSCK;\Ere crushed with a nortar and pestle to a
smaller size to fit inside the absorption columm. The
crushi ng reduced the average size of the particles or.
flakes to apprOX| mately 25 to 50 percent of their
_origin iz fine G ass wool
Thsarteli on BopeEEtgt PoRES s R e BER et
¥i8R) af 1ead? oBY §ldhoRBY aribd RyitofibR£b6Elol fgdica atplyinhe,
agvae areas. The HFC-245fa was_obt ai ned fﬁﬂ _Iﬁ .
Howlesyeielthe m@}sttman W\ém@dthg mqumer rﬁa?rpduqed&entﬁ@ﬁeo EHglegtdorine
3000, . The fa was 2ont, mar ket ed
s‘:ogﬂﬁﬂ\n&%ﬁﬁ car C(?%uf Elgr vv%gﬂ;a%%a Ofti ve grade
material, marketed as R-1 34a. These materl als were
used as received w thout purificatjon,

f1 uor ocar bonTMel%roaqSF ehwlgin é Wlafaem.ﬂz%m@?m{?dn Whighythe pplymer
hol d

argdedt&ethbﬂ:ﬂ)ppma.ce were two rot amet er s (flow
i ndi cating devices). Each rotaneter had a fl ow range
of 50 mM/mn of air at 21.1 C at atnospheric pressure.
The rotamet ej;lﬁa %ﬁ‘gé& ?f 5199199 dwhé}elﬂ%@fnllﬁhretlﬁ wWHi@Vihd §oBmer
flow range .of 1 mn of air at atnospheric
priepsidueed ¢ofitensind single Chlowine aomjeinofg Itydeocadtoarpetpound at
depends on éhe Mv of the gas. For a gas of known My,
t HEeethalt 21 PRRPr at e can be obtained fromthe
indicated flow rate using nmethods that are well known
in the art.) On the exit side of the absorption
col um,4.a 1Afhermhce(8®03qlamm¥ whqreln\xh@m@ttu@dneﬁn@bthﬁ pplymer
a.coil of, stai.nl ess C
it Riouded aBip® 57 Snfls SRlopht Al pliihafR R tipdt a
@égﬂéﬁg&g@ atubing acted as a condenser to |iquefy
(and detect) fluorocarbon gas comng fromthe
absor pti on col um. Thedownstream end of the condenser

coi | nt}he%r&?es% E?Clglm 5\9&&%1?1 t]#e ak;glteﬁzgtfbﬁqs BRAEd out at

Pri or to eac e weight o

(Wﬁrbd@tl&ﬁ?O\ﬂ/@DIIeaﬂﬂGO‘g@/MeS) was wei ghed and recorded
as the tare weight. The colum was wei ghed

6. The process of claim 5, wherein the polymerization is carried out at

a productivity of at least 500 g/g/hr.

7. The process of claim 6, wherein the polymerization is carried out at

a productivity of at least 600 g/g/hr.

8. The process of claim 7, wherein the polymerization is carried out at

a productivity of at least 700 g/g/hr.



again after the addition of activated carbon. The

colum was then connected to the feed and exit |ines,
wa@eaeHha9ey ocar bon (as a gas) was passed thr ougPCT/082005/021652

adsorption colum. The flow rate of fluorocarbon was

set at an indicated 25 to 3099l /m n on each rotaneter.

Initially there was no fl uorocarbon condensed in the

coil, indicating that the fluorocarbon was being

adsor bed by the,8edsk ¥atigeh §a0REn ithe pA1PmERLHIIN is Edrf¥d out at

t hrough the col'um was continued until sonme |iquid

bagaodiativitypif bt leastt800f/glire end of the condenser. This

i ndi cated that fluorocarbon was no | onger being

adsorbed by the colum, and the |imting adsorption

capaci ty, hadr cds§8£818kh 1, Wigeréih av¢ §61yikLfidaas &@fed out at

gas was allowed to continue one nore mnute to ensure

c arfpilkmgotuntigreatérdhan awtlot he fl ow was then st opped.

The val ves on either side of the absorption colum

were cl osed and then the columm renoved and wei ghed.

The i nqreaserhdiprébdss b clgin 1 0)evirbsin e podymediation is'@sried out

taken as the weight of fluorocarbon adsorbed. Upon the

c ahplfeulingrofaiot gteater than 4:Wi&o.val ves were rempved and the

activated carbon was poured out to prepare for the

next test. No gas rel ease was observed when openi ng or

renovi N@. t heThaproess of cldin bl iwtgrdih e fidigmédization deamded out

initially adsorbed during the tests remai ned adsorbed

ot @ flenliigiqhigt ereatentisBs Wttabl e | . Activated Carbon

Absorption Results Wth Fluorocarbon (FC)Table Il The

above tests indicate that the activated carbon

mat eri ai3s hébhespropass of clginy 12y ivdterein sor il jroerizatipads ¢armed out

of between 34 to 60 }ggrce@ of fluorocarbons by wei ght

adt # feplmgafaot gropieh iR 2\Witq || . Thus in a preferred

enbodi ment, the vent streanms froma process could be

purified (i.e. fluorocarbon renoved) w th reduced

anount sldof dEhd ratess o elripo 3, twiereindid pplyoemzation ipearried out

used .in. an activated carbgn bed in a hydrocarbon
pl%éé%‘gl.ng#ﬂao&]émﬁ%ﬁﬂ}aﬂﬁl @escri bed this invention, it

will be appreciated by those skilled in the art that
the invention can be performed within a wi de range of
par anetlér s \haraceshat clpign bl vdierein thehydsetieorgessben sng

fromth P Fit ang,scope of the invention. All
dS%Rfﬁ?ergs@e@&f?%u “herein are incorporated by
reference CHyF,

wherein x is an integer from 1 to 40, y is greater than or equal to 0, and z is

an integer and at least one.

16.  The process of claim 1, wherein the at least one monomomer
includes one or more of ethylene, propylene, butene-1, pentene-1, 4-methyl-
pentene-1, hexene-1, octene-1, decene-1, 3-methyl-pentene-1, norbornene,
norbornadiene, 3,5,5-trimethyl-1-hexene, 5-ethyl-1-nonene, vinyl norbornene, and

ethylidene monomers.



herein, including any priority docunents and/or

testing procedures. Likew se, the term"conprising" is
w@omvsioamied synonynmous with the term i ncl udi nRCT/U82005/021652
_purposes of Australian [aw. CLAIMS 1. A pol ynerization

process, conprising mxing tegether a catal yst system

at | east one nononer and a hydrofl uorocarbon to

produce a polynmer, wherein the m xture in which the

pol yTer i S PRRAHG6EA; 6RIki NSwRciB RORoGH hlditing

cont ai ni ng hydrocar bon conpound at greater than 40

ppFarocarbohivemppundimsiudés eneairmdre comppwids remesertedibyrthe

i n which the polynmer is produced contains no single

cAPBrlde contai ni ng hydrocarbon conpound at great er

than 30 ppma. 3. The process ofcgh&@ My 2, wherein the

m xture in which the polyner is produced contains no .

si ngl e weldreinianis aw oreger af frgmhlyiorlde bihahintegapefifemdito 13, c1s

it R at e} Poitd At RegReY SO S F1S' bt oiuced

contains no single chlorine containing hydrocarbon

conpound at greater than 20 ppma. 5. The process of
cl ai m 1,8. whekhsi progaseopelpiprbyr Wheaeindhe ¢hioBrg qongdnipgt  at

a.productivity of.,at |ea 0 6. The process
o#l%éﬁ‘)& °8 ’cowﬁgpxéq % Sf ]ﬁgte%(&;ﬁo;f}] n@l F %%%ﬁ Sllgténgcé}?r i ed out
alyri@h1OfoPRheEInhethdne, Bdxaftiodoekistopbdifing/ dldrvtetrdafluckbpropene,
process of claim®6, wherein the fxnerization ié

j/ hr .

) ! e pol
c ahloretiflygropsepeac,ph, bisdiqrgiZ 3 dgluorgetheng pengdigoryr
8. . The cess of claim7, wherein the polynerization
i§h£°5?1?’tlgé%lec')ut at a productivity of at |east 700
g/ g/ hr.9. The process of claim@8, wherein the

pol ynerization is carfied out. at. rqductivity. of at
| east 900 g/Gramrocesp ot elpimn T‘Sléeéglgaﬂ&%)c}gf’%?‘?ﬁoi’:‘al €rein

t |M:[5Er Wl I e nuhandt @ fouling of not
grggﬁgr t 53&@53§3?‘§?99§%2 process of claim 10,

wherein the polynerization is carried out
20.  The process of claim 1, wherein one or more of the chlorine

containing hydrocarbon compounds are removed from a mixture containing the

hydrofluorocarbon prior to producing the polymer.

21.  The process of claim 20, wherein the mixture contains a total

amount of chlorine containing hydrocarbons of 50,000 ppm or less, by mass.

22.  The process of claim 20, wherein the one or more chlorine
containing compounds are removed by one or more processes selected from the
group consisting of distillation, extractive distillation, contacting with metal
permanganate, contacting with chromium oxide, adsorption, reactive distillation,

and contacting with one or more decomposing agents.

23. A polymerization process, comprising
a) mixing together a catalyst system, at least one monomer and a

hydrofluorocarbon; and



at a fouling of not greater than 4 wt% 12. The

process of claim1l, wherein the polynerization is
w@arosied4out at a fouling of not greater than BCTS2005/021652

13. The process of claim 12, wherein the

pol ymerization is carried oufolmt a fouling of not

greater than 2 wt% 14. The process of claim 13,

wherein the polynerization is carried out at a fouling

of not r eatfBfmingake folyin® inlthe prEbercpoOnEpFearr thimdOrpiima of

wherei n"t he hydrofl uorocarbon 1s represented by the

f anpnsingle oy comtairing hydrosarhen PoERYWE: from 1 to 40, y

is greater than or equal to O, and z is an integer and

at | east one. 16. The process of claim1, wherein the

at | eastq, onerH¥gReceRRef claing RBideisren eheanixme én which the polymer

et hyl ene, propyl ene, butene-1, pentene

-1,
4-inprodyegsqontsies nojsingle ghloaing cojemgdlygrocapen sempound at

3-net hyl - -1, norbornene, norbornadi ene,
&3%%@%&@¢é§%@ﬂgl-hexene, 5-et hyl -1 -nonene, viny

nor bornene, and et hylidene nononers. 17. The process of
claiml1l, wherein the ¢hlorine containing hydrocarbon
conpouﬁ@-inéﬂﬁﬁﬁ@“ﬁﬁ@?@Fmﬁ%%é“%6ﬁ535HB§%P8é?3§ 1ggpgvnwr
h _ . . . . am

1 Fplo R iR HOEELhnl 00RO e

| regarthaf 2§ ppma.l to 6, and d is an integer of fromO

to 13. 18. The process of claim1l, wherein the

chl ori ne contai ning hydrocarbon conpound is sel ected
from thg aropp 506ss 8t 8RN 05, wildréif thedfiBinlrd 9 Gishte Bolymer
hexaf | uor ochl oropropane, chlorotetrafl uoropropene,

c Hé produicédf dontainsmogingle chlorine containing hydrocarbon compound at
1,1-dicFIo @-%hz-difluoroethene, pent af | uor o- 2-

cﬁ?ﬁ?ﬂﬁ ﬂb% BP4-9  The process of claim1, wherein the
chl ori ne contai ni ng

27.  The process of claim 23, wherein the polymerization is carried out

at a productivity of at least 400 g/g/hr.

28.  The process of claim 27, wherein the polymerization is carried out

at a productivity of at least 500 g/g/hr.

29.  The process of claim 28, wherein the polymerization is carried out

at a productivity of at least 600 g/g/hr.

30.  The process of claim 29, wherein the polymerization is carried out

at a productivity of at least 700 g/g/hr.

31.  The process of claim 30, wherein the polymerization is carried out

at a productivity of at least 800 g/g/hr.

32.  The process of claim 23, wherein the polymerization is carried out

at a fouling of not greater than 5 wt%.



hydr ocar bon conpound is trichlorofl uoronethane. 20.
The process of claim1, wherein one or nore of the
W@ hioend99¢9 cont ai ni ng hydr ocar bon conpounds ar ePCEDB2068%021652
froma m xture containing the hydrofl uorocarbon prior
to producing the polymer. 2 3102The process of claim
20, wherein the m xture contains a total anount of
chl ori ne contai ni ng hydrocarbons of 50,000 ppm or
| ess, by nmass. 22. The process of claim?20, wherein
the one or nore chlorine containing conpounds are
renoved3By oifke processiod clsi 3dswhereidhe pelymerizgianip earried out

group. consi sti.n f distildation, extractive
di &3 fPPﬁF“F Sﬁl,mt@g???eéé%nn‘{g“'l[vﬁ/"t h metal pernanganat e,
contacting with chrom um oxi de, adsorption, reactive
distillation, and contacti ng Wi th one or nore

!

deconpod4ng Zbeprosess2sclam 38| YhereinAhe pelymsrigatiogds carried out
conpri si-n m_xi n oher a catalyst system at
Iéggﬁbghggﬂgﬁgﬁg?m%%g&ggﬁigfofIuorocarbon; andb)

formng the polynmer in the presence. of not greater

t han 40 gpma of any single chlorine containin

g . .
hydr oca?bon &bepeaess of oleim Phewhergindhe pelymerizgtipnis carried out
wher ed ny: | ' jogh the polynmer is produced
co%tag:oﬁlslﬁ%gf@t%%géé%@o%é' cont ai ni ng hydrocar bon
conmpound at greater than 30 ppma. 25. The process of
claim24, wherein the_njxtyre jn whjich the .paolyner i.s
pr oduce%f;'confg? PQcesS oL B?gsc‘ﬁ g eB%IHF’ﬁFE?tWé 15 carried out

hy 41968506 HaghAt] @egater than 25 ppma. 26. The
progesslo clfégi%?n&%, wherein the mxture in which the

pol ymer i s produced contains no single chlorine

cont ai nihg hydrocarbon co und at greatep than, 20.
o 2 Th R ST SRR 3 Whesa il ERlrpfugngBiodn s
pqleigﬁﬁéﬂtg@t,j,gféfbﬁmg@_rri ed out at a productivity of at
| east 400 g/ g/hr. 28. The process of claim 27, wherein

the polymerization is carried oubdd#za productivity of

at | eas\%/heSrgl% )91/s%41ri]rr1t6ger from 1 to 40, y is greater than or equal to 0, and z is

an integer and at least one.

38.  The process of claim 23, wherein the at least one monomomer
includes one or more of ethylene, propylene, butene-1, pentene-1, 4-methyl-
pentene-1, hexene-1, octene-1, decene-1, 3-methyl-pentene-1, norbornene,
norbornadiene, 3,5,5-trimethyl-1-hexene, 5-ethyl-1-nonene, vinyl norbornene, and

ethylidene monomers.

39.  The process of claim 23, wherein the chlorine containing
hydrocarbon compound includes one or more compounds represented by the
formula:

CLF,CHy
wherein a is an integer of from 1 to 14, b is an integer of from 1 to 13, c is

an integer of from 1 to 6, and d is an integer of from 0 to 13.



29. The process of claim28, wherein the
pol yneri zation is carried out at a productivity of at

WO e@sHoP@D g/ g/ hr. 30. The process of clai m 29PCTHIg2005/021652
the polynerization is carried out at a productivity of
at least 700 g/g/hr. 31. Thejgy ocess of clai m 30,
wherein the polynerization is carried out at a
productivity of at least 800 g/g/hr. 32. The process

of claigy 23, THh5b&sHot PR, YRk dik e Dilbrire coAtafriggd out
at a fouling of not greater than 5 wt % 33. The process

oﬂlydltoaarhoﬁmepbmndels isele¢ted fomytire grovgtdopsisting @far ri ed out

nq%pegﬁ géexgaﬁ al lﬂ}ogﬁogaag%%@? etr%f}uoggprogene
Cgﬁfoﬁr&ﬁfﬁHﬁoﬁé eﬁeflo%icﬁﬂ)r&fl N@iflubfoRbicaE, fehfludrovt-%
35. The process of cl ai m 34, wherein the

pehlomeproperte. on is carried out at a fouling of not
greater than 2 wt% 36. The process of claim 35,
wherein the polynerization is carried out at a fouling

of not gr eatBe frb@Rs df Mike 43 Wheldig thy i@ ife ohtaliigg m
23, wherein the h drofluorocarbon is represented by

t hediogarhon£ompe tiighdoreflnoremethagd. i nteger from1 to
40, y is greater than or equal to 0, and z is an
integer and at | east one. 38. The process of claim 23,
wher ei m2t he Fie fré@ss ofsiginn28) wvherain ohe ot mdfesofci}n@c}dorine
nore of ethylene, propylene, butene-1, pentene

4 cpaleppbYfirapasbon conpopaipare rereyhEom 2 THEEER 80%3111111% the

3 PR PR o A o PR e, vi ny!
nor bor nene, and ethylldene nononers. 39. The process

t claim 23, wh t
Pyl o dPbon TR0l AEPURLSSHEn G Mo ae CONpB AL

" SR{RREHE cqgorl?ﬁ/e doneidifg H}Hr@earbons of 50,000 ppm or less, by mass.

44.  The process of claim 42, wherein the one or more chlorine
containing compounds are removed by one or more processes selected from the
group consisting of distillation, extractive distillation, contacting with metal
permanganate, contacting with chromium oxide, adsorption, reactive distillation,

and contacting with one or more decomposing agents.

45. A polymerization process, comprising:

a) removing chlorine containing hydrocarbons from a mixture
containing hydrofluorocarbon to produce a hydrofluorocarbon product containing
no single chlorine containing hydrocarbon compound above 40 ppma, and

b) mixing the hydrocarbon product with at least one monomer and a

catalyst system to produce a polymer.

46.  The process of claim 45, wherein the mixture in which the polymer
is produced contains no single chlorine containing hydrocarbon compound at

greater than 30 ppma.



G aFbCcHd wherein a is an integer of from1l to 14, b

is an integer of froml to 13, c is an integer of from
wazae/o®94end d is an integer of fromO to 13.4PCT/Ukm®05/021652

process of claim 23, wherein the chlorine containing

hydrocarbon conpound is sel gghed fromthe group

consi sting of: trichlorofl uoronethane,

hexaf | uor ochl or opr opane, chl orotetrafl uoropropene,

chl orotrifl uoropropene,

1, 1-dichloro-2, 2-difl uoroethene, pentafluoro-2-

chl or opy.opemae prbcass ofeinimrd6s wherenf the hukuresio, wivgtetheipalymer

the chlorine contajning hydrocathon, c und i s
Cisipsedused cPUaINS e SR Chlorne oA RICEaTboIL sopguad ot
wher ej re of the chlorine containing
h?gptg{:g}}a%% p%(%nrfaggunds are renoved froma m xture
cont ai ni ng the hydrofl uorocarbon prior to producing

t he polymer, 43. The ocess of claim.42. wher.eipn th
mi xt ur é8.contlBf REOCESSIAEC 1mé1§0}yﬁ§reglft%g PP “213%% {ahlerﬂor??'éner
h i |88 hPdrofaBbsn catipouhli@t
p%ég%(g@?eg? Blztlagl% r%é%lzn%@v\%}g%e?o{l he o%e?dgr nor e cgﬁﬁ; ori ne
corehiet tHian@Ogpm@eounds are renoved by one or nore
processes selected fromthe group consisting of
distillation, extractive distillation, contacting with
met al  per mangapaicess STRIHIACH), Hietdir the pblyaitrianticnis derried out
adsorption, reactive distillation, and contacting with
oater wodnasivitydd eblep $0A@/elfent s. 45. A pol yneri zati on
process, conprising: a) renoving chlorine containing
hydr ocar bons from a m xture cont ai ni ng
hydr of kgor oqae baftets el aniude waetjrthe bblyarenizatidinis carried out
product containing no single chlorine contai ning
hytckr prodnasbitycd ghlsasi 09 40 pprma, and b) mixing the
hydr ocar bon product with at | east one nononer and a
catal yst systemto produce a polynmer. 46. The process
of cl asm 45 ThepascessrofichemmiOy whersin thephlyokerizhgorpis|opyried out
i s produced caontains no, sjngle chlorine containing
hylck BredrEBRY A sblati @09 Heat er than 30 ppma. 47. The
process of claim46, wherein the m xture in which the
pol ymer o

52.  The process of claim 51, wherein the polymerization 1s carried out

at a productivity of at least 700 g/g/hr.

53.  The process of claim 52, wherein the polymerization is carried out

at a productivity of at least 800 g/g/hr.

54,  The process of claim 45, wherein the polymerization is carried out

at a fouling of not greater than 5 wt%.

55.  The process of claim 54, wherein the polymerization is carried out

at a fouling of not greater than 4 wt%.

56.  The process of claim 55, wherein the polymerization is carried out

at a fouling of not greater than 3 wi%.



i s produced contains no single chlorine containing

hydr ocar bon conpound at greater than 25 ppna. 48. The
wpe@ese®4of claim47, wherein the mxture in wWeTOS1008021652

pol ymer i s produced contains no single chlorine

cont ai ni ng hydrocarbon conpoypsl at greater than 20

ppma. 49. The process of claim44, wherein the

pol ynmeri zation is carried out at a productivity of at

| east 400 g/g/hr. 50. The process of claim49, wherein

the polynerization is carried out at a productivity of

at | eas§7.500Tly prohess of tlaiTi§6, wheseiadhe palymenzationgs carried out

wherej n.the I ri,zatjon,is carried out at a
pr%&fe‘f'%?f)}%gﬁ}l erlﬂéaé‘sét“%{ﬁo g/ g/ hr. 52. The process

of claim51, wherein the polynerization is carried out

at a productivity of at l[east 700 g/g/hr. 53. The |
processs®f cTlad prosess ofialaineiSh, Wheseipdhs/palymgrzation is earried out

carried.out. at a productiyw,ty of at |east 800 g/g/hr.
54t 2 lrﬁ‘bf&?i?e&?ergffagﬁn 8 “wherein the

pol yneri zation is carried out at a fouling of not
greater than 5 wt% 55. The process of claimb54,
wher ei 5% he Pt preess pAciann 45 swhaeinitephysetlugrogarbenisi ng

of _not agr r 4 % 56. The process of claim
55r,ep]§ﬁﬁ%$eecf%;@ﬁefgpo ?/'meri zation is carried out at a
fouling of not greater than 3 w@F, The process of
clai m 56, wherein the polynerization is carried qut at

a f oul | WeeTein Xisandnigartdromt hAn 4 Y ggeatss thapr eggldadsand 2 is

of__cl ai , [N the polynerization is carried out
atanalh%g%q%ﬁgato g{n(%{e'greater than 1 wt% 59. The

process of claim45, wherein the hydrofluorocarbon is
repr esent ednj,bl'{ the for
c

| a: F2 wherein x is an
i nt ege!r6Q’* r on e Rrgeess of gﬂifg 4@9’(’5}}%—% gp tl?%%ﬂe%Fo%eqﬁgpo?grnﬁf
andcifddsdone or more of ethylene, propylene, butene-1, pentene-1, 4-methyl-
pentene-1, hexene-1, octene-1, decene-1, 3-methyl-pentene-1, norbornene,
norbornadiene, 3,5,5-trimethyl-1-hexene, 5-ethyl-1-nonene, vinyl norbornene, and

ethylidene monomers.

61.  The process of claim 45, wherein the chlorine containing
hydrocarbon compound includes one or more compounds represented by the

formula:
Cl.FyCcHg
wherein a is an integer of from 1 to 14, b is an integer of from 1 to 13, c is

an integer of from 1 to 6, and d is an integer of from 0 to 13.

62.  The process of claim 45, wherein the chlorine containing
hydrocarbon compound is selected from the group consisting of:
trichlorofluoromethane, hexafluorochloropropane, chlorotetrafluoropropene,
chlorotrifluoropropene, 1,1-dichloro-2,2-difluoroethene, pentafluoro-2-

chloropropene.



an integer and at |east one. 60. The process of claim
45, wherein the at | east one nonononer includes one or
worene/oao4®et hyl ene, propyl ene, butene-1, pent enPC/PS2005/021652
_4-met hyl pentene- 1, hexene-1, octene-1, decene-1,
3-net hyl - pentene-1, norbornengg norbornadi ene,
3,5 5-trinmethyl -l -hexene, 5-ethyl-I|-nonene, vinyl
nor bor nene, and et hyli dene nononers. 6 1. The process
of claigg 45, T 8438 of B18int B OVhAREInGRNERbIMd @ntaining
hydr ocar bon conpound i ncl udes one or nore conpounds
r epydesm@rib@rconypoithé isftctotadtuotingtha@sHd wherein a is an
integer of froml to 14, b is an integer of from1l to
13, c is an integer of froml1l to 6, and d is an
. integergpf framBedsd ot dain®ds, whkeiRtRERSGuRicofiladis 4l
wherein the chlorine containing hydrocarbon conpound
i simyming of eldofinoeantdieing hydgecerdars ef $0:P0q7pm or less, by mass.
trichl orof | uor onet hane, hexaf | uor ochl or opr opane,
chl orotetrafl uoropropene, chlorotrifl uoropropene,
1, 1- di c¥.or OTiHe Bo6lisk bPglape b eviereinghd édd o1ahiére 2hlorine
chl oropropene. 63. The process of claim45, wherein the
c Ivloptaiming compeunds ats 1ep@vethy PemocRsdupepsses selected from the
trichl orofl.uor . . : : S I
B R e e
C Hethibm@naRtdaitatting withtheqaivhoosidafadsépaa) regetive distillation,
| ess, by mass, 65. The process .of claim45, wherein
t ad seatagtingyith ope POMPHCHMPAFAE AFEonpounds ar e
renoved by one or nore processes selected fromthe
group consisting of distillation, extractive
di stil lGd.i onA pohymenizbtiorgpracesk, coptadsinger manganat e,

contacting with chrom um oxi de, adsorptio reactive
di stil 1@t i orfTRNEEE CPAGIHRE ﬁ}’%ﬂ“e"%@smﬂ%a mixture
d %ﬁﬂ%ﬂﬁ% g?dl‘g)ﬂﬁ%éarb&@to pﬁ‘ol YA dr&fldr&hr i 8&sot; and

conpri si renovi ng chlorine containing
hydr ocanbonsmiximgithe hyiirecarben pmduel witl gt least one monomer and a

"0l 4or oear PO R A4 Raft 4B gL uor ocar bor

67.  The process of claim 66, wherein the polymerization is carried out

at a productivity of at least 500 g/g/hr.

68.  The process of claim 67, wherein the polymerization is carried out

at a productivity of at least 600 g/g/hr.

69.  The process of claim 68, wherein the polymerization is carried out

at a productivity of at least 700 g/g/hr.

70.  The process of claim 69, wherein the polymerization is carried out

at a productivity of at least 800 g/g/hr.



b) m xi ng the hydrocarbon product with at |east one
nmononer and a catal yst systemat a productivity of at

WO e@st099@ g/ g/ hr. 67. The process of clai m 66PCTMIS2005/021652
the polynerization is carried out at a productivity of
at | east 500 g/g/hr. 68. Thejpyocess of claim67,
wherein the polynerization is carried out at a
productivity of at |east 600 g/g/hr. 69. The process
of cl ai 68, TNd§6EsE of BIGINP 90 yWEdrtiRahd Miktin® i€ Mhidhatle Pollymer
at a productivity of at |east 700 g/g/hr. 70. The
pris pexkiced cultzinmmeonglaisblosing copfainiig lydseqarhen; copmpoynd at
carri.ed ouE1 at _a productivity of at |east 800
o/ GFHFT B AGRRMA, (cess of cl aim 70, wherein the
m xture in which the polyner is produced contains no
single chlorine containi ng hydrocarbon  conpound _at

gr eat er72. hanTlxoprppess of dlaim Thevhareladbemisturs|in whichithe polymer

conpadetd ST SuP oohaR cofisR W lcoh oA ER

Coffpabnta@B0 gp@at er than 30 pprma. 73. The process of
claim72, wherein the mxture in which the polyner is
produced contains no single chlorine containing

hydr oc on t . .

ot ocese B ol HoYRHof1af 72 Ferlilifl SRRRTR whid hg Paymer
pdk preefuceédoqntank wesdnglo chlaring comtamingphyelradaiboni compound at
cont ai ni ng_hydr ocar bon conpound at greater than 20
pﬁ?ﬁ%terﬁ@%ﬁéplﬁﬁocess of claim66, wherein the

pol yneri zation is carried out at a fouling of not

greater than 5 % 76. The process of claim?75,

wher ei 74 he Pod pyroesss efelaion 73, svieaeiniteeimatrarean whichghé pelymer

70 PSP i Bongee hotipt s dih R A cof S a

f outdtagmed 20ppmar eat er than 3 wt% 78. The process of
claim 77, wherein the polynerization is carried out

75.  The process of claim 66, wherein the polymerization is carried out

at a fouling of not greater than 5 wt%.

76; The process of claim 75, wherein the polymerization is carried out

at a fouling of not greater than 4 wt%.

77.  The process of claim 76, wherein the polymerization is carried out

at a fouling of not greater than 3 wt%.

78.  The process of claim 77, wherein the polymerization is carried out

at a fouling of not greater than 2 wt%.

79.  The process of claim 78, wherein the polymerization is carried out

at a fouling of not greater than 1 wt%.



at a fouling of not greater than 2 % 79. The
process of claim 78, wherein the polynerization is
we arpioed4out at a fouling of not greater than RCTMIS2088021652
The process of claim66, wherein the hydrofl uorocarbon
is represented by the fornmuliag CxHyF wherein x is an
integer from1l to 40, y is greater than or equal to O,
and z is an integer and at |east one. 81. The process
of cl aggn 66ThNBRI B CIEn 6, WRain thekydroflosrocabon is
i ncl udes one of nore of ethylene propyl ene, butene-1,
pepiesareted by therfethylapent ene- 1, hexene-1, octene-1,
decene-1, 3-nethyl-pentene-|, nﬁ{ﬁ Gf nene,
nor bor nadi ene, 3,5, 5-tri met hyl txene,
5- et hy{zvhlereﬁpf‘ f‘s% intp@¥korAQrth A0Ne RgyreAsdthat brydqudktoed, and z is
nononers. .. The process of claim®66, wherein the
chimtegeeambattlaasmmy hydr ocar bon conpound i ncl udes one
or ‘nmore conpounds represented by the fornula:
G aFbCcHd wherein a is an integer of from1l to 14, b
i's an gt egehe prockdsAPclaith®6lWherin the anleastiong eronofnofneom
l1to6, and d 1s an integer of fromQ to 13. 83 &H
pmohldesomf orghenernfGEYIsnsePTEPHlehh duteREdy PAUCIE his E
droc co [ C 3
R ﬁqﬁ IRAHAL 1] SectkSCL S IAIRE 19hGtHBmene,

tTrTC uof onet

hﬁé&@&hﬁ@fcﬁ@ m S5afifefse;hesbiebatletllaidnene, opnd perhomene, and
chlorotrlfluoropropene

| ethylidesig|uomErS. dj f | uor oet hene, pent af | uor o- 2-
chl or opropene. 84. The process of claim66, wherein
the chlorine containing hydrocarbon conpound is
trichl gpof | The pmebtwafe:lan&Eﬁﬁ Wheropr e sblorine centainigs 6,

wherein the m x re contains a total anD
R eABOR B RGO DE 2 BORG SuRP B Tp g s Biied by the
I ?cﬁ‘ﬁml&’y nmass. 86. The process of cl ai m 66, V\,her ein the

one or nore chlorine containing conpounds are renoved
by one or nore processes sel ect@dvEedm t he

wherein a is an integer of from 1 to 14, b is an integer of from 1 to 13, cis

an integer of from 1 to 6, and d is an integer of from 0 to 13.

83.  The process of claim 66, wherein the chlorine containing

hydrocarbon compound is selected from the group consisting of:
trichlorofluoromethane, hexafluorochloropropane, chlorotetrafluoropropene,

chloretriﬂuoropropene, 1,1-dichloro-2,2-difluoroethene, pentafluoro-2-

chloropropene.

84.  The process of claim 66, wherein the chlorine containing

hydrocarbon compound is trichlorofluoromethane.

85.  The process of claim 66, wherein the mixture contains a total

amount of chlorine containing hydrocarbons of 50,000 ppm or Iess, by mass.



group consisting of distillation, extractive
distillation, contacting with netal pernmanganate,

W@ o0vbaewng Wit h chrom um oxi de, adsorption, rEPEDUS065/021652
distillation, and contacting with one or nore
deconposi ng agents. 87. A poliggeri zati on process,
conprising: a) renoving chlorine containing
hydr ocar bons from a m xture cont ai ni ng
hydr of | g@r ocardpRdcEs AR S, *héryirthé buwsanereabiorine
product; and b) m xing the_ hydrocarbon product w. th at

| ecmsiteining compoweds aap erzoved bylops or B IRFegsesselestedifiog the
of not greater .t 9 T 0 1.aj
e e e

f OptrinAge Afate) B6nt@EtRR with thramivin okide, MSorpibe, rpadive sistitihtion,
claim 8%, '.V\,ﬁer.ei n the polynerization is carried out at
a #ndidontagting withtong o Mae deqeaOSINGREENIH0. The process

of claim98, wherein the polynerization is carried out
at a fouling of not greater than 2 w% 9 1. The
processgnf cAgiolyA&izatbe peicess; bemmidingrer i zation is
carried out at a . fouling of nat greate th@n 1 W%

92. Thedpr ockEW0VEHE Sleking ppiaifing g&‘ﬁﬁcﬁfﬁ%‘ls om a mixture

ol Ve ' ' [ bV f
PoLHESRER ARl S oo ot
t he polymer i matihgthe lyydoanartioagradict with at lsass doc tonomer aid a

at least 500 g/g/hr. 94. The ocess, of claim 93,
m@ﬁﬁm SY%@H&EP?%EW%&%&WP@P @QF Siv@%'out at a
productivity of at |east 600 g/g/hr.95. The process of
claim 94, wherein the polynerization is carried out at

a produdti vi Tle pocess df ekeitn 870@heyeigy the polysieriziongp garaigd out
of claim 95, wherein th | ymerization is carried out
atatélfg‘lﬂb‘tﬁj%ftff%gf‘i?%&?h%{‘?%St 800 g/g/hr. 97. The
process of claim87, wherein the m xture in which the

pol ynmer i s produced contains no single chlarine . )
cont ai g h¥kir proaesse clasmsSuwhersin the elyaierizaiion i garried out

PPIY: fouling of not greater than 3 wt%.

90. The process of claim 98, wherein the polymerization is carried out

at a fouling of not greater than 2 wt%.

91.  The process of claim 90, wherein the polymerization is carried out

at a fouling of not greater than 1 wt%.

92.  The process of claim 87, wherein the polymerization is carried out

at a productivity of at least 400 g/g/hr.

93.  The process of claim 92, wherein the polymerization is carried out

at a productivity of at least 500 g/g/hr.

94.  The process of claim 93, wherein the polymerization is carried out

at a productivity of at least 600 g/g/hr.



98. The process of claim97, wherein the mxture in
whi ch the polyner is produced contains no single

W@ hioend99e9 cont ai ni ng hydrocar bon conpound at QPEEUS2005/021652
‘than 30 pprma. 99. The process of claim98, wherein the
m xture in which the pol yner 11 produced contai ns no
single chlorine containing hydrocarbon conpound at
greater than 25 ppna. 100. The process of claim 99,
wherein the m xture in which the polyner is produced

contains no single chlorjne containi ng hydrocarhon .
conpour®-at ‘Gheproesss ohelam B4.p@kssein thppolyimerization ds carged out
cl ai . (=] fiuorocarbon is represented
byaqta;Bég‘?uocP%?gﬂt&éﬁythd‘ rein x is an integer from1l

to 40, y is greater than or equal to 0, and z is an

i nteger and at | east qne, 2. The process .of. cl.ai m,

87, whei@i n Thepraeess ghelaim 02 SO ROy Heri iR Toftissout
- Tedk %ﬁnﬁ’ but ene-1, pentene-1,

22ﬁ§#ﬁ§?§%9¥%§251T$ ﬁ§¥ e-1, octene-1, decene-1,

3-net hyl - pentene-1, norbor nene, nor bor nadi ene,

3,5,5-trinethyl -1-hexene, 5:-ethyl.-1-nonene,. vin

nor bor rhe.  ERRPIEEHS P sl AoHeER 4he Fge T & e pebymer

Ofjs ?kﬂu%@&ntéﬁﬁ@ﬁ@biﬁglk RE10sRE e6htRRHEH iR Attt compound at

hydr ocar bon conpound™i ncl udes one or nore conpounds

r egveateethawd0 ppmahe fornula: d aF CcH, 3 wherein a is an

integer of from1l to 14, b is an integer of from1l to

13, cis an integer of from1l to 6, and d is an

i nt egerogdf fTiRPAcdsd ot Slaind 0% whdr€in FlicO@@a8redh wiich the Balymer
wherei n the chlorine containing hydrocarbon conpound

i gs peridueedepniaingng singlg chlopne sprapgingdtydsgcarbon compound at
trichl or of r oret hane, hexaf | uorochl or opr opane,
crﬁrsai%%rttég? Eg?ﬁunglra'opr opene, chlorotrifluoropropene,

1, 1-di chl oro-2, 2-di f| uor oet hene, pentafl uoro- 2-

(=)

99.  The process of claim 98, wherein the mixture in which the polymer
is produced contains no single chlorine containing hydrocarbon compound at

greater than 25 ppma.

100. The process of claim 99, wherein the mixture in which the polymer
is produced contains no single chlorine containing hydrocarbon compound at

greater than 20 ppma.

101.  The process of claim 87, wherein the hydrofluorocarbon is
represented by the formula:
CH,F,
wherein x is an integer from 1 to 40, y is greater than or equal to 0, and z is

an integer and at least one.

102. The process of claim 87, wherein the at least one monomomer
includes one or more of ethylene, propylene, butene-1, pentene-1, 4-methyl-

pentene-1, hexene-1, octene-1, decene-1, 3-methyl-pentene-1, norbornene,



chl oropropene. 105. The process of claim 87, wherein
the chl orine containing hydrocarbon conpound is
wa pioskbouof | uor onet hane. 106. The process of cPEI/DSBF5/021652
_Wwherein the mxture contains a total anount of
chl ori ne contai ni ng hydrocarbpns of 50,000 ppm or
| ess, by mass. 107. The process of claim87, wherein
the one or nore chlorine containing conmpounds are
I S5 HadidheOR8, Ok iniBth |- PhOGas SR ethsel -ached, fihgimdrbamene, and
group consisting of distillation, extractive
diethyilidene mongmerdnt act i ng wi th netal permanganat e,
contacting with chrom um oxi de, adsorption, reactive
distillation, and contacting with one or nore
deconpogisng BeeRbdess d08ainASRavherE iradhl@inepontatiing
conprising mxing together a catalyst system at | east
orwdrasathen compeund gMdes preordeeresemPewds regareated by the
p&.lléﬁn@r,, wherein the mxture in which the polyner is
p 3 &d contains no si ngl e chl ori necont ai ni ng
hydr ocar bon conpound at great erCLIh&RQHAO ppma. 109. The
process of claim 108, wherein the mxture inf¥\/ni cih tge .
pol ynerWheéelblaé%%’é’éegébﬁfEPWsl 190l 4s b Agytreinteger of from 110 13, c1s
c i.De- i R Vi AITROY! t greater
t%gﬁ%g&pog%%mﬁgo&%ﬁﬁ E?gglggg&gf? cl ai iFr%dI:f??)IQ wher ei n
the m xture in which the polymer is produced contains

i ng| i ne- copt.ai ning hyd d at
ar cat orlBnar TSROl S & RED AR e SOARA 0.
\g’gﬁ/tafdcﬁrb'bﬁ Soffbiill 8 sEIRcteld s HRgray OEirgPorD" oduced

alns no ngl e chl ori ne-contai ni ng hydrocar bon
c dripdomdluatongtizar crexaflaerogiiloppnepang. ichlorgigairasepropenss

any. of the preceeding. ¢l ai erei,n the
et Piirere caricae ae LS Rab Rty 31 a
| @AffroftBPer@/ 9/ hr. 113. The process of claim 112,

wherein the polynerization is carried out at a
productivity of at |east 500 g/g/hr. 114. The process

of claijm.11 wher ej ' I 1 zat e | i ed
o oL 5 R I LB TR R e
hydrocarbon compound is trichlorofluoromethane.

106. The process of claim 87, wherein the mixture contains a total

amount of chlorine containing hydrocarbons of 50,000 ppm or less, by mass.

107. The process of claim 87, wherein the one or more chlorine
containing compounds are removed by one or more processes selected from the
group consisting of distillation, extractive distillation, contacting with metal
permanganate, contacting with chromium oxide, adsorption, reactive distillation,

'~ and contacting with one or more decomposing agents.

108. A polymerization process, comprising mixing together a catalyst
system, at least one monomer and a hydrofluorocarbon to produce a polymer,
wherein the mixture in which the polymer is produced contains no single chlorine-

containing hydrocarbon compound at greater than 40 ppma.



115. The process of claim 14, wherein the
pol yneri zation is carried out at a productivity of at
WO e@st099@0 g/ g/ hr. 116. The process of claim RBE[/US2005/021652
wherein the polynerization is carried out at a
productivity of at |east 80011¢/ g/ hr. 117. The process
of any of the preceeding clains, wherein the
pol ynmeri zation is carried out at a fouling of not
greater than 5 wt % 118. The process of claim 117,
wherein the polynerization is carried out at a fouling
of not 1§Peaflde prorsss af ml%loﬁlg’.hemﬁbthﬁll@é%%mo‘f"m&ﬁ %m

118, wherein the | r ' Y e a
F Babpg oot g Rd Tt Yl e G gy i on?
CleginpbddPat gabidrahih 3dyepra@l ymeri zation is carried out
at ag?oul i ng of not ngpeater than 2 wt% 121. The
process of claim 120, wherein the polynerization is
carried.qut -at f j 0 ; Jhivh
122, THI8r dBeafocsfesd APl o heliERLRRhAG nith the
WhsTyRid? i prodhoedrodhiaitermocsiigio chibsine-epteiamgthydrdsartone
formul a: CxHyF wherein x is an integer from1l to 40, y
i sogpewandt greaer than 2yPRIM2t 0 0, and z is an integer and
at | east one. 123. The process of any of the
preceedi ng clains, wherein the at |east one nononomer
i ncl udag 1ondhepromseoidlaiatliQ) ehaeinghomyttaredn whickeibe- 1,
pentene- 1, 4-nethyl-pentene-|., .hexene-1, .octene-1,
(el is Pradiiead FpRTa TOGHRELF IR PHaREE HYaroeibon
n L €& terdhan 20 bprhAEt hyl - | - hexene,
Sgé{ﬁﬁéw%ﬂ%ne‘%e, Vi n?/ nor bornene, and et hylidene
nononers. 124. The process of any of the preceedi ng
cl ai ns, erein the chl orinecont ai.ni .
conpouﬂ&%nﬁﬁ&’é%ceé%%%%ry %PTS%%@S%I n slmré’g%gégfenﬁ? gd by
tl%l?k%l fﬂﬂ*g@ri isChafaGrid: MpRaséUvie ofat Rasti0Degghr.of from
t ,

is an integer of from1l to 13, c is

113.  The process of claim 112, wherein the polymerization is carried out

at a productivity of at least 500 g/g/hr.

114. The process of claim 113, wherein the polymerization is carried out

at a productivity of at least 600 g/g/hr.

115. The process of claim114, wherein the polymerization is carried out

at a productivity of at least 700 g/g/hr.

116. The process of claim115, wherein the polymerization is carried out

at a productivity of at least 800 g/g/hr.

117. The process of any of the preceeding claims, wherein the

polymerization is carried out at a fouling of not greater than 5 wt%.



an integer of from1l to 6, and d is an integer of from
0 to 13.125. The process of claim 124, wherein the

W@ hioend9ree cont ai ni ng hydrocar bon conpound i s SECEUS®AS/021652
fromthe group consisting of: trichlorofluoronethane,
hexaf | uor ochl or opr opane, chl drl8t et raf| uor opr opene,
chlorotrifl uoropropene,
1, 1-di chl oro-2, 2-di f| uor oet hene, pentafl uoro- 2-
chl or opi bpen&he jbﬂﬁess'ﬂf@lqﬁmddé swhatinchapolyi2fizativings edrried out
the chl gri ne-contai nj ng rocar bon conpound is
tr?moﬁllﬁgpg%qt&ﬁﬁtﬂé 4% The process of any of the
preceedi ng clains, wherein one or nore of the
chl ori ne-cont ai ni ng hydrocar bon conpounds are renoved
froma it uTke processiafickagmtli 8, Whetemftheipolymeribadiongs caried out

cing the polyner. 128. The process of claim

1257taf\%Hﬁ’|’%P qtjgze r)ﬁ{qﬂ%wé%m ains a total anount of
chl ori ne contai ni ng hydrocarbons of 50,000 ppm or
| ess, by mass. 129. The process of claim 127 or 128,
V\,her ei n12he Thepwcessmf glacth|1dPj whereinttbé pélpgedzatipnuncaried out

ar B ORBHE P aErate T PR on ot ractive

dlstlllatlon contacting with netal permanganate,
contacting with chrom um oxi de, adsorption, reactive
di still h&h onTheprgcessiof slithig0,whereia ike prlymerization is carried out
deco nt pol ymeri zati on process,
cotpr % 3%’9%2‘? at%glgwﬁﬁer a catal yst system at
Ieast one nononer and a hydrof |l uorocarbon; and b)
form ng the {gol ynmer in the @resence of not %ﬁeater
than 401Ppmalles Prapses of Awy af e pecpeiog elamas, Mihggpin the
SR cess of claim 130,

1@{%&%02@&61? Qgﬂgﬁ‘mt?eéeoyf&e(g?ﬁ}rh gg‘ defined in any of

cI ai ms 109 to 129. 132. A pol yneCiHgdti on pr ocess,

conpri Si rempvi ng chl orine containin

hydr oca‘?’ & s Sttt t%ﬁts@ﬁsrﬁr%ﬂr thah or equal to 0, and z i
hyglr dc0 produce a hydrof | uorocarbon

pro ?E)%égtpr? Xl ng the hydrocarbon product with at

I east one m)noner and a catal yst systemat a

product fZ\éi. t yT}?efprgEess 0 g:rtly ofotge 8re%eer21r1ng claims, wherein the at least
one monomomer includes one or more of ethylene, propylene, butene-1, pentene-
1, 4-methyl-pentene-1, hexene-1, octene-1, decene-1, 3-methyl-pentene-1,
norbornene, norbornadiene, 3,5,5-trimethyl-1-hexene, 5-ethyl-1-nonene, vinyl

norbornene, and ethylidene monomers.

124. The process of any of the preceeding claims, wherein the chlorine-
containing hydrocarbon compound includes one or more compounds represented
by the formula:

ClL.FvC.Hq
wherein a is an integer of from 1 to 14, b is an integer of from 1 to 13, c is

an integer of from 1 to 6, and d is an integer of from 0 to 13.



133. The process of claim 131, having one or nore of
the features defined in any of clains 108 to 126, 127
W@ a6 2®R49 134. A pol yneri zation process, conprPGI/OR005)21652
renmovi ng chl orine containing hydrocarbons from a
m xt ure cont ai ni ng hydrof | uorlddar bon to produce a
hydr of | uor ocar bon product; and b) m xing the
hydr ocar bon product with at | east one nononer and a
cat al yst25ysTaepaicess dfeldimrig4pwherein the eldivBne-tdraanining
wt % 135. The process_of dﬁ%rai m 133, havi n one or more
of hydrecarben eraroTEd s FRLLPIG oM hoErORp SONRSIRE8T 0 116,

118ichrdforothéthafid) qlle}la?tﬁxorochloropropane, chlorotetrafluoropropene,

chlorotrifluoropropene, 1,1-dichloro-2,2-difluoroethene, pentafluoro-2-

chloropropene.

126. The process of claim 125, wherein the chlorine-containing

hydrocarbon compound is trichlorofluoromethane.

127. The process of any of the preceeding claims, wherein one or more
of the chlorine-containing hydrocarbon compounds are removed from a mixture

containing the hydrofluorocarbon prior to producing the polymer.

128. The process of claim 127, wherein the mixture contains a total

amount of chlorine containing hydrocarbons of 50,000 ppm or less, by mass.

129. The process of claim 127 or 128, wherein the one or more chlorine-
containing compounds are removed by one or more processes selected from the
group consisting of distillation, extractive distillation, contacting with metal
permanganate, contacting with chromium oxide, adsorption, reactive distillation,

and contacting with one or more decomposing agents.

130. A polymerization process, comprising
a) mixing together a catalyst system, at least one monomer and a

hydrofluorocarbon; and

b) forming the polymer in the presence of not greater than 40 ppma of

any single chlorine-containing hydrocarbon compound.

131. The process of claim 130, having one or more of the features

defined in any of claims 109 to 129.

132. A polymerization process, comprising:
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a) removing chlorine containing hydrocarbons from a mixture
containing hydrofluorocarbon to produce a hydrofluorocarbon product; and
b) mixing the hydrocarbon product with at least one monomer and a

catalyst system at a productivity of at least 400 g/g/hr.

133.  The process of claim 131, having one or more of the features

defined in any of claims 108 to 126, 127 and 128.

134. A polymerization process, comprising:

a) removing chlorine containing hydrocarbons from a mixture
containing hydrofluorocarbon to produce a hydrofluorocarbon product; and

b) mixing the hydrocarbon product with at least one monomer and a

catalyst system at a fouling of not greater than 5 wi%.

135.  The process of claim 133, having one or more of the features

defined in any of claims 108 to 116, 118 to 126, 127 and 128.



