POLYMERI ZATI ON PROCESS CROSS REFERENCE TO RELATED

APPLI CATI ONS [0001] This application clains the
whewehi®7df Provisional Application No. 60/581pGP6S2005/021717

filed June 21, 2004, the disclosure of whichis fully

i ncorporated herein by reference. FIELD OF THE

INYENTIQN [0002] This invention relates to a slurry
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| oop reactor is disclosed in Hogan and Bank's U. S.

Pag « MGROWED IR T RviNeEiga§Ur e of which is

| mCorporated tererm py rererence. Variations and

ement
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3, R83R&0,to make a polymeric product. The polymerization reaction can be

carried out using a wide variety of reactors, catalysts, and a wide variety of
monomer feeds. Often, liquids, diluents or solvents are used in these
polymerization reaction processes for various reasons such as to increase the

efficiency of the polymerization reaction and recovery of polymer product.

[0004] In many polymerization processes for the production of polymer, a
polymerization effluent is formed which is a slurry of particulate polymer solids
suspended in a liquid medium, ordinarily the reaction diluent and unreacted
monomers. A typical example of such a process in a loop reactor is disclosed in
Hogan and Bank’s U.S. Pat. No. 2,285,721, the disclosure of which is
incorporated herein by reference. Variations and improvements of such a process
in a loop reactor are described in U.S. Pat. Nos. 2,915,513, 3,152,872, 3,293,000,
3,324,093, 3,625,658, 3,816,383, 3,858,943, 3,956,061, 4,007,321, 4,121,029,
4,199,546, 4,372,758, 4,395,523, 4,424,341, 4,461,889, 4,501,885, 4,589,957,
4,613,484, 4,632,976, 4,690,804, 4,737,280, 4,794,151, 5,183,866, 5,207,929,



3,324,093, 3,625,658, 3,816,383, 3,858, 943, 3, 956, 061,
4,007, 321, 4,121,029, 4,199,546, 4,372,758, 4,395,523,
wael200840P941, 4,461, 889, 4,501, 885, 4,589, 957, 4pCGL/BsH8s1021717
4,632,976, 4,690,804, 4,7372280, 4,794,151, 5, 183, 866,
5,207, 929, 5, 292, 863, 5, 391, 656, 5, 455,314, 5,565, 175,
5,575,979, 5,597,892, 6,204, 344, and 6, 239, 235, the
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di ssol ved nononers, and catalyst are circulated in a
| ogorpact or wittes ehdcddventivis spéretind widdow, a particularly favored

technique that has been used heretofore is that disclosed in the Scoggin et al, U.S.
Pat. No. 3,152,872, more particularly the embodiment illustrated in conjunction
with Fig. 2 of that patent. In such processes the reaction diluent, dissolved
monomers, and catalyst are circulated in a loop reactor wherein the pressure of the
polymerization reaction is about 100 to 700 psia (689 to 4826 kPa). The produced
solid polymer is also circulated in the reactor. A slurry of polymer and the liquid
medium is collected in one or more settling legs of the slurry loop reactor from
which the slurry is periodically discharged to a flash chamber wherein the mixture
is flashed to a low pressure such as about 20 psia (138 kPa). Other preferred
methods for recovery of polymer product and recirculation of diluent back in to
the polymerization process are shown in U.S. Pat. No. 6,204,344 to Kendrick et al.
and U.S. Pat. No. 6,239,235 to Hottovy et al. The continuous withdrawal of slurry



pol yneri zation reaction is about 100 to 700 psia (689
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[0009] - EP 1 323 746 shows loading of biscyclopentadienyl catalyst onto a

silica support in perfluorooctane and thereafter the prepolymerization of ethylene

at room temperature.

[0010] US 3,056,771  discloses  polymerization of  ethylene
usingTiCly/(Bt);Al in a mixture of heptane and perfluoromethylcyclohexane,

presumably at room temperature.

[0011] US 5,624,878 discloses the polymerization using "constrained

geometry metal complexes" of titanium and zirconium.

[0012] There are always needs for improved polymerization processes. In

particular, it would be advantageous in slurry polymerization processes using



fluorinated organi c carbon conmpound. [0009] EP 1 323
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[0015] According to another embodiment of the invention, the polymer
product has a heat of fusion greater than or equal to 10J/g.

[0016] According to another embodiment of the invention, the polymer
product has crystallinity derived from ethylene incorporation of greater than or

equal to 10%.

[0017] According to another embodiment of the invention, the one or
more comonomers contain olefinic unsaturation and are capable of insertion
polymerization. Alternatively, the one or more comonomers are selected from
linear, branched, or ring-containing olefins having up to 30 carbon atoms, and

combinations thereof.

[0018] According to one embodiment of the invention, the diluent

comprises a mixture of at least one saturated hydrocarbon and at least one



[ 0015] According to another enbodi nent of the
i nvention, the polyner product has a heat of fusion
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[0023] Figure 3 shows the morphology of the polymer product produced

using a saturated hydrocarbon diluent.

[0024] Figure 4 shows the improved morphology of the polymer product
produced using an HFC.

DETAILED DESCRIPTION OF THE INVENTION

[0025] The invention is directed to a process for polymerizing 75 weight
% or more ethylene (based on the total weight of the ethylene and comonomer)
and optionally one or more comonomer(s) in the presence of a Ziegler-Natta
catalyst system and a diluent to form a shury of polymer solids, wherein the

diluent comprises a fluorinated hydrocarbon.

[0026] According to one embodiment of the invention, the diluent
comprises a mixture of at least one saturated hydrocarbon and at least one

fluorinated hydrocarbon wherein the mixture has a density in the range of from



[0023] Figure 3 shows the norphol ogy of the polymer
product produced using a saturated hydrocarbon
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fluorinated hydrocarbon. [0026] According to one
eﬁﬁ Frent of the invention, the diluent conprises a
m xture of at |east one saturated hydrocarbon and at
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ol ynmer
P al%/ematively greater than or equal to 125°C.

[0029] According to another embodiment of the invention, the polymer
product has a heat of fusion greater than or equal to 10 J/g, alternatively greater
than or equal to 40 J/g, alternatively greater than or equal to 70 J/g, alternatively
greater than or equal to 100 J/g, alternatively greater than or equal to 130 J/g.

[0030] According to another embodiment of the invention, the polymer
product has crystallinity derived from ethylene incorporation of greater than or
equal to 10%, alternatively greater than or equal to 20%, alternatively greater than
or equal to 30%, alternatively greater than or equal to 40%, alternatively greater

than or equal to 50%.

[0031] According to another embodiment of the invention, the one or
more comonomers contain olefinic unsaturation and are capable of insertion
polymerization. Alternatively, the one or more comonomers are selected from

linear, branched, or ring-containing olefins having up to 30 carbon atoms, and



product has a nelting tenperature of greater than or

equal to 75C, alternatively greater than or equal to
WwW@2©s/0adorer nati vel y greater than or equal to 1HO0TS2005/021717

alternatively greater than or equal to 125C [0029]

Accordi ng to anot her enbodi ment of the invention, the

pol ynmer product has a heat of fusion greater than or

equal .to 10_J/ l.t er nat.i vel r
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AEPrECF G5 orab I oS ansTis e ol agate
fremild neagiq, br aGheeyicor htidg- Canétidtyiag, ol efiiyisethacrylate,
havi'ng up to 30 carbon atons, andconbinations thereof.

Al tmethplmathestylates ¢tbyleerlagy andonethrlepiyiétrer s sel ect ed
fromlinear or branched C3 to C20 al pha ol efins.
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carbon atoms. The invention is particularly well suited to the polymerization of
two or more olefin monomers of ethylene, propylene, butene-1, pentene-1, 4-

methyl-pentene-1, hexene-1, octene-1 and decene-1.

[0034] Other monomers useful in the process of the invention include
othylenically unsaturated monomers, diolefins having 4 to 18 carbon atoms,
conjugated or nonconjugated dienes, polyenes, vinyl monomers and cyclic olefins.
Non-limiting monomers useful in the invention include butadiene, norbornene,
norbornadiene, isobutylene, vinylbenzocyclobutane, styrenes, alkyl substituted

styrene, ethylidene norbornene, isoprene, dicyclopentadiene and cyclopentene.

[0035] In a preferred embodiment of the process of the invention, a
copolymer of ethylene is produced, where with ethylene, and a comonomer

having at least one alpha-olefin having from 4 to 15 carbon atoms, preferably



acrylic acid, nethacrylic acid, nethacryl ate,

et hyl net hacryl ate, nethyl nethacryl ate, ethylacryl ate
wa@naeredmnyl acryl ate. [0032] Accordi ng to anot hBET/US2005/021717
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1 weight percent of the mixture, alternatively more than 5 weight percent of the
mixture, alternatively more than 10 weight percent of the mixture, alternatively
more than 1 volume percent of the mixture, alternatively more than 5 volume

percent of the mixture, alternatively more than 10 weight percent of the mixture.

[0039] According to another embodiment of the invention, the at least one
fluorinated hydrocarbon is present in the reaction mixture in a molar ratio of at
least 100:1 relative to the Ziegler-Natta transition metal component, alternatively

at least 500:1.

[0040] According to another embodiment of the invention, the process can
be carried out in a loop reactor or a stirred tank reactor. Withdrawal of polymer
product from the reactor can be accomplished by concentrating the solids for

intermittent withdrawal or by continuous withdrawal of a portion of the slurry.



[0037] According to one enbodi nent of the invention,
the diluent conprises a mxture of at |east one

wa@ a00an0eoed hydr ocar bon and at | east one fl uoriPel/882005/021717
hydr ocar bon wherein the m x?ure has a density in the
range of fromO0.2 g/cc less than to 0.2 g/cc greater
than the density of the polyner, alternatively from

0. cc less. than.ta O. C r t.h

de[ﬁg‘%y of t tgerpSWPrglFfen \ ?fle?hr? a%&glgfo)% ?ljreo%rﬁél%@%yg?rgc two or
| afsretol @t d8vO1iARaloRCin@badiRtion.han the density of the
pol ymer. [0038] According to another enbodi nent of the

i nvention, the diluent conprises a ng)flt ure of at | east
gkt

orl804&Ht ur at ebherydyBERAEhORHYE PApCR IoREeRY A PEBele at
hﬁ)%‘t?c%ﬂrgp ﬁ‘ox»h(%ngfti%s LHn SAHnHhAL %1&?%9% Bef¥tor system, thus
canpri ses nore than 1 wei ght percent of the m xture,

al fesulihag i éhproved evpetution Effieieghy, widr dentlossf of heet transfer and

m xture, alternatively nore than 1 i ght rcent . of
SRS ERep i 16 QRYFoHEh BOFERS T 6 PURGC gl emymers
of hdk igﬂll;‘ytdégﬁole 3F bEhBRkddREY i P El8rrY hadteds MetdbFRxpanding the
percent of the mxturé, alternatively nore than 10

weiogitherpiet grade slefe frdme arpaxticytas prqce®39] According to
anot her enbodi ment of the invention, the at | east one

fluari.nat ed hydroecarbon | ng. 4 ro%g[f[;

m li(}ﬁ ﬁ#]e in aﬁn%cfdgtgo rg |ﬂ1c? %rfo Hg‘?ﬁ’ﬁe%ngt &f{’)%@{ r é |€refr? gl the
t r&%}oe?ésﬁ,?th%r 'TnNaﬂitio’ill proadidess t fo i gl akcavenpofidndrocarbons that are
alternatively at |east 500:1. [0Q40] Accordi to .
ariseREredepB Midnihe polmrg. Hgh &kY?iE?ﬁ!ﬂIbPH%Hﬁﬂlsigg?&'%ﬂmmed
bemc%t%ﬁglls,e%; Qmp1e liﬁuidg,ocﬁl RRCIWenf, aftl Sirbidi&PmbActKers. Many
reactor. thdrawal® of” pol yner product fromthe

r esftthese marpobpnatedmitesde drebycaveraden hight ¢ffigiengieand reused in
solids for intermttent withdrawal or by continuous

wi TR #PLIREIZ8HOTPIRETSEi on of the slurry.[0041] O her

enbodi nents of the invention are defined by any two or
MoEemeholndfs above limtations in conbination. [0042]

The polryner made by the process of this invention can
be[m;g@l]e at Typical comonomers include those having from 2 to 30 carbon

atoms, preferably 2 to 12 carbon atoms, and more preferably 2 to 8 carbon atoms.
Useful monomers include linear, branched or cyclic olefins; linear branched or
cyclic alpha olefins; linear, branched or cyclic diolefins; linear branched or cyclic
alpha-omega olefins; linear, branched or cyclic polyenes; linear branched or cyclic
alpha olefins. Particularly preferred monomers include 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, ethylidene norbornene monomers. Particularly
preferred is ethylene, either alone or with one or more co-monomers, o produce a

homopolymer or a copolymer.

[0045] Cyclic containing monomers that can be used in the process of this
invention include aromatic-group-containing monomers containing up to 30

carbon atoms and non aromatic cyclic group containing monomers containing up



particularly [ow densities with mnimal fouling of the

reactor system thus resulting in inproved operation
wetdosoiency, with | ow | oss of heat transfer anelCT/US2005/021717

extended run periods. Also,10the invention provides for

the production of polynmers not typically capable of

bei ng- produced in a slurry process thereby expandi ng

the commercial grade. slate.f L :
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B0 e TR L SR i B o, ayoonaty
Fkﬁu@@&ﬁc&h&iﬁgﬁim mwatietied torCeye iGic aliyplggoupsef dditionally two

I near, branched or cyclic diolefns. i r ’ :
ordyat bt o o il B it R ZREGRET Emaic-

Ce R MR SonoldeRE@ntdM anNehg dnelardiyatld sruat ded t
oé%##ﬁ% érgﬁgﬁ?afly gkefePred #bﬁgﬁgrs incﬁﬁggnﬁﬁ e

° polynteizalle eldfiniemeictpr Bpyirdady preEiargmatic RegRRer nclude
BT 10 S e o
3 ’aﬁgls bhideRd il trdend)easpBetallyp styesrey Ipafanmating retyrexd, ngrphenyl-1-

nor bornene, ethylidene norbornene nononers. ..
Pamitdncubat [oflyprieshemced $wiabienIOBTECTEHG (PG B iont*ine

e P B B B e
C3Rnditht Wethel yclibestipreess iofpatthefsthe cyclic structure. The cyclic
structure may also be further substituted by one or more hydrocarbyl groups such
as, but not limited to, C; to Cyp alkyl groups. Preferred non-aromatic cyclic group
containing ~ monomers  include vinylcyclohexane,  vinylcyclohexene,
vinylnorbornene, ~ethylidene norbornene, cyclopentadiene, cyclopentene,

cyclohexene, cyclobutene, vinyladamantane and the like.

[0047] Preferred diolefin monomers useful in this invention include any
hydrocarbon structure, preferably C4 to Cso, having at least two unsaturated bonds,
wherein at least two of the unsaturated bonds are readily incorporated into a
polymer by either a stereospecific or a non-stereospecific catalyst(s). It is further
preferred that the diolefin monomers be selected from alpha, omega-diene
monomers (i.e. di-vinyl monomers). More preferably, the diolefin monomers are
linear di-vinyl monomers, most preferably those containing from 4 to 30 carbon
atoms. Examples of preferred dienes include butadiene, pentadiene, hexadiene,

heptadiene, octadiene, nonadiene, decadiene, undecadiene, dodecadiene,



i nvention include aromatic-group-containing nononers
containing up to 30 carbon atoms and non aromatic

W@ 2®b/0e99gT oup cont ai ni ng nonomers cont ai ni ng UPCDUS05/021717
carbon atons. Suitable arondtic-group-containing
nononers conprise at |east one aromatic structure,
pLefe{ab!ydfror1one to three, nore preferably a
phenyl . i ndenyl, f]uorenyl, or. naphth i et :
ko | Eugriisapt-ConPanorg i oRertr TG, - peptdtddiene,
C%Q@ﬁé«%ﬁ%n@,t §atfec el Ol ¥ bR IR Bektiedibdeitgnddsdocdiiene,
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berigantlamt, fatmhvsatiEngolpeniacosedickbomexacppdiene, heptacosadiene,

aromati G- group cont ai ni ng.non r .
O Pk B "R AT e e dienes
' g‘&élﬁ’&' NYebiptatidhe, 1 1N7-beddiete,Ci1,8-0oddiena] kyD-dyeatipe, 1,10-
Addi tional |y two adjacent substitutions may be joined
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s erR e el pRe Rt Red h i ke S99 AODT hicfereel cyelic
P?ﬁérie@ Uin@hild)é ] py(ﬂélﬁ%’ﬂf]ﬁﬁbm[ oviaylhorbonreoee merhomeddiche, etﬁylidene
styrene, al pha-net styrene, -al. kyl st . .
vineyhareange ey Ingpgiien disHE RBTRAESTEAT @%gﬁééﬁﬂtﬁf‘&%dmbﬁm
' Ll t - | styrene,
AR s R s Pt
non-aromati c cyclic group containing nonomers

pried4siabl y Hava patfeirethsmbodengsbl thaerdlympy erosugedrbgrein is an

group that is. either ndant,. on_t '

O e RFEE, U A i e,

St &4 b EthiBMvaltRa rbftes W tHaeolysndhiisndeethyiynonsl @re or more
re hydrocarbyl groups such as, but notf limted tg

GiC1 o CioOingink Pranghesi@rscyche S1@OREE, REHCAP NS & T8y Gicto Cr2

gr.oup_cont ai ni S kNGl iyl i
SRR ST AATATRRATRGS, BD ! S el exaitimen.
anﬁQQ{l}lBﬁﬁE corﬁyﬁée?@gllﬁaétdd)r&rt@mmpnieo pevihgfiwm 3 to 8 carbon atoms,
cycl ohexene, cycl obut ene,_vi nyl adanmant dth

| ixefergbiind 4p Trrasbet plomSa B IR o Nun ErRoRRIATY e felefgdgfrom

:o Pt‘é? géllgglpy ic%%liét’ffg& C%g?/pn{%%gfeﬁ&a hRRReSt I 4leidiiy@-pentene-1,3-methyl-

Ing at | east two unsaturated
bogheene-1, hexene-1 and octene-1, the most preferred group being hexene-1,

butene-1 and octene-1.

[0049] Tn another embodiment, ethylene is polymerized with at least two
different comonomers to form a terpolymer. The preferred comonomers are a
combination of alpha-olefin monomers having 4 to 10 carbon atoms, more
preferably 4 to 8 carbon atoms, optionally with at least one diene monomer. The
preferred terpolymers include the combinations such as ethylene/butene-1/hexene-
1, ethylene/propylene/butene-1, ethylene/propylene/hexene-1, ethylene/propylene/

norbornene and the like.

[0050] In a preferred embodiment, ethylene is present in the polymer at 50
mole % to 99.9 mole %, more preferably 70 to 98 mole %, more preferably 80 to

95 mole %. One or more comonomer(s) are present in the polymer at 0.1 mole %



wherein at |east two of the unsaturated bonds are

readily incorporated into a polyner by either a
waer@seawpeci fic or a non-stereospecific catal yBCT/55200$/021717

is further preferred that tl3e di ol ef m nononers be

sel ected from al pha, omega-di ene nonorers (i.e.

di -vinyl nononers). Mrre preferably, the diolefm

nmon r re linear di-vinyl

B0 EDAT A PR P1EY 3oL AREEl g R RGeS aklably 2
ofto BO@ISE 1Echddk BRESHINGI tode ik &6li ene, pent adi ene,

hexadi ene, heptadi ene, octadi ene, nonadi ene,

decadi ene, undecadi ene, .dodecadi ene, tri decadi ene, .
C PPSceaai dhanober ARSI e PORBY ARG LD Comprises:
hept adecadi ene, octadecadi ene, nonadecadi ene

i cosadi ene, dtiefeiecrrssat shBomatlios A waks % plicraatirlede to 90
tetragosadi ene, pent sadi. ene, acosadi ene,

héﬁ@ﬁ 8§gafgﬁg?a§%$%§g§5%?g%§fAh%ﬁgcosadiene,

tri acont adi engecopdr bietitl Aohympr eieentedt dienes tbneld udele %,
1, 6- hept adi ene, 1, 7-oct adi ene,

1, Btepnasnely dAdo 44 made Yo e alé?f@ﬁé‘fe?ﬁ%?‘%g&g%i i ptionally

1,12-tri decaéjiﬂﬁ,t[}fe ol nlﬁlbhgﬁi&a Reat 8NBomA0Gtko! PWmole%, more
nmol ecul ar wei g pol ybut adi enes (Mwv | ess than 1000

o/ dmeiativElyefomn 0 Sdo Syndle®, dicenadéernativielydieto 3 mole %.

cycl opent adi ene, vinyl norbornene, norbornadi ene,
etpyhddene norbornene, divinyl benzene,
dicyclopent adi ene or higher ring containing diolefns

W fobsgr Wt hpae dBudd ubeiEid Shigtinvarionusre riengficial in producing
positions. [0048] In a preferred enbodi ment, the .
pohighterrusefod pebserrtepdiis. i Ysarpfdhn gilasiis femalseIRREe gplymer
COpAl YIRS Pa‘}iﬁ Bl Rulifts,! ¥iREEHeLER dorfoRAEBRH/Or L RBuced
priocess of t $soinventionrelfaies to the
Ppétwﬁiﬁhingﬂﬁal ogmiefioes hy ITwee dilnentonef othe minven@s t are Cpeeferably
i near,  branched or cyclic nono s,, preferabl ne Qor
OREIRESit0gS e ip bR ONG TR At SIS T caRTgatoifoftne or
PaL b HhRE llﬁfatfﬁﬁg B 18 DrEEROW Mlfdve thD esiRADIABIneficial effect.
conprises at [east one conononer having from3 to 8
c aPiefanatdy,ois dilpersfiendiydyocarboo lpvingrlggn lapemglvent power. More

Parti.cyl arl he cononowers_a | e fro e

grBrGB?r ﬁsitg‘!f i {11!3“68? fﬂ“%%e%n%, Bglaggnn ec_co%l?aqmﬁé, Thod preferably

4- ARSihkedrBRk &ABdn AniFuRY hReRE ¢t to no solvent power with respect
to the polymer product. The fluorinated hydrocarbons may be used individually
or as mixtures, and can be included in a mixture with non-fluorinated hydrocarbon

diluents if desired.

[0053] 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. The fluorinated hydrocarbon can be a perfluorinated
hydrocarbon or the fluorinated hydrocarbon can optionally include one or more
hydrogen atom(s). A perfluorinated hydrocarbon is a fluorocarbon in which the

hydrogen directly attached to the carbon atom(s) is completely replaced by



1, hexene-1 and octene-1, the nost preferred group

bei ng hexene-1, butene-1 and octene-1. [0049] In
wapwsler7enbodi ment, ethylene is polynerized weTUs1005/021717
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t harrmabore) ef i n nmononer present at fromO to 10 nol e%

nore alternatively from0.5 to 5 nole% nore

al q)esslat i velm chetemb3dimdng HnixDirk wé fitofifd&RhydFberbons are used

diluents used in this invention are bene;i Lal in.

g_rqug@ ﬁéuwtgm gheuspéqchps Fg)(§| %Epwﬁpt&m,lc]erg_eraﬁg% 3 fnixjiLe of a
|| B R h R R R M AR A PRI h REQGARBE Bnd VAN e ferabl

r uce&ﬁpgglpﬁg, ﬁlg er overg%l eR@iciencfes and/%rreera ye

r eliia@d of a fluorinated hydrocarbon. In yet another embodiment, the fluorinated
hydrocarbon is balanced or unbalanced in the number of fluorine atoms in the

fluorinated hydrocarbon compound.

[0056] Non-limiting examples of fluorinated hydrocarbons include
fluoromethane;  difluoromethane; ‘triﬂuoromethane; fluoroethane;  1,1-
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-
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;
1,2,2,3-tetrafluoropropane; 1,1,1,2,2-pentafluoropropane; 1,1,1,2,3-
pentafluoropropane; 1,1,1,3,3-pentafluoropropane; 1,1,2,2,3-pentafluoropropane;

1,1,2,3,3-pentafluoropropane; 1,1,1,2,2,3-hexafluoropropane; 1,1,1,2,3,3-



envi ronnental em ssions. The diluents of the invention

are preferably conpositions added to the reaction
Wee@eeew7t hat reduce the concentration of one PCT/NB2065/021717

active materials in the praddess to achieve the desired

and beneficial effect. Preferably, the diluent is a

hydr ocarbon having little to no sol vent power. Mre

preferably, the diluen rises a hal ogen
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vl SRR BIEER oo A1 sk FRAERRar olArs iy Qugobutane
f 199,?9%&9@[&615\1t%@ chy b he-fydneasputtiid; ect by Rictrafii@dbutane;
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byf,2, g fetrefludBeltimm 29,3 steCaldenbetandh b lghl-pentafluorobutane;
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perflruorocarbons i nclu

| i neasuBrdRehRed of,1.83M-péntaffborbut&d) pe)ifil4epeaiakasebutane;
[0%%4] I'n one enbodi ment, the fluori nat%i( hydr ocar bﬁpz?, 3

ar bl 28pt-penliugoyancie f or mha24eppERoORM Sunher ei

is andnteger fro 1) tivel [ .

Sop B RoLT oT) et aRan SRR, B g g

: 01,%,8;3,%b§1ﬂéﬂla:trbb’ti€thn/e;f rom112,28,Bpemiflerotatanee| y f rloihl,2,2,3-
0] alternati f [

t oh@,aﬂwgbut@f?eélf \éﬁéﬁb%é,g{hn@% u%ro cl)l’tan%l; t %[1qﬁ5j3y3e-£é/xa]}l{18r@b131tane,

1,1,1,2,3,4-hexafluorobutane; 1,1,1,2,4,4-hexafluorobutane; 1,1,1,3,3,4-
hexafluorobutane; 1,1,1,3,4,4-hexafluorobutane; 1,1,1 ,4.4 4-hexafluorobutane;
1,1,2,2,3,3-hexafluorobutane; 1,1,2,2,3,4-hexafluorobutane; 1,1,2,2,4,4-
hexafluorobutane; 1,1,2,3,3,4-hexafluorobutane; 1,1,2,3 ,4,4-hexafluorobutane;

1,2,2,3,3,4-hexafluorobutane;  1,1,1 ,2,2,3,3-heptafluorobutane;  1,1,1,2,2,4,4-

heptafluorobutane; 1,1,1,2,2,3,4-heptafluorobutane; 1,1,1,2,3,3,4-
heptafluorobutane; 1,1,1,2,3,4,4-heptafluorobutane; 1,1,1,2,4,4,4-
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-
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-

nonafluorobutane; 1-fluoro-2-methylpropane; 1,1-difluoro-2-methylpropane; 1,3-
difluoro-2-methylpropane;  1,1,1-trifluoro-2-methylpropane;  1,1,3-trifluoro-2-
methylpropane;  1,3-difluoro-2-(fluoromethyl)propane; 1,1,1,3-tetrafluoro-2-



to 3, whereiny is greater than or equal 0 and z is an
integer and at |east one, nore preferably, y and z are

WO nivegers7 and at | east one. In a preferred enbRdi/new05/021717
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fluorinated hydrocarbons are used as the diluent in
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pentafiuorobutane, R-318 having the chemical name octafluorocyclobutane, and

HFC-43-10mee having the chemical name 2,3-dihydrodecafluoropentane and/or

HFC-365mfc, all of these are commercially available fluorinated hydrocarbons.

[0058] Tn another embodiment, the fluorocarbon is not a perfluorinated C4
to C10 alkane. In another embodiment, the fluorocarbon is not a perfluorinated
hydrocarbon. In another embodiment, the fluorocarbon is not perfluorodecalin,
perfluoroheptane, perfluorohexane, perfluoromethylcyclohexane, perfluorooctane,
perfluoro-1,3-dimethylcyclohexane,  perfluorononane, fluorobenzene,  or
perfluorotoluene. In a particularly preferred embodiment, the fluorocarbon

consists essentially of hydrofluorocarbons.
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» Ao Ann@RehE Wi AR BhAY & not ndmdd fot tBe Jeight % Auorocarbon, it shall be
presumed to be based upon the total weight of the fluorocarbons, monomers and

hydrocarbon solvents present in the reactor.

[0060] In another embodiment the fluorocarbon, preferably the
hydrofluorocarbon, is present at more than 1 volume %, based upon the total
volume of the fluorocarbon, monomers and any hydrocarbon solvent present n
the reactor, preferably greater than 3 volume %, preferably greater than 5 volume
%, preferably greater than 7volume %, preferably greater than 10 volume %,
preferably greater than 15 volume %, preferably greater than 20 volume %,
preferably greater than 25 volume %, preferably greater than 30 volume %,
preferably greater than 35 volume %, preferably greater than 40 volume %,
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Lnﬁ@fdazaitl)y Ogi}ée]lcter tNahi 40 200idne Whi plefdrably udrkater timar povatwe %,

erein by reference, are included. |In anqther
DS o8 o 3 JoRTo o1 Beffstbly ene fom acglme %
CA bR 1P PUateR B doQRRhe Y41 pRASLDIG e ERARATEI W 0luin®
_co%%eeerrmlg )? aval Idgbl e Y%’? dpépl?ggat eg %ydr ocar bon%uuse/?'ul
in the process of the invention include HFC-236fa
hajio6z] t he chemttcalotheanembodiment, the fluorinated hydrocarbons of the

1,1,1,3,3,3, -hexaf |l uoropr.gpa HEC- 13 hawui h
c PR Bl {1 R eri 13t CERPRT (D oBEARR A R Sfiha Breferably
hayi-agr i@ $9hamh.6alandafiBrelpréfedabdy Sreater than 40 am.u. In another
Pent af | uor opr opane, HFC- 365nfc having the chem cal

nassbadiment, 3heaflupramated hudpembennet thr1BYMtRRANE & NV sreater
B
angfafr70 am.u., and most preferably greater than 80 am.u. In still another
embodiment, the fluorinated hydrocarbons of the invention have a MW greater
than 90 a.m.u., preferably greater than 100 a.m.u., even more preferably greater
than 135 am.u., and most preferably greater than 150 am.u. In another
embodiment, the fluorinated hydrocarbons of the invention have a MW greater
than 140 a.m.u., preferably greater than 150 a.m.u., more preferably greater than
180 a.m.u., even more preferably greater than 200 a.m.u., and most preferably
greater than 225 am.u. In an embodiment, the fluorinated hydrocarbons of the
invention have a MW in the range of from 30 a.m.u. to 1000 a.m.u., preferably in

the range of from 100 a.m.u. to 500 a.m.u., more preferably in the range of from



HFC- 365nfc, all of these are commercially avail able
fluorinated hydrocarbons. [0058] In another

wepdvemoayent , the fluorocarbon is not a perfl uoPCTES®AS/021717
C4 to A O al kane. In anothe8 enbodi nent, the
fluorocarbon is not a perfluorinated hydrocarbon. In
anot her enbodi nent, the fluorocarbon is not
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perf L uRr ®ole S50 Bt hyl cycl ohexane, perfl uorononane,
fl'uorobenzene, or perfluorotoluene. In a particularly

preferred enbodi nent, the fluorocarbon consists
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grafetibly BantedhaneisghC t86lessrinfrer HBSCy lyr editrérer tehsbodingent, the
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pridfosinatsyhygeeearhons 0f gyeg%qlbﬁiwe%lormﬁl gﬂlgllnﬁ droint less than -
e di cab i s a
oo RS B 182030 L BLFSEpC: s SR Sctbaman,
mma&dmmmohy of the amfrotios biweornrmp} beiling pint gigater than -
react or, preferabl r r th 3-.wei ght 9%
pr]éf@r%fe}‘iatg}’ g@a@ﬂ&ag\aﬁ@“?e%%aﬁ%%g prefer a?al y greater
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PrRbeiRb! Y gmeahshet RAbolimMr] G florPerfiehadoyarbons of the
greater than 20 wei ght % goeferabl éz reater_than

. . o . S

weing exitioy have ef liquad dgnsify <@t Ci(gke) S Eher ]yoss, pret%rably 1.6

prefera reater Laht  %..prefe I i

grcecég eogb]l[e%saﬁangol%ﬁ éﬂe?&g}?l?l\gelggp orAes®" EebAP lhbodiment, the
fluorinated hydrocarbons of the invention have a liquid density @ 20°C (g/cc) less
than 1.6 g/cc, preferably less than 1.55 g/cc, and most preferably less than
1.50g/cc. In one embodiment, the fluorinated hydrocarbons of the invention have

a liquid density @ 20°C (g/cc) less than 1.50 g/cc, preferably less than 1.45, and
most preferably less than 1.40g/cc.

[0065] In one embodiment, the fluorinated hydrocarbons of the invention
have a AH Vaporization at the normal boiling point as measured by standard
calorimetry techniques in the range between 100 kJ/kg to less than 500 kl/kg,
preferably in the range of from 110 kJ/kg to less than 450 kJ/kg, and most
preferably in the range of from 120 kJ/kg to less than 400 kJ/kg.



preferably greater than 50 weight % preferably

greater than 55 weight % preferably greater than 60
wowei0gne999s preferably greater than 70 wei ght %CT/US2005/021717

preferably greater than 80 Mei ght % preferably

greater than 90 weight % hi the event that the weight

basis is not naned for the wei ght % fl uorocarbon, it
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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 90°C,
and more preferably less than 85 °C, and most preferably less than 80 °C, and
optionally a AH Vaporization in the range of from 120 kj/kg to less than 400

Ij/kg.

[0067] In yet another embodiment, the diluent includes one or more
fluorinated hydrocarbon(s), alone or in combination, with one or more other
typical inert hydrocarbon fluid(s) (non-fluorinated) are used in the process of the
invention. Preferably, the hydrocarbon solvent is an aliphatic or aromatic
hydrocarbon fluids. Examples of suitable, preferably inert, hydrocarbon fluids are
readily volatile liquid hydrocarbons, which include, for example, saturated
hydrocarbons containing from 1 to 50, preferably 3 to 20, carbon atoms. Preferred

examples include propane, n-butane, isobutane (MW of 58.12 am.u., a liquid



preferably greater than 30 volunme % preferably
greater than 35 volune % preferably greater than 40

wao etoane99s preferably greater than 45 vol une %CT/US2005/021717
preferably greater than 50 20l unme % preferably
greater than 55 volunme % preferably greater than 60
volume % preferably greater than 65 volune % [0062]
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?i %F%Ja%gg%g%?gﬁmgt g;er t ﬁgb?gi/gﬁtnlt bnt Egve nor mal
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present in the reactor, preferably greater than 7 weight %, preferably greater than
10 weight %, preferably greater than 15 weight %.

[0070] In another embodiment, the diluent is selected based upon its
solubility or lack thereof in a particular polymer being produced. Preferred
diluents have little to no solubility in the polymer. Solubility in the polymer is
measured by forming the polymer into a film of thickness between 50 and 100
microns, then soaking it in diluent (enough to cover the film) for 4 hours at the
relevant desired temperature in a sealed container or vessel. The film is removed
from the diluent, exposed for 90 seconds to evaporate excess diluent from the
surface of the film, and weighed. The mass uptake is defined as the percentage
increase in the film weight after soaking. The diluent or diluent mixture is

selected so that the polymer has a mass uptake of less than 4 weight %, preferably



boiling point of the fluorinated hydrocarbons is in

the range of from-8Q00C to about 9Q0C, nore preferably
wo cwavedoout - 60 OC to about 85 0C, and nost predBEUSNY021717

from about -500C to about & OC. In an enbodi nent, the
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lower than that of the dry polymer. The difference in these measurements is taken
as the melting point depression 0 Tm. It is well known to those in the art that
higher concentrations of dissolved materials in the polymer cause larger
depressions in the polymer melting temperature (i.e. higher values of ITm). A
suitable DSC technique for determining the melting point depression is described
by, P.V. Hemmingsen, “Phase Equilibria in Polyethylene Systems”, Ph.D Thesis,
Norwegian University of Science and Technology, March 2000, which is
incorporated herein by reference. (A preferred set of conditions for conducting
the tests are summarized on Page 112 of this reference.) The polymer melting
temperature is first measured with dry polymer, and then repeated with the
polymer immersed in liquid (the diluent to be evaluated). As described in the
reference above, it is important to ensure that the second part of the test,

conducted in the presence of the liquid, is done in a sealed container so that the



val ues and ranges. In a preferred enbodi nent, the
fluorinated hydrocarbons useful in the process of the

w0 pwent49o0h have a MV greater than 30 a. mu., prerf/Esnbs/g21717
greater than 40 a.mu., an®2a liquid density |less than
2.0 g/cc, preferably less than 1.8 g/cc. hi yet
anot her preferred enbodinent the fluorinated

hydr o arbos useful in the of thel
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hydr ocar bons useful in the process of the invention

harrefezabiyNegs Ba8dfCt han 30 a.mu., preferably greater
than 40 a.mu., and a DH Vaporlzation in the range of

fr Rl EalRt S6semt han 500 kj/ kg, and optionally
a%nr%ﬂm'wﬁﬁg‘s—r han 2.0 g/cc, preferably |ess
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process, IS as high as 1000C, preferably |ess
than 900C, and nore preferably | ess than 85 0C, and
Emwlr ef er aBhgcatalys systam cgthOiayeniivg Yobttypisally pcldpp Ziegler

I

di pregsted aebstHRSnONRe QhtaliBE 8ystbmowilhdhedde one or more support
hydr ocar bon(s), alone or in conpjnation,

mometeseliendioy Bre ar MRt CHYAHDC ARD BﬂnP?llﬁntf(%J)%he Cital§St system
(ngQ- Ejt)ye(ﬁrtb%% gabl F?béﬁﬁg‘éﬁu i (?tr HEnP Q%ﬁlz%oﬂ PBcess selected.

I nventi on ocar on solvent is an
al Thé ahiatysts c@F@mijZSts: and actlvator compounds can include the support
materials. As used herein, the notation numbering scheme for the Periodic Table

Groups are used as set out in Chemical And Engineering News, 63(5), 27 (1985).

Ziegler Natta Transition Metal Component

[0075] The use of Ziegler Natta type catalysts are particularly preferred in
this invention. Ziegler Natta type catalysts are catalyst compositions that
incorporate Ziegler Natta transition metal components. Typically, the transition
metal component is a compound of a Group IVB, VB, or VIB metal. The
transition metal component is generally represented by any one of the formulas:
TrXsq(ORY)g, TrXsqRy%s VOXs, and VO(ORY)s, wherein Tr is a Group IVB, VB,
or VIB metal, preferably a Group IVB or VB metal, and more preferably titanium,
vanadium or zirconium, q is O or a number equal to or less than 4, X is a halogen

and R! is an alkyl group, aryl group or cycloalkyl group having from 1 to 20



hydrocarbon fluids. Exanples of suitable, preferably

i nert, hydrocarbon fluids are readily volatile liquid
whyasoerrbons, which include, for exanple, satPCEHUSH05/021717

hydr ocarbons containing frah 1l to 50, preferably 3 to

20, carbon atoms. Preferred exanples include propane,

n but ane, isobutane (MWof 58.12 a.mu., a
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odiment, the catalyst is not a free radical initiator, such as a peroxide.

cm

[0077] Hlustrative examples of vanadium compounds include VCly,
VOCL, VO(OCyHs)s, and VO(OC4Hy)s. Illustrative examples of zirconium
compounds include ZrCly, ZrCl(OC.Hs), ZrClL(OCyHs),, ZrCl(OC;Hs)s,
Zr(OC2Hs)s, ZrCls(OC4Hy), ZrCl,(OC4Ho),, and ZrCI(OCqHy)s.

[0078] Mixtures of the transition metal compounds may be usefully
employed, no restriction being imposed on the number of transition metal
compounds that may be incorporated. Any halogenide and alkoxide transition

metal compound or mixtures thereof can be usefully employed.



diluents have little to no solubility in the polyner.

Solubility in the polyner is neasured by formng the
woologher7i nto a filmof thickness between 50 apdr/L8m®05/021717

m crons, then soaking it ir4diluent (enough to cover

the film for 4 hours at the rel evant desired

tenperature in a seal ed container or vessel. The film

is.renoved fromthe diluent, exposed for 90 seconds to

e at e excess diluent fromthe surface of the film

and wei ghed. The mass uptake is defined as the
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[0071] Ideally, the fluorocarbon is inert to the
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soaked polymer will be .
treatment can be from about 1 to about 24 hours; however, shorter or longer times

can be employed provided equilibrium is established with the surface hydroxyl

groups.

[0082] Chemical dehydration as an alternative method of dehydration of
the metal oxide support material can advantageously be employed. Chemical
dehydration converts water and hydroxyl groups on the oxide surface to inert
species. Useful chemical agents include, for example, SiCly, and chlorosilanes,
such as trimethylchlorosilane, dimethyaminotrimethylsilane and the like.
Chemical dehydration is accomplished by slurrying the inorganic particulate
material, such as, for example, silica in an inert low boiling hydrocarbon, such as,

for example, hexane. During the chemical dehydration reaction, the silica should



| ower than that of the dry polynmer. The difference in

t hese neasurenents is taken as the nelting point
waeleome®ron DTm It is well known to those in PEEUS2DS/021717
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eval uated). As described in the.reference above, it is
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Natta Catal yst Syste 0073] The polyner, is formed.i,n .

a wavell gt (e BrsEecaRIRgoaomn dgt Bkpd A spfgEpt tfemica
Sy&éh%g}aﬁﬁg% Use cQ% peNEyZhegbRr inMRtHyardeaitahy Stilusiaiwbf such
provrdes hg capabi ity of producing a pol yner product

Wi hydrbéartidns atechapteneclaaxtoe, téloend, rgperiant Pddbivibkng a
pol ymer product that is very lowin density. [0074]

rg@oggtalay ;It "g%«%/ gée%l 1001f)a.1%i<|?1% siiz%y gﬁ}tféc%r}argﬂ, Iploré ¥&hﬁl@! h¥d number
of surface hydroxyl groups characteristic of the inorganic oxide are not critical to
its utility in the practice of the invention. It is preferred, however, that the
inorganic oxides have an average particle size in the range of from about 30 to
600 microns, preferably from about 30 to 100 microns; a surface area of from
about 50 to 1,000 square meters per gram, preferably from about 100 to 400
square meters per gram; and a pore volume of from about 0.5 to 3.5 cc per gram;

preferably from about 0.5 to 2 cc per gram.

Cocatalysts

[0085] In a preferred embodiment of the invention the catalyst system
includes a cocatalyst composition. The cocatalyst composition comprises an

organic compound of a metal of Groups 1 through 3 of the Periodic Table.



Natta catal yst conpound and preferably an activator
conpound. In another preferred enbodi nent, the
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isobutyl aluminum dichloride, alkyl aluminum sesquihalides such as ethyl
aluminum sesquichloride, dialkyl aluminum monoalkoxides such as dimethyl
aluminum methoxide, diethyl aluminum ethoxide, diethyl aluminum phenoxide,
dipropyl aluminum ethoxide, diisobutyl aluminum ethoxide, and diisobutyl
aluminum phenoxide, and dialkyl aluminum hydrides such as dimethyl aluminum
hydride, diethyl aluminum hydride, dipropyl aluminum hydride, and diisobutyl

aluminum hydride.

[0087] In one embodiment, trialkyl aluminum compounds, specifically
trimethyl aluminum, triethyl aluminum, and triisobutyl aluminum, are preferred.
In another embodiment, trialkyl aluminum compounds are used in combination
with other organic aluminum compounds such as diethyl aluminum chloride, ethyl

aluminum dichloride, ethyl aluminum sesquichloride, diethyl aluminum ethoxide,



desired. [0076] Illustrative exanples of titanium
conmpounds include Tid4, TiBr4, Ti(0C2H5)3d,

wae@eEoMIz) A 3, Ti (OCAHg) 3A, Ti (OC3HY7) 24 2, PCT/US2005/021717
Ti (OC6HL3) 2C12, Ti (OC1l2H25)2@ 3, Ti (OC2Hs) 2Br 2,
Ti (OC8HN) 2Br2 and Tid 3 V3AIA 3. In some enbodi ments,
however, it is preferred that the catal yst system not
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Zr (OC4Hg) 3. [0078] M xturézHef the transition netal
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Pre ergﬁl y, the suEpo_rt material is an inorganic
oxiydeocarbon solvent such as isopentane, hexane, or toluene.

Alkali Earth or Alkali Metal Halide Compounds

[0090] In another preferred embodiment of the invention, the catalyst
composition includes one or more alkali earth or alkali metal halide compounds.
Preferably, the catalyst composition includes a titanium transition metal and one
or more alkali earth or alkali metal halide compounds. Such catalyst compositions
include at least one alkali earth or alkali metal halide compound in an amount to
dilute titanium centers (and hence increase the active centers), stabilize active
titanium centers from the deactivation process, and/or enhance the chain transfer
process during polymerization. Magnesium halide is a preferred alkali earth
halide. Examples of magnesium halide compounds include MgCl, and MgBr».
MgClp, particularly anhydrous MgCly is preferred. In one embodiment, from
about 1 to 10 moles of magnesium chloride per mole of the titanium compound

are used. Other suitable alkali earth compounds include those represented by the



[ 0080] Exanpl es of suitable inorganic oxide materials

include Goup IIA [II1IA [VA or 1VB netal oxides such
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thereof. Ot her inorganic ox8des that may be enpl oyed

either alone or in conbination with the silica,

alumna or silica-alumna are nmagnesia, titania,
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s dransitien troeteh epmpepul inagiculgly HANRIHE FPRE g SATEOUNG Tane
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rosifane, di am not ri et hyl si |l ane
angledtida dohkeconPuani pal mdietof dheatransitiongneielcomponshed by
slurrying the inorganic particulate material, such as,

for example,.silicain an inert |ow boiling
hyiﬂlé@&ﬁﬁﬁl,f—“é‘-ﬂ% as, for exanple, hexane. During the
chem cal dehydration reaction, the silica shoul dbe

mejoRo R ned ik aoiRirsdbodined exthganvétion, dennpphereaterial is
To the silica slurry is then added a | ow bogl i H inert
hysiebcaniodifiedo SUrenmef GO R ARFERP AP AIEA §y Teating the

support material such as silica, alumina or silica-alumina with an organometallic
compound having hydrolytic character. More particularly, the surface modifying
agents for the support materials comprise the organometallic compounds of the
metals of Group ITA and IIIA of the Periodic Table. Most preferably the
organometallic compounds are selected from magnesium and aluminum
organometallics and especially from magnesium and aluminum alkyls or mixtures
thereof represented by the formulas R!MgR? and R'RZAIR? wherein each of R/,
R? and R? are the same or different alkyl groups, aryl groups, cycloalkyl groups,
aralkyl groups, alkoxide groups alkadienyl groups or alkenyl groups. The
hydrocarbon groups RY, R? and R® preferably contain from 1 to 20 carbon atoms

and more preferably from 1 to 10 carbon atoms.



agent, such as, for exanple, dichlorodinethylsilane.

Preferably, the tenperature ranges during chem cal
wa@ledvgaiowri on reaction are from about 250C t o aPOLIUS2005/021717

12Q0C; however, hi gher and 2ower tenperatures can be

enpl oyed. Preferably, the tenperature will be about

500C to about 70Q0C. [0083] The chem cal dehydration

d Id be all t . .
DURRRE: et " Reioet ribtisnily Bt eRifiils tBiirbund s pdded in o

SURRMIL TRk &S dMBE s@ipett hyteials Caintaen odthegaganometallic
evol ution. Nornally, the chem cal dehydration reaeﬁtéj on
or about

wicbinpbendain| oswitdbleso pieaicaddhe perpeds nrcTaadly MYRRY

ahaut hours, prefer in th
cgﬂptloeﬂq%o’??l%‘ltest ?‘@ %rﬁg%ﬁ)?gl%%g 3% r@gpﬁ glﬁll,%est gdo gég}pieaature e
PaiideCs! fRIre 208 & 160°Ci STHei diluenteepinglet inzsluriying gfensupport can
at nosphere and washed one oglﬁane i mes vvit%éla drn){ d and
orbpgai of theesolvealstenmy ey SR BRI ZY1E B CreapRm ety compoun

sQl v | as the diluents enployed to formthe
sllﬁPli%gérgtHﬁﬁ?ﬁwgéﬁlsebl ution of chem cal dehydrating agent,

can be any suitable inert hydrocarbon. Illustrative of
sU0094}y dr oc afteomsouat ef heficamedifiiegageant englexsddn preparation of

I sopent.ane a he Iike. [Q084] Th j arkd

sithe ,Surg‘a:?re fr’é‘&‘gg%‘i %‘onﬁd}l@e’%%l C&Pr}sy? ryacﬁch ¥ %ﬁ‘gnig g rr&%é%, séu%r%gaglg the
Myl Y il QRS 1N RSt & frsini Cx10F iddkesi oOigAINi 2x 10X i deles of
are not critical toits utility in_the practice of the

i muedifyinmagent pérserpmet srpnoat mafsiialy dfoW s gregiss or lesser amounts

i nor gani c, oxi,des have an average particle size in the

r &ABECSTPIPSh about 30 to 600 nicrons, preferably from
about 30 to 100 microns; a surface area of from about
50[0095]1, 000 BigsteativeTbiten-feitingr evampesedfomaphepivig gprapounds

oVbie TBAY DY SHIBBATSSALS TS e Tpapef 8PHR suppor
COTFAR S OB 5 RrEd Sl ot the
i ndiethyyincagntsiemcat aiprepylspgnesmms, di-isopropylmagnesium,  di-n-
butylmagnesium, di-isobutylmagnesium, diamylmagnesium, di-n-
octylmagnesium, di-n-hexylmagnesium, di-n-decylmagnesium, and di-n-
dodecylmagnesium; dicycloalkylmagnesiums, such as dicyclohexylmagnesium,
diarylmagnesiums such as dibenzylmagnesium, ~ ditolylmagnesium, and
dixylylmagnesium, alkylalkoxy magnesium such as ethyl magnesium ethoxide

and the like.

[0096] Illustrative, but non-limiting examples of the aluminum compounds
which may be suitably employed in accordance with the invention are
trialkylaluminums such as trimethylaluminum, triethylaluminum,
tripropylaluminum, triisobutylaluminum, tri-n-hexylaluminum, and tri-n-
octylaluminum. Preferably, the organoaluminum compounds are

trimethylaluminum, triisobutylaluminum, and triethylaluminum.



includes a cocatal yst conposition. The cocatal yst

conposition conprises an organi ¢ conpound of a netal
wo@Rooaoeps 1 t hrough 3 of the Periodic Tabl e. [ POB6$2005/021717

Exanpl es of organic netal &@npounds enpl oyed as

cocatal ysts include organic conpounds of [Iithium

rmgne5| um calcium zinc, and al um num Organi C

[@M :J ren d ¢ 8 ::%‘éfﬁ{ag?ya%ﬁ?ﬁ‘ﬁ{?ﬁﬁf} g’{_)og,pefglﬁlﬁ Oaggéﬂrs ey% |o¥ganomagnesmm
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IroHRaOr 2Vl S0 RLAMANY NolSNRLRB RagRSIEEd.  amyln

al HeRr N 6RO bﬁlﬁﬁityl mLhmiﬁmghgshum,l unbut)alﬁm-ocﬁrybmgmdsum and
such as trial kyl al um nu d| al kyl al um nu

mohe hidife; deMDFfBWéank Y dsecd 11% P%PO%}'H&ymay be suitably

ui hal i ge, di alyfa' aLagiumgmREaal kaxd desthyl-n-
an%&%@kyﬁa um’num rmncg1 ride, respec%ﬂével y havi ng e
1 woylifdgaasion atons, preferably 2 to 6 carbon atons,
and m xtures and conpl ex conpounds t her eof .

I t i
cotiings | drEaaREs PG O GRS B HEAEHE obtaingd, from
al LR AEHRa) Eddr&dshi Imijtudéd srune nia@héﬁilﬁﬂ)hlyd@lcwﬁbm kmnnpound w1th a

triisobutyl alumnum and trihexyl um nu di al k
al mirion uamemt ohiélaﬂ@@@u@u @Md@§aféyhépwpm£ rr&&’ﬁlPor Hount of

hl d th
gr%ﬁ{n@% &P’%‘ie ﬁﬁéyl é‘tﬁ}rg)gésgflﬂ ffor éfé{a I%it’ g%éélaﬁgeumlﬁ‘d’lﬂkatlon
al dHay drueddl thélxd@osmso 5]3) aiekcyﬂgambmagmmmmmm}bomhégnslwmcarbon
as nethyl alumnumdichlorid
ook s eosybon BRI 1 ool 0% e Sremnmngpesiom
PJn%Bqu cail Fé/ lan@! 44 u‘t%l‘f“l&rﬁ%dﬁ dr@@eﬁbd)ﬁ‘:'g}é]] uidg) for example

[ 'um*num di ch al um num sesqui des such
aSh@dah@/,I hegtars, mmmns,eslqcanchldodecmega, di anmwresmﬂaﬁwqfums well as

nmonoal Koxi uch th al um thOXI de,
di FPRRIC QV% ?ﬁ‘segﬂl el?ﬁy’gflﬁwe ’éﬂ' u?ﬁ fUm phenoxi de,

di propyl al um num et hoxi de, diisobutyl alum num
et f[ypydpe. angd gleferRWr¥inomagnesium complex with a minor amount of

aluminum alkyl is represented by the formula (RlMgRZ)x(RfAl)y wherein R' and

R? are defined as above, R* is defined as R! and R? and x is greater than 0. The
ratio of y to (y+x) is from 0 to less than 1, preferably from 0 to about 0.7 and most

desirably from about 0 to O.1. Illustrative examples of preferred
organomagnesium-organoaluminum complexes are [(n-
C4Ho)(CHs)Mg][(C2Hs)sAllo.oz, [(n-C4Ho)2Mg][(CoHs)sAllo.o3, [(-

C4Ho),Mg][(C2Hs)3Allz0 and [(n-CsHi3).Mg][(C2Hs)3Allo.o1.

[0100] Hydrocarbon soluble organomagnesium materials and can be
prepared by conventional methods. One such method involves, for example, the
addition of an appropriate aluminum alkyl to a solid dialkylmagnesium in the
presence of an inert hydrocarbon solvent. The organomagnesium-

organoaluminum complexes are further described in the literature, for example in



al um num phenoxi de, and di al kyl al um num hydri des such

as di nethyl alum num hydride, diethyl alum num
wogasioew;7 di propyl al um num hydride, and dii sobCit/ys2005/021717
al um num hydride. [0087] |rmlone enbodinent, trialkyl

al um num conpounds, specifically trinmethyl alum num
triethyl alum num and triisobutyl alum num are

preferred. In_an er [ t,.trjalkyl .alum

co%a’ﬁasN%r%%S@” GORBRRE MsradileR Sy gl i being
1%9}15&%&10 ABRUNBS susbn@s dievdt, ahymisinugiabler hidehod for

al um num di chl ori de, et hyl al um num

seprqpar@thﬁrmﬁ qiganommlhcyporap@mdnmﬁ@%& p¥d-or di et hyl

al um num hydri de. The organi c al um num conpounds nay

b useq |n the formof a mxture or conplex conpound.

[ ot her enbodi nent, the cocatal yst is an

or gani ¢ al um num conpound havi ng two or nore al um num

at @re1] i nkedIn hireottghv dimeofghe inveotiomn rsuppqrtedg@talm oracursors

B Rrers s Lot i o ol P B BRHIREp "6t Bmer
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f aquga@Hpvgﬁb%H@I%z%rgl qnd/or v H%%sul?]ugjg glupiinrm. éllgasélat aylal% ivator to

C OFRNEIH mWdal g)aﬁftﬂﬁ{r@' ﬂltﬁmbﬁl imbldrhetio af @@nﬁﬁbcfut Qb 'aabahMJ.t 15,
1 to about nol es of al um num per. nol e

trmnsa u)trezfnrahb’t abowofpotred- n&f%a%‘fﬂtlpﬂecaélug’ﬁo‘i‘cthlev‘?ﬂ using a

| | [} 0
R BRGTR, SLby UBRROLIERRADY BE CHARFALs Al hg By 1o 20°C

t Obvhrtﬁfwntuﬂdﬁ@ kriixibg Félovasd bé)i deginig als/Einqiere&nﬂes tetwGomploam 38°C to
[0090] In another preferred n‘%8%
i NV omd pregerably apagt S0°C to to

Tllustrative but non-limiting examples of pre-activating agents include diethyl

b’%fm tath %ree-ﬂowing solid.

aluminum chloride (DEAC), trihexyl aluminum (TnHAL), trioctyl aluminum
(TnOCTAL), methyl aluminoxane (MAO), and mixtures thereof.

[0102] Activation of the pre-activated catalyst precursor, prior to
polymerization, can be accomplished by feeding a slurry of the pre-activated
precursor into a suitable reactor under a nitrogen atmosphere, typically in an inert
hydrocarbon diluent such as hexane, heptane, isopentane, toluene, mineral oil or
other hydrocarbons known to be useful in the field, followed by the addition of an
alumoxane-based cocatalyst. The cocatalyst is preferably diluted with from about
2 to 40 weight percent of a hydrocarbon solvent similar to the one used to slurry
the pre-activated catalyst, and is subsequently added to the reactor as a solution.
Preferably, the total molar ratio of aluminum to transition metal, preferably
titanium, in the system is from 5 to 300, preferably from about 100 to about 250,
and more preferably from 50 to 150, depending on the specific embodiment.
Ilustrative but non-limiting examples of the cocatalyst systems employed in the

present invention include, but are not limited to, physical mixtures of alumoxane



conmposition includes one or nore alkali earth or
al kali netal halide conpounds. Preferably, the
W@ 2008l0§977 conposi tion includes a titani um tranBCT/U82005/021717
metal and one or nore alkal32 earth or al kali metal
hal i de conpounds. Such catal yst conpositions include
at least one alkali earth or alkali netal halide

conmpound in an. anpunt o .di ' '
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ARPes—o B otrot > known as "Lew s
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transition netal conpound. Surface Mdification
in to the polymerization process after any desired purification steps.

DCC Hip

[0104] Desirably, little to no polymer “swelling” is exhibited as indicated
by little or no suppression of the polymer glass transition temperature, Tg, or the
melting point, Tm, and/or little or no diluent mass uptake. Thus, polymerization
in the diluents of the present invention provides for high polymer concentration to
be handled at low viscosity with good heat transfer, reduced reactor fouling,
homogeneous polymerization and/or the convenience of subsequent reactions to

be run directly on the resulting polymer mixture.

[0105] Polymerization processes according to this invention are carried
out at any temperature or temperature range effective in carrying out the
polymerization process. In general, effective temperatures range from about 0°C
to 200°C, preferably from about 25°C to about 180°C, preferably from about 30°C
to 140°C, preferably from about 40°C to 125°C, more preferably from about 50°C



[0092] In another enbodi ment of the invention, the

support naterial is surface nodified. Surface
wor@c0iwat i on i s preferably acconplished by trRelt/Usz05/021717

the support material such & silica, alumna or

silica-alumna with an organonetal lic conpound having

hygr?l ytic char ac%er. More particularly, the surface

modi fyi ng agents for the . or teri [

e | G PoEat TRt OUIE B St E PR igpotymer

LA dild A of the Periodic Table. Mst preferably

the organonetal |ic conpounds are sel ected from
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pr.ef,aer abl '
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erih@gﬂ'gfwa’ablytmﬁn@hscgnﬁcmetoad‘doutS(bbmﬁéthﬁHa)i s added in a
sui table solvent to a slurry of the support material.

Cont act of th | Li,Cc . i i
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ahautn 30 of UIBO1BEMY), SsrefisbPr hdedd of toOnbibatids Bfdreof are
mnutes at a tenperature in the range of from2Q0C to

1Qﬁepki)()lyrﬁhtézadif huﬁm peaspilosy efl the Zasalerr Yt cetRlyss sppeps of the
can be. any o sol ve enpl. o LA sol uki |zl -
3 MG Do SN T TR B 0L b EhBocimen
SHE - prbpPdkriZdtienaprdeds Bf canted ase modi Slyimygpkagenat effective
enpl oyed in preparation of the surface nodjfied .
s h@pmlmnnzaélpnépmé@rﬁt%% gndoPrepsuEeSyi J8° P%@&m%@ﬁ‘éﬁ’% e, take
t amount W Ll i r f 1xd
R bhghiptrh o sl semirue Setent wy
Sulﬁblgbﬁlaﬂajlt/@'ghtalconﬂrbiﬁﬂg eagegt eatier aorhydegser dfpsupxanples of
can be e d.
prepolymglpizef‘)c%% procedures, see U.S. Patent Nos. 4,748,221, 4,789,359,
4,923,833, 4,921,825, 5,283,278 and 5,705,578 and European publication EP-B-
0279 863 and PCT Publication WO 97/44371 all of which are herein fully

incorporated by reference.

[0108] The prepolymerization and/or polymerization process can be
carried out in a batch or continuous process. By continuous is meant a system that
operates (or is intended to operate) without interruption or cessation. For example
a continuous process to produce a polymer would be one in which the reactants
are continuously introduced into one or more reactors and polymer product is
continually withdrawn. In a preferred embodiment any of the polymerization

process of the invention is a continuous process.

[0109] The reactor used in the polymerization process of this invention,

will contain sufficient amounts of the catalyst system effective to catalyze the



[0095] Illustrative, but non-limting exanples of

magnesi um conpounds whi ch may be suitably enpl oyed as
w@:2@anéece nodi fyi ng agent for the support matRCT/EER05/6021717

accordance with the inventidn are dial kyl nagnesi uns

such as diethyl magnesi um di propyl nagnesi uns,

di -i sopropyl magnesi um di - nbut yl magnesi um

g Ips-) o u{it)}%)gngg gﬁ% :xﬁlljorqulap%lﬁ acﬁélgg}a ﬁ% g%éedgmeam such that a sufficient
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t ﬁlhdrﬁ)ﬁtwt imlhadnurmrdu matallysti systche Xt ahomdmemyongagiration should be
tr| -noctyl al um num Preferabl the or ganoal um num
3§€ Cé‘?rlélyttPlpﬁ%’teHWué‘%?ﬁvh% dtriisobutylal uni num
and triethylalum num[0097] Preferably, the surface
1‘10\1! Ng aggnime &hBodif@ntobH a0 MBGhes, Umdesgepoisnailed to the

wi Il have fromone to six carbon atons
prreioeo“ra.“ot ;nol-'ecahld wRizhacenteili fsrigmtell koopade rt%&swgqlem he art,
ef er r

etlﬂ Fasrq eS| 1? Eélfftmn c@%é) U&ng%ﬂggfd&%%nonomer(s)
anyl e fi@é@l’dr”@@@@&hél MOdﬁctﬁ)@ﬁ y&f pebedrudfy loweey mRsibemaverage and

n-butyl - n-octyl ma?nesn umand the |like. Mxtures of

hy\mlé%ta:\ﬁbl;ﬂlg ounds may be suitably

enpl oyed such as, for exanple, di-n-butyl mgnesi um and

etolﬂ,pi anUt yl M@Qﬁﬁ%ﬂiméx@%@%e iMegiRsl b Mqbiddsrocas iy bmployed,

nds are generally obtained from comer ci al
so\umeles:omnnsxctdmta&mmoletﬂmernmn@rs iwith plamstzsisgncatalyst in an

conpound
g{)%onal sc\ﬁdvent and allowing the monomers to react for a sufficient time to

produce the desired polymers. Hydrocarbon solvents suitable for the process
include aliphatic and aromatic solvents. ~Alkanes, such as hexane, pentane,

isopentane, and octane, are preferred.

Process Conditions

[0112] 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 from about 1 to about 100 atmospheres, preferably in the range of from 1
to 50 atmospheres. Operating temperatures are generally in the range of from 0°C
to about 200°C, preferably from 50°C to about 120°C. Preferably, the

polymerization temperature is above room temperature (23°C), preferably above



m nor anount of al um num hydrocarbyl conpound. A m nor
anount of al um num hydrocarbyl is preferably present

Wo eooeiakwr7 to facilitate solubilization and/or PEHUSE05/021717
the viscosity of the organ@&¥agnesi um conpound in
hydr ocar bon sol vent. The hydrocarbon sol vent usefully
enpl oyed for the organomagnesi um conpound can be any

of the well known hydrocarban |iquids,~f 0
e B0 o &) vel RO b e an e B AP S°C
tgleerfeefgglyapg Mlop as aromatic hydrocarbons such as
benzene; oYuene, xyl ene, etc. [0099] A preferred

or ganomagnesi um conpl ex with a mnor anount of
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[ (rclakHichwang|and ¢3he¥a&l 10. 0 1. [0100] Hydr ocar bon
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or éﬂBrPé’t S(Tr}_%‘(riegéec':o n%%%yn%ﬁ% ypfggésg%g fr%%g%%@ eftipl@indta loop

Prea@sit by@iee utilizing a plurality of stirred reactors in series, parallel, or
combinations thereof. Non-limiting examples of slurry processes include
continuous loop or stirred tank processes. Also, other examples of slurry
processes are described in U.S. Patent No. 4,613,484 and 5,986,021, which are

herein fully incorporated by reference. Such combinations of stirred slurry, loop

shurry, or stirred and loop slurry reactors are useful for production of bimodal

polymers.

[0115] In one embodiment, the reactor used in the slurry process of the
invention is capable of producing greater than 2000 Ibs of polymer per hour (907
kg/hr), more preferably greater than 5000 Ibs/hr (2268 kg/hr), and most preferably
greater than 10,000 Ibs/hr (4540 kg/hr). In another embodiment the slurry reactor
used in the process of the invention is capable of producing greater than 15,000
ibs of polymer per hour (6804 kg/hr), preferably greater than 25,000 Ibs/hr
(11,340 kg/hr) to about 100,000 lbs/hr (45,500 kg/hr).



[0101] In one enbodi nent of the invention, supported
catal yst precursors are pre-activated. Pre-activation
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slLurry. [ .cal :
ot e L S A e S A A
atha?ambl @ahe pesetie inessthabauhod30ad, the selidpatickengre present in
prefera about 5Q00C to.8Q0C, t t ai
f theeslpry i AGOREANIAIOT FAYRL ?‘P o RS Sgann%% Plume pergent. In yef
e’éﬁ‘&%ﬂk@eﬁn@{%ﬁﬁéﬁ; ﬁﬁ%tsbl\f@%lrﬁ&e@ gRNYresentil thel eludtiyedt ybncentration

al"um num ori de (DEA trihexyl alum num ( TnHAL) .
t rle;e thyd ombqur S (VDROST perpentrelvhyat 2pthes ﬁW&%@l%ﬁb} solid
an xt ures thereof .. [0102 i vation '

o PRt % PiraeR D ar Yt L G Sl iRl SR to 70 volume
POLYRE: if%at 59870 GAMnep@canRbinsiew Ty vélemdiperrest; from 15 to
slurry of the pre-activated precursor. in 5o sui.t abl e

r SActobrmeipeterntalipnt200gel vRlwBS BFEFY:; ffPSPpé ctéﬁ(&/"cilwn‘éﬁ?emnt;
i nert drocar [ t

| dop AV R TS deRehih B oM o0 A Bere e ey bons
known to be useful in the field, followed by the

adglislcios anfl Reacalr Systeane- based cocat al yst. The
cocatalyst is preferably diluted with from about 2 to

40 i ght f : h ;
CrelThe Lsecioiontie Jurh e fE B OEbY A barflyad o fopd i

i Sth%"‘i*ﬂ% LNt WteRdaedly t éhd b nicaGhophase mastotsutniyor. operated

Preferably, the total nmolar ratio of alumnumto

t regthsi tpgreameoaldovwpsietast M| the (e84 e SHTPHEEPE ofyatalyst

is from 300. pr t a i
o e ay B TS Rbion bR fh b avhon o
t hewspesthéd epaaRddiometeactor, activated in-line just prior to the reactor, or

preactivated and pumped as an activated solution or slurry to the reactor. A

preferred operation is two solutions activated in-line. For information on methods
to introduce multiple catalysts into reactors, see US 6,399,722 and WO 01/30861
Al. While these reference may emphasize gas phase reactors, the techniques
described are equally applicable to other types of reactors, including continuous
stirred tank reactors, slurry loop reactors and the like. Polymerizations are carried
out in either single reactor operation, in which monomer, comonomers,
catalyst/activator, scavenger, and optional modifiers are added continuously to a
single reactor or in series reactor operation, in which the above components are
added to each of two or more reactors connected in series. The catalyst
component may also be added to both reactors, with one component being added

to a first reactor and other components added to other reactors.



[llustrative but non-limting exanples of the
cocat al yst systens enployed in the present invention
w0 p@bae®77 but are not limted to, physical m xear/©S200$/021717
al unoxanei ncl udi ng pol ynerid net hyl al um noxane (MAO),
co-polyneric isobutyl nmethyl alum noxane (CoMAO, and
m xtures of MAO or CoMAO al ong with conventi onal
tr| | alu H@iﬁiéﬁ% [ k..l
@{])w tri- :ﬂég ut y% a umgﬁdu?n %%IH%A ﬂ&{/rsﬁhga i t%é redltor s
aI usédn UiThe Felipr it ganeestlyl ﬁteddumtlm umefﬁhlattmgltatatrumemmsuch as a

chI0|deand mx rsthere ai d 1 Xt ures

o PO S BTG AN TOr e Bice oy A hal coofif tubes
CORRA/oS L&, bP ofter %a@b?réﬁ%&%ﬁhe%éﬂﬂ@%ﬁ&%eﬁﬁﬁmn to maintain
preferably 10 to 50 nol e percent al unmoxané, wherein

th éhendﬂsere® evaction tepureraiwisomdes means Ksichus anlet pipen Fopmonomers,

oS STASRE et ammey Of s Toar R Lot A G and

peah adffiGerit Oovfow I &GP OILYIBRT bipat whithawith@aws polymer, diluent and
pol yneri zati on process, and the process is suitably

c atpfeagted rponpyegLs @mmnaeoth%rnévéngﬁf t9 énpeldieudias oF uench tank.
pr P
i e S R
pr egegsize propeeassemtllyi andopelitinat iTha resictolds arepesferabiyudsigned to
a gne-stage flash, a two-stage flash or an

coNBiYRa S PwERE AL @srcataéz%v@}dyﬂ@maﬁe{su% ity s gageor. good
po'tl}fﬂ@lﬁn&r Q86 or 3Rfhid Bfe! HeatHrAlsk@Muds drkeildiah %ﬁ&ué??ﬁllﬁd flow
in to the polynerization process after any desired
purthxbugimut dhe stwpgn foburod Jto Demid astassive i nalymert ecqwulation or

Cﬂl S exhibited as indicated by little

or &rag{%éfo&g}e USEL { he pol ymer glass transition
tenperature, Tg, or the melting point, Tm and/or
| i {o119] or noIglianyehet mlm&ﬁa&ememmmlmla/rszrdtczrabapame of
in the di luents of the present invention provides fo
hi §erfENDEer coEREent shiYoprocessh sutha At desgloged iy .S 53 417 930,
Vi f
{ ot bl Rk, ERE Rreockd R A6 Pemployed in
colttwanactacadain du b dgupniunigag tardeg ot the down-pumping variety.

[0120] The order of contacting the monomer feed-stream, -catalyst,
initiator, and diluent may be variable. In one embodiment, the initiator and
catalyst are pre-complexed by mixing together in the selected diluent for a
prescribed amount of time ranging from 0.01 second to 10 hours, and then is
injected into a continuous reactor through a catalyst nozzle or injection apparatus.
In yet another embodiment, catalyst and the initiator are added to the reactor
separately. In another embodiment, the initiator is blended with the feed
monomers before injection to the reactor. Desirably, the monomer is not
contacted with the catalyst, or the catalyst combined with the initiator before

entering the reactor.

[0121] In another embodiment of the invention, the initiator and catalyst

are allowed to pre-complex by mixing together in the selected diluent at



be run directly on the resulting polynmer mxture.
[0105] Polynerization processes according to this

WO pweno4oon are carried out at any tenperature BCT/US2005/021717
tenperature range effective8in carrying out the
pol yneri zation process. In general, effective
tenperatures range from about O0C to 200C, preferably

f bout 250C
e ZRCTe ghot, 06, el ot 6 SO
mafh Br C%fIl?E{C§\?\A]_Il’1?/ﬁ B%t@%@}@q}'it s O hdl JQRfa1 HaarsURAEMetween 0.1

tenperature [iTmted to at | east 1C bel ow t he
pcdewmils amell § inviguipni prefer{bln 063 thol §meiniicat prsferply desyess 0.2

acco to this i.nvention carrled out at any
pﬁ@@%ﬁ#@ggﬂI%WE@&@#ECPﬂﬁﬁgneﬁng?Fﬁg I'n carrying out
the pol yneri zati on process. The pressures enpl oyed may

e[om the rapgeetl isthédk BRb&UMEAB3LRAY ihveralooy the3Gii@ator and
bar 50 MPa), preferably fromQ.5 bar (50 _kPa
mmlyecaoe aiéawe(dste WPEYTPHEY Pidng fogst r 1 8 SSE?GE?@ diluent at

oA By 00N L ahy ORI g s

[Qé@&ionlt&npeﬁtuemﬁﬁ z[IEIFHet\Oéent he°d mweHtt°6n, ol efin( s)
preferably C2 to C30 olefn(s) or al pha-olefin(s),

preferably ethylene or. conbi nations thereof
or 6338yt | 786 veralhiesideRABR Moo PG oz PP fgRepding upon.

¢ afo?l e&?xtnpfe% Sé%ﬁlg%t %f:tlf 9}9 ahd %g%énﬁﬁtl&? SEbhdIfd @R¥Eration, feed

prior rization. In one enbodi nent,
t h@Jd@flé}ﬁ)OﬂaﬂTEprbdmuoﬂnrqbﬂs ocmsiori Semperafuee] ant depired molecular

slurry phase at effe |ve nerizati

C eipiat SPaGenah it BUL BB e PERb RO oA S d feam e e fve
t aje P aﬁﬁ P/ﬁictcxﬂy BBiverh @bbit TPARANBD BinufeThA Ratikle influencing
and/ or resence of any nol ecul ar wei ght

comslldehdel tigedsg ehﬂ nenomensnd ddperyeged Fﬁ?c‘f’é)klal‘r@fﬂse%ldo“ﬁle overall
e rization procedures, see U S. Patent Nos.
Fﬁg }zlg}l?l“mi 789, 359, 4,923,833, 4,921,825, 5,283,278
and 5, 705, 578 and European publlcat|on EP-B- 0279 863
ang1R4lT Publ Aeédriiiog ty\eh&Rérdtdobliment offthentnivedtiioay the process can

herein full
be carried ou%/ in a loop reactor or a stirred tank reactor. Withdrawal of polymer
product from the reactor can be accomplished by concentrating the solids for
intermittent withdrawal or by continuous withdrawal of a portion of the slurry.
Intermittent withdrawal is typically driven by a difference between the density of
the polymer product and the density of the diluent. In a particular embodiment,
polymerization slurry is circulated within a loop reactor by multiple pumps.

Typically in such an embodiment, the reactor volume is greater than 20,000

gallons (75.7 kiloliters).

[0125] The overall residence time in the reactor can vary, depending upon,
for example, catalyst activity and concentration, monomer concentration, feed
injection rate, production rate, reaction temperature, and desired molecular
weight. Residence time will generally be between about a few seconds and five

hours, and typically between about 10 and 60 minutes. A variable influencing



i ncorporated by reference. [0108] The
prepol ynerization and/or polynerization process can be
weansied7out in a batch or continuous process. P@HUS2005/021717
continuous is neant a syste¥nthat operates (or is
i ntended to operate) w thout interruption or
cess?tlon. FO{deganple a continuous process to produce
a pol yner. wou e one in jch the .reactants
c aepideno® tistoyisi the TBRRMERY %“H%i‘%‘?ﬂ%%e(‘?& IHSFUOT S %ﬁ&se the. gverall
p%%{g;rvo duct is continually withdrawn. In a
pretrerred enbodi ment any of the polymerization process
of the invention is a continuous process. [0109] The
r daLA6dr usedn ione tdmebodishspiend| the i ALipn.dhe geackr isppgrated at a

i nventjion, w.ll contai ffi Ci f :
v P b e R LB 8 YL T A O aklivey, e
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hailtemgtivedy igraatbr divarat thefhrgel O3Pkefrduced. The feed
streamin one enbodi nrent contains a total nononer

C trati ' d daetor h
COPERR, 2 GHOFRE Blpodian® ptfinHlzadled Haggdn o ktor has o
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than 30 wej ght %in anoth i .
e 155 @O RENT 44T, SPER IR DT S e e e Py e BEEaRty e
%4 rﬁc\%\)géﬁ’éir? @Ig%i&@ APROFRIMERASIOR sTudiyl B hdRSECT BrEréde than 70.

tota I g mononer, diluent, and catalyst system
(tPte valnmegreraeohselidsriatthe neasts s anggaured byt dgpally observing the

sufficiently to prevent It gt : ) :
S LT S BT TR A PSR i vos
t hgokRaChodeticdht FRlRGLh Pressticint a Gight raddss. Am ihés wehsurement

known to those skilled in the art, cr eased )
conctbod.r the iV@hgnQ)pelﬁWrsgbléﬁ 18 @qtqfr}l@e‘éf Q ogf,%vmg the height of the

con tration of (1)1 .
o SRty i SR R P ah By (AE LAY ofRBuER Feiaf by he
wehgiit oIvies agsl daptiec sdnaple wéitightesctiqnOmixtjirel and wderein the cross |

embodi ment of_the invention,. | qui d. i
engscagiad area of the sight glass contéml%glthg gépqlvre)rs%ﬁl% eis'te same as the

cross sectional area of the vertical pipe of the pipe-loop reactor.

Product Recovery

[0128] Polymer product that leaves the reactor unit of the reaction system
contains entrained material that should be separated from the polymer. Included
in this polymer product are unreacted monomers and undesirable hydrocarbon by-
products of the reaction process. Also included are any diluent and/or solvent
materials that are not reactive to form desirable polymer, and are especially

problematic with regard to removal and/or recovery.

[0129] A substantial portion (i.., a majority) of the polymer product is
separated from the non-polymer product by sending product effluent from the

polymer reactor to a polymer recovery system. The polymer recovery system is



whi ch conprises contacting olefin nononmers with

pol ymeri zation catalyst in an optional solvent and
wW@bkdoemd92g7 t he nononers to react for a suffici ePCT/UBI9085/021717

to produce the desired pol yrers. Hydrocarbon sol vents

suitable for the process include aliphatic and

aromati c solvents. Al kanes, such as hexane, pentane,

Iczg%%{]e}l ccrx@rp?ly?gc %%ggg%ogﬁﬁaﬁ%ftgﬂ’s 13@Hdlﬁ% g[grgﬁérature pressure,
REQEPRNAL &patdien Ypferd, add plitperisystphasevessdly.meri zat i on
pro ess preferably as a continuous polynerization

process. The slurry polynerization gr ocess i s
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prstfi alettyasdsdncudRiCangnigbgembl y above 700C. [0113]
I'n one enbodi nent of the slurry process, the nonomners,

ga[?)ﬁ%ﬁst (s), angm,[ %\ﬁl aél%((d?}.)n?ﬂr %oyrﬁé:r' RlsEcibfddtWfh entrained

t or ture nstitute a si ngI

Y hﬁa?t@malﬁ“@hé}? ad BereR@bY MhoRks d1y[drdcatb®3 lfyFm‘ﬂ‘dudtemdl dilwenit such
wi th good separation fromthe dilyent. In

e rdscldmefitorocarkas) serReovted §og PRl mEEZatign eraa(‘ttlgntg{gcess and
;Fﬁ%gﬁlgooﬁaxsol}grggf isecol/%yasalgg Ca?g t@fabﬁ)mﬁ’éj bBBMer @Eovery system

rom on atons, “preferabl
briapebeda ﬁiuigam?stemSoracédﬁdi m&leq;freﬁeraéd;b’ alpkegedzin, and ttl;gé)olymer
i sobut ane and i soh xane, %01 14 r ef er

DoAnessoGied GRITEBEh MATHAID RIS sl (B ER ST The ingrt sos
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terrper ature at which
system.

[0132] Entrained, non-polymer product material that is separated and
recovered as a purge stream from the polymer product is preferably further
separated into component fractions or a plurality of streams and each fraction or
stream stored, recycled or vented from the system as appropriate. It is preferred
that diluent and unreacted monomer be separated and returned to the reactor.
These streams can be separated and recovered as individual streams or as a
combined stream. If in inert gas is used in the recovery system, it is preferred that
the inert gas also be separated, p;eferably as an individual stream, and recovered
for reuse in the polymer recovery system and/or in the reaction portion of the

polymerization system.

[0133] In one embodiment, the effluent from the polymerization reactor is

flashed in a first flash to vaporize from about 50% to about 100% of the liquid



the pol ynmer goes into solution. Such technique is well

known in the art, and described in for instance U.S.
w@ai0en099N0. 3, 248,179, which is fully incorporetEUS2005/021717

herein by reference. O her ®4lurry processes include

those enploying a | oop reactor and those utilizing a

plurality of stirred reactors in series, parallel, or

comt oo ong, el L LB TR B g4

PL L BRICiIRXHRRES 0P by Slebtinyy Preabigethe vapor
arcgggég‘g?"ul%@éﬁ?dnb%rs. R0 S T

5 pBEed 2 thefiirst Hlash és bendehsedf olory prafeablydhavarrnyy condensed
ref erence. Such conbination SLir RLY 0
sI“ﬂ&‘PVE CBIPEFFP e " ﬁ?f’%tt d’orﬁtsegal%fl r1§/ P [ég)g?%%d; r gedﬁsgﬁ}?nge'
f %}(i')e BALGHd BRt AhsiPisTBeatedfl fysmrabou BDlpsia (F650kRn) to about
enbodi mént, the reactor used in the slurry process of

t Bé5 peadhii20Pa).s capabl e of producing greater than
2000 | bs of polyner per hour (907 kg/hr), nore

, bl : 0
A2 G L 3 o

K glabl Yo a kdtoad dhitethramnghacicakeitantive Theisqay chaaber prefogbly is of
in the process of the invention is capable of .. .
Bl g BTGk Rl THTHH0 3 15LTBT Shanyiet Solids/suggy in the

( f I tdlan 25, 000 | bs/ hr
1%%%85‘%%%’@%&5@%%?1 té{%%,pg%%&{egs/ hr (45, 500 (

kg/ hr).[0116] In one enbodi nent, polynmer granul es _and
sUPMaAt ed cdnalapsthelpaamabagiimentar eonspriatert RRIVEY j ¢ffluent and

particles.in.the slurry react nd £¥d ¢t th
diVeneted élqal%"a? STUBIRER, rsheraisdy offlpﬁaoﬁdé% aspeet, e
hydhesA=RANSelyRer BEtkient eRirtyher Sadhed lin @secomdbBaihnentyaporize
the concentration of solid particles in the slurry is

edigifidt o or greater than 10 vol une percent, hi another
enbodi nent, the solid particles are present in the

\S;lo[lﬂg.?]g at a goncentialiinen SOHR! inténtRh, Heepdlometihaion2éffluent

percent. 1n yet another enbodinent, the solid .
pafibria Cthe odyrRerpratis meactar isHesatsduandy then sent éh @ehashagres#ion..

;ﬁ%;f%gb?gﬁgéag uai‘izattt?qq;?g%q%:t gs ealkd't§ %%rhpérgtu}(eeﬁelow the fusion
temperature of the polymer. The quantity of heat supplied to the polymerization
effluent is preferably at least equal to that quantity of heat which equals the heat

of vaporization of the liquid medium which is to be flashed.

[0137] The polymer solids can be separated by any appropriate physical
means as well. One non-limiting example is to separate the polymer solids from

the diluent using a centrifuge apparatus.

Polymer Products

General Polymer Products

[0138] The polymers produced by the process of the invention can be used
in a wide variety of products and end-use applications. The polymers produced by

the process of the invention include linear low density polyethylene, elastomers,



particles are present in the slurry at concentrations
ranging froml to 70 volune percent; from5 to 70

waQ doaeper cent; from 10 to 70 vol une per cent ; PET/O82005021717

to 70 volunme percent; from40 to 70 vol une percent;
from25 to 70 volunme percent; from30 to 70 vol une
percent; or from40 to 70 vol une percent. Reactors and

React t 117 :
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mpoyetylaney, pobaromisne aBdipalypsepyteprsonelies) (and any
activator enployed) may be delivered as a solution or

sl urrsig, either separately to the reactor, activated

| just prior to the reactor, or preactivated and
punped as an activated solution or slurry to the

rqac3r. A pref eohetropgbaidednatording wolthisi orvsntion can be
activated in-line. For_ infqrmation on thods to .

i mredgad et gl danpitesuiabla 195 he aPRPTIREYIJE, 11 ghe ppgbodiment,
6 [ '

! ’ . E g€ range of
R R e

d efscar 0k86g)/ carte 0exjusitd. yFapphiccpplieations,ot drasity ypie ragge of from

L% er dop Spuatacor Bed WA IRy R ad by, fim
cali 8wOorbldidk, & §dRIty ShEd earde8astt REmOPEI@igicento 0.665 g/cc is

whi ch nononer,” comononers, catal yst/activator, :
sqawferrgér Foahav densitynedlymedi suchras faf &lmppplications, a density of

cont j nuously a si.ngle reac Qs 1€ :

ot Ul B8R o 1090 Bk it RisTubB e D e ST CR BBy v

eagTof mbied @50310r e reactors connected in series. The

catal yst conponent may al so be added to both reactors,

wi th one conponent being added to a. first reactor and
ofecnlay¥areht and Hielecla 2 LIl 10118] In one

enbodi ment, a continuous flow stirred tank-type

r e@ti?@.r I's ugpd o ilRRrd BaROED b tHEPRERES BT fthd t@énitbd Ran be

an-eft’i ci ent agpt t1on neans, such as a turbo-m xer or |

i npeliteed( &) , a amidex verietnl of cobleaal aedishts aprfl gpolecular weight

I nt.ernal ' . .
éistriblalltior%s?oMoqgcutlal?lb\saghts (weight average molecular weight (Mw) and

number average molecular weight (Mn)) are preferably determined using a Waters
150 Size Exclusion Chromatograph (SEC) equipped with a differential refractive
index detector (DRI), an online low angle light scattering (LALLS) detector and a
viscometer (VIS). The details of the detector calibrations are described by T. Sun,
P. Brant, R. R. Chance, and W. W. Graessley, Macromolecules, Volume 34,
Number 19, 6812-6820, (2001), and are incorporated herein by reference.

[0141] The polymers produced by the process of the invention can be used
in a wide variety of products and end-use applications. Preferred polymers
produced herein may have an M, (number-average molecular weight) value from
300 to 1,000,000, or between from 700 to 300,000. For low weight molecular

weight applications, such as those copolymers useful in lubricating and fuel oil



and/or coils, or other neans of renoving the heat of
pol ynerization to naintain the desired reaction
wao eovpeorrure, inlet means (such as inlet pipespCT/U82005/021717
nononer s, diluents and cataBysts (conbi ned or
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curve.

Melt Index

[0145] 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 (L),
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 from about 0.01 dg/min to about 50 dg/min, and most preferably from
about 0.1 dg/min to about 10 dg/min.



entering the reactor. [0121] In another embodi nent of
the invention, the initiator and catal yst are all owed

W eoopesseonpl ex by mi xing together in the sel eRCEUS2005/021717
di luent attenperatures betwden -40C and the freezing
poi nt tenperature of the diluent, wth a contact tine
bet ween 0. 01 seconds and several hours, and between

0.1 d d5m
ilAtdGs. " pr dnenatbey cHeRqBER o oS o TRt Sy 2 et
gﬁ%@ erra'tle A% /g) Kféh%sn%?asﬁlﬂagi BPASTRI-D-1 85822) off foMeto to less than

I'nvention, the initiator and
catsainpsd prefegatdy lloweabonbl ptodessdhpl €% by mi xi ng toget her
in the selected diluent at tenperatures between -800C

aggyﬁion t enﬁ%:rlgcﬁlﬁ#érsbﬁi}ﬁe &%Yeflsglgg% gﬁfte- g%%%%oﬁ nt have a
1260CindeR 32/ of ﬁ@m&%@fe@dﬁly fg,ﬁitei‘l e S, iniotre Ip[‘eféﬂably greater than

reactor can vary, endi ng upon, for exanp
c atlaleyert maes pqurybla@qu@ﬁb@trﬁ aﬁll GON FHD mferably greater than

concent ration

SIS P L A0, PRS00 s o
Resé ﬁgﬁaﬁ@oﬂd halgﬁa ﬁﬂril'qdw geeuhl Weidhe dbafbution anbo ozl dogwosition
seconds an ive hours, and ft | 1 t b

S iStB0LHOY H6S-VASoar ERBRECS MO O oDr SERTo AP T S,
| Sp i NP ? GidRI4> 8 N dide E{H)n I)f\?ﬁllch 1 8641hORtddalc8sin BN deference.

t he " overa reactor vo According to
anot her enbodi nent of the invention, the process ca
bel0t48]r i ed Glitesé polamieoppoduets @tatlsoehasacterized @g hawng at (least 10

react or drawal o r
ré@%?d#.%ﬁﬂu%'hﬁ@@ﬁhﬁﬁ?%ﬁeﬁq%?a@‘ngentﬁgﬂﬁggk?qooooImHIOf
SOﬁﬁd}ﬁlefp%semnbﬁlféfaﬁlty%twé@htmdmwbo ppmby conti nuous

W t hdr awal a portion of the slurry. Intermttent

wi t hdr awal |s typically driven by a difference between
t happlieationy of the pol ymer product and the density of
the diluent. In a particul ar enbodi nent,

po 02:1 : [ Zat ' P?ﬂp#;ﬁﬁg&héedcb&' GHe RrEdsivoF hh@ ivenf6R and blends
thereof are useful in producing any variety of articles. For example, the polymers
are useful in such forming operations as film, sheet, and fiber extrusion and co-
extrusion as well as blow molding, injection molding and rotary molding. Films
include blown or cast films formed by coextrusion or by lamination useful as
shrink film, cling film, stretch film, sealing films, oriented films, snack packaging,
heavy duty bags, grocery sacks, baked and frozen food packaging, medical
packaging, industrial liners, membranes, etc. in food-contact and non-food contact
applications. 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.



Typically in such an enbodi nent, the reactor volune is

greater than 20,000 gallons (75.7 kiloliters). [0125]
wab@enoweral | residence tine in the reactor canP@ED$2005/021717

dependi ng upon, for exanpl et catal yst activity and

concentration, nononmer concentration, feed injection

rate, production rate, reaction tenperature, and

desi reE m)l ecul ar wei ght. Residence tine wl|l

g & e between about a few seconds and five

hours, and typicall en about 10 and ni

Al ]aﬁq] abI e ﬁ‘ﬁl@ra &‘%/qff K&@?&éﬁé@eaﬁrﬁé 1P§Cf%§a%n\g1% ASTM D

a ' Wl }leRyml from the ratio

r 22(3: r vol’ %)O%gfélﬂl i%a%%gattlgfr(bl\%g?nent of the

i Tb\fGtHEIMD,méabﬁeﬁﬁﬁ@t ar (198° dherné dcg)atb thats pa Qi @ 2.16 kg).

yield greater than 2.6 | bs/hr (0.316 kg/hr-1).

AN egspestionts| were staged é%%rtaé?Pu‘i@‘lgﬁé IPH%d at a space time

yield greater than 3.0 | bs/hr-gal (0.360 kg/hr-1),

al sf tively greater than 3.3 I bs/hr-gal (0.395

k ). [0127] In another enbodinent, pol ymeri zati on

slurry in the reactor has a vol une percent solid
gr[ﬁb&]f}r t harD&Bity i e/fce isddtorminpdinasicordangrevith pﬁSE\ér 1548 and

0 rrzat Iurr |nth act o
TP bERRARRLE, ik, BrpubEr S leqy G and
t I'}:%n@i@iloﬁéﬁe 51 3€In|eOH01ﬁ| Hf rIYZ)OP nct fd)e appidatiorequiibgiungntogystallinity,
than 70. The vol une percent solids in the reactor is

mensasnechely fov ideusityliy thoh seade iimg denséty spadiens cPbpdl of a
representative captive sanple of the reaction m xture

' N d.t t - .
I L

perig8hfotczedphg$methodet er m ned by observing the hei ght
of the settled polymer particles in the sight glass
and d|V|d|nq this observed heroh b
t deBC Msthod\ /A 'S - Bhigh Tgmperatu 2
mherern the cross sectional area of the srght glass

O]n' Ng tRGs CABhLY Cust@P | Waless 1IBECSATT/GPCE 3] GefBsation
sect nal area of the vertical pipe of the pipe-|oop
r edzomatograph equipped with a Waters differential refractometer that measures

the difference between the refractive index of the solvent and that of the solvent
containing the fractionated polymer. The system was used at 145 °C with 1,2,4-
trichlorobenzene (TCB) as the mobile phase that is stabilized with ~300 ppm of
Santonox. The flow rate used was 1 mL/min. Three Shodex (Showa Denko
America, Inc) mixed bed columns AT 80M/S were used. The data is acquired- and
analyzed using Waters Corporation Millenium version 2.15.01 (or equivalent)

software.

[0154] Polyethylene (PE) molecular weight values are calculated based on
a 3 Region “broad calibration” approach: 1) The low molecular weight region
(250-850 g/mole) is calibrated by a series of n-alkanes. 2) The column calibration
in the middle molecular weight region (5,000-350,000 g/mole) is based on narrow
polystyrene standards for which polyethylene 'equivalent' peak molecular weights



Product Recovery [0128] Pol yner product that |eaves

the reactor unit of the reaction system contains
wepsadsed material that shoul d be separated fPONUS1ve5/021717

polymer. Included in this p6lynmer product are

unr eact ed nononers and undesirabl e hydrocarbon by

products of the reaction process. Also included are

any diluent .an /or | st
r d9¥§ jbgen l31681 Sﬁ{l:%sgqé,/%a ?31 La & Py sgﬁiélragf grgglgghe Matlonal
PRl @ERY 'S@an\ﬂhltdlﬁ ah@ J@ktehot @ ISE)T'Qc\b@kdlﬂgl &/ e plf@&dmercyscussed in
[0129] A substanti al portlong a majority) of

pd'WnemalpBw@aatOf Sasépds oeda r%r#qsﬁféwh()&gmnyﬁefhysz?s and

b BTGP 3Bl SR USPS LS LR Wor

f eeREhy BRFERR) | SOPElyayete ts;andaxﬂt rand hserdgtoacalﬂuratetfyr MW >
par anmet ers i ncl udi ng terrperatur sur.e
U A56000] Biingl e pamateroh G BIRHRE, Tathoh dPde gy &lisping Mark-

V%&%%kcl)&ﬁ 3Qs N one enbodl rrent t he pol yner

recovery system i ncor porat es the use of an inert gas

to purge or scrub opt unlll{ bte EMLra ned materi al
fromthe polyner prsg"ct '.“Erl siis a
conposition that is Nb\f]:IZ 4P nQ.. reactive with
the pol yner product | PEnd NﬂwXHQ AdeB 700 suf fi oi ent

gquantity as a driving force to separate the

ngn= pgl ymer ¢o .
RIS SOTRRADA Sy AR DL KEEn B st
Ni e 1R the Qataﬂtloﬂ folamp ait tthee péakr inethid dmmrragnal mo Iemhsstandard
associated with entrai ned ma erl al s. suc %
ol braigUs BCaReBOrE Y S5 SRS AR o Al SHIEFgh Shrve of
hydy Cgt?MPﬁ QL OALRBR vo @C%V&ﬁﬁdortiélom & BRUWEEE #Btda@ and an

rea process and sent to a pol ymer recovery
s yadtepolafoepeainsisdgtermived pobxtent the seltvatign eyrve.em
i ncludes a pur ge system or vessel, nore preferably a

corrp05|t| on is then input into the purge systemto
PUfp@selor dr i YEis OtHettidde ey raaiwemrs 150C C GPC gel permeation

chromatograph equipped with a Waters differential refractometer that measures
the difference between the refractive index of the solvent and that of the solvent
containing the fractionated polymer. The system was used at 145 °C with 1,2,4-
Trichlorobenzene (TCB) as the mobile phase that was stabilized with ~250 ppm of
butylated hydroxy toluene (BHT). The flow rate used was 0.5 mL/min. Three
(Polymer Laboratories) PLgel Mixed-B columns were used. This technique is
discussed in "Macromolecules, Vol. 34, No. 19, pp. 6812-6820" which is

incorporated herein by reference.

[0157] The separation efficiency of the column set was calibrated using a
series of narrow MWD polystyrene standards, which reflects the expected MW
range for samples and the exclusion limits of the column set. At least 10

individual polystyrene standards, ranging from Mp ~580 to 10,000,000, were used



materials, thereby formng a purge stream which is

recovered fromthe purge system [0132] Entrai ned,
woenspadoyner product material that is separat eBCHOS2005/021717

recovered as a purge stream’fromthe pol ymer product

is preferably further separated into conponent

fractions or a pI urality of streans and each fraction

t I
230 H5hF favetiotaof UCR el e Ty o YURRY from
&ﬁﬁ&re}ga%%&ﬁ@r (Alﬁ‘heﬁfﬁPM/’@t @chnadighivaddnti se@de.t To bdsere internal

reactor. These streans can be separated and recovered
asohsislendyd ik flewratis wrreaisd ok B4 GeaT8f F¥RiR BVe § Fommon

| ner fé P? Hon Eoe{#ﬁ% ﬂo&/:}atte Ir?rsarf(& &b Yo B¢ ﬁl%?&ltllvg i C]§Ct peak) before

gas al so arate
prm@ﬁm’ﬁhg tiRSreAtiom dolving fat eash memstyrmacsta:ndamb &Fhecfldvp marker

reuse th I i
pomip b RBIE S 41 YRR ST syt SR sh galvzine
gﬁaﬁﬁgesem@fé%lgei@ ts an é&?en?iﬁfééﬁe@thé EQIBrathe procedure. A calibration

rization reactor | ashed in a first flash to
vaqmmve 1 gMiovs.absertticB0vplumentio gendieBeh by repryding the retention

i dmedi um t.o. p €.Cco t
b By B GEFR ha BaRb LT ALfh e o
r educs ng -Hides M&ﬁorﬁfal bPofj@lﬁidn@@tanHﬁlﬁE & cdd @b.phé&&siﬂgb’@icotec
obtained in t e first flash is condensed, nore

pr%ﬂ eao&waye tSeenplespwierd snadysred eringd WaveNstiicse dapor IGGR dio and
o istriag '8 SRRLARInd SERIRERRAAG DhsPEAL exchange.

ash1's opera at from about
140 psia (965 kPa) to about 315 psia (2172 IcPa).
[ Ofb348] | n anat Ipeerfeleetboptbname mﬂyirerthsobtaﬂsntarapplication for
di schar ed froma fjrst fl

L PTgal Seaig Gaberecy af Erfers LR aBegk meiting
pc)?ﬂ'ft]f {;I‘ne)f Sg%ﬁ %%h% t%H%)'Braﬁﬁ‘e t(@c)”ﬁb:ﬂtcﬁ" f[i31§n WAl UfRtallinity

urry in the seal chanb
su'fvénecdleemnme:d neng ttlad folhmpngspmcéurse?@DOIdp@l@SﬁSﬂ"M E 794-85.

anot eergnue Tbé)c%{n%%gt calSrmettie r(B%%‘? Hatay%g 0 in%&”ﬁmﬁ‘é‘ dy TA
Instruments model 2920 machine. Samples weighing approximately 7-10 mg
were sealed in aluminum sample pans. The DSC data was recorded by first
cooling the sample to -50°C and then gradually heating it to 200°C at a rate of 10
°C/minute, called first melt. The sample was kept at about 200°C for 5 minutes
before a second cooling-heating cycle was applied. During the second cycle, the
sample was cooled from 200°C to -50°C at a rate of 10°C/minute, called second
cool, and then kept at -50°C for 5 minutes and heated to 200°C at a rate of
10°C/minute, called second melt. All the thermal events in both the first and
second cycle were recorded. The melting temperature (Tm) was the peak
temperature of the melting curve and the crystallization temperature (T,) was the
peak temperature of the cooling peak. Tm, Tc and heat of fusion were obtained
from the thermal events in the second melt and second cool unless otherwise

noted.



vaporized liquid are continuously separated. hi a

preferred aspect, the concentrated pol yner effl uent
w@kweoyors flashed in a second flash to vaporiRE€I/US2005/021717

liquid. [0136] In one enbodi8nent of the invention, the

pol yneri zation effluent fromthe pol ynerization

reactor is heated and then sent to a flash operation.

Preferably, the polynmerjzation effluent.is_ heat

CeTShar LY e oRaE st poRef e b AERLS bs bcfhated
POk YiBhe mEASiroY @ity YorGhe BaAble BHARNbRE dedsitiBEof crystalline and
pol yneri zation effluent is preferably at | east equa

t carhérahowpugaiydthylens atvoadingito dhe eqpativs: tMeXndér -dip.) / (1/p. -
vapor.i zation of the liqui dju ich jgt

f | Henets deperited)in %H@&?%?ﬁg P@%ﬁ?)g}g@% ﬁ’%@’fé&éﬁ%‘@&l Bgkker,
a a ri nhysi: ; . . 1
mciicr BERP sRBURRY ' £ She TRABEXaltble domi e 1o g it o
f r @rthifiae dbAsitoNindysi 18 thetaneplidusidegsitya fharalua of pPdd tyker to be
Products Ceneral Polynmer Products [0138] The golyqprs

pr bR glambywhitrethp velue 9f pois comangnhy espepish 28 4358 &/ W ed

in a wide variety of products and end-use

applications. The polymers produced by the process of
th?ﬁﬂﬁ&&ﬁtion i nclude |inear |ow density polyethyl ene,

el astoners, pl astoners.. hi ensiLiy pol yethyl enes,
neﬁiﬁﬂﬁﬁeﬂaﬁﬁgﬂ§85§gﬁﬂ¥ lgggﬂgﬁgzpdensity

pol yet hyl enes, mul ti nodal or binodal hi gh nol ecul ar
Wej0aBo] pol yetrhy Faneang pebatinamll earipss depinytpate plydtehe slurry
copol yners. Density [0139] The pol yners_prodyced .
acelpsdli pRiymerizaion PhyiEhitisn Wil SBPGieEd Flegleray algn gatalysts 1s
deps; it Uonbi r 3t d N@i.e. not
SeBTbIs e Aled S O ORI R ot Spsblan .
popartaiifg ka¢ion §l)anchepshtion. i Thdsh dilnentgeanofosess mrange of boiling
0.86g/cc to.0.97 g/cc. Far. so aﬁghﬁpati% s, a

dePRiPtsependingon B SOpPOFIHgHAnd molecular weig
[0161] For the examples below, the heteroatomic nature of the diluent is
defined as:

# atoms per molecule excluding C and H / total # of atoms.

[0162] Thus, for a conventional hydrocarbon diluent, this value is equal to

ZEero.



0.88 g/cc to 0.920 g/cc is preferred while in other

applications, such as pipe, filmand blow nolding, a
walewsiooy71 n the range of from0.930 g/cc to 0.BEEU§I0021717

is preferred. For |ow densi#®y polyners, such as for

filmapplications, a density of 0.910 g/cc to 0.940

g/cc is preferred. Density is measured in accordance

W t h A. -be -tlhOd- O' l ‘L,_ ll? hg}oa Ai'%,gldﬁﬁents

t he process of the invention can be produced in a w de

vari-etyv of mpl ecul-ar—weirahts
-et-y—oH

and il ol o o [y
di & \ . -.L_..uguu. at—WeH ||; ie allutollulﬁl Gt a ‘,irailﬂ{l$0int :C]
;—t—l’——l—b—U—t—l—Q—Rél—!mgl——e-C—H-l—ﬂ-r—. L vl A
nmo B?hmaé? weight (Ma) and-—nunber 0 QIDI" AN A nn.gul 169
S t \NALAJ ] ST ot ToCTT verrayc T C O Ul
wel y det el ned aSHArg—a V%&ers
150Peflperolsxane, sj on Chro oh %SEC) equi-pped—alth a
di { Perfleerobuwianer of r act i ve index det%ctor (DR an-
. \ St AR
onl Perduoresyclohiree | i ght sclatterind {LALLS) ldet ect B and—
a vilddabl.eheptaflugiopropie det ai | s Bt he detlect or -152

cal (BFG22Tsms are described by T Sun_ P HBrant R R
Chandd,3, ahbexgfluoygpraeaessi ey, MacPéfol ecul es, Vol ube

34| (MkerB2afa)19, 6812-6820,! (2001), and are li ncorporated
heff éilri, %33 hexbBueorrenang 0141] The BSPymers producef-Sby

t he Jfr©2&®s) of the invention can be used ijn a wide

val ilgtly3, dlexpilwdepcesnand end- use &8@pli cati ons.

Pr e{@Fe¢-eébfpol yners produced herein may havie an M

( nuaiRorgvanrage nol ecul ar| wei ght P.09al ue frjom 300-%%

1, 0Q@r©OQEYL) or between from 700 to 300, 000.1 For | ow

wei ght nol ecul ar wei ght applications, such as those
copol ymers useful in lubricating and fue

Oi j0368POSi t i BiNthe foNoWigAluBPPhise APefienispressure is reported in

contenpl ated, or |ess than or equal to . 10,000. | .
| natmesphentscaidpernds RaneqysEe JieBr LHE SERNCEHOM Stogs We%ﬁﬁ“s are;

or CPARHy b sEP R abl Chaf oI 60 000 of more,

preferably 120,000 or nore, preferably 150, 000 or
NoFeed tnl Co-monomer

[0164] Polymerization grade ethylene was used and further purified by
passing it through a series of colummns: 500 cc Oxyclear cylinder from Labclear
(Oakland, CA) followed by a 500 cc column packed with dried 3A mole sieves
purchased from Aldrich Chemical Company, and a 500 cc column packed with
dried 5A mole sieves purchased from Aldrich Chemical Company.

[0165] A mixture of 19.99 mol% N, and balance H, was obtained from
Aeriform. It was further purified by passing it through a series of columns: 500 cc
Oxyclear cylinder from Labclear (Oakland, CA) followed by a 500 cc column
packed with dried 3A mole sieves purchased from Aldrich Chemical Company,
and a 500 cc column packed with dried SA mole sieves purchased from Aldrich
Chemical Company.



LLDPE cast grade filns a weight average nol ecul ar

wei ght of 40,000 or nore is preferred while a wei ght
war@sage7hol ecul ar wei ght of 60, 000 or nore i SPCT/US2005/021717

preferred for blown filmgr®des. [0143] In an

enbodi nent of the invention, the polynmers produced

have a nol ecul ar weight distribution (MAD), which is

d f W€I r.age I ' :
e ot 31 S a0 LS AR AT S5 B I i
gr@aﬁmraubﬁ &ﬁo@ﬁv/batsfb ﬁi@@ﬁta (A@dndlrcmmieale@m@panryem@kmh Basic
pol'ymer has a WMh of fromabout 3 to 60, while in

ot Hentoetrser] sememingrstisae] Adrmolestaicielchas aMv/ Mh of
fromabout 3.5 to 40. [0144] In another enbodi nent,

th | efin produced has at | east two species of
noﬁ%%g%so wei ghts. Preferably, both species are

present at greater than 20 wei ght % based upon

def®a6Yjo! ut i oA efppGRE1 @bgleIANatta watagi;m dieparedbagdording to US

or e G o4 i bR £ BRBERL RASHEE Tt s

a deaised %aﬁ%HQQ o8 Bﬂeﬁ@dmmﬁbtﬁrstmﬂ@(w(ﬂ@@aﬁb &gwrmsrs silica
desired end use. hi one enbodi nent, the polyners have

a deytirdtdad ex 60040 i feacted) w1tHSA]lE§ISalur6®QCbl)n isopentane, solvent is
ASTM D- 1238-E, in the range fromO0.01 dg/mn to 1000
dgremiaved rnd ehe resuitirgbprpdfictoin dredut IO i@ seggrdrisient o SOluthH of
about 100 dg/m n, even nore preferably from about

dgMeiCy end AEJgtL/H6lCly disselyedid THBgs miked étr@lﬂCnythém Product
about 0.1 dg/mn to about 10dq%{eamn%014 3({) &dln
en@@ap@r@hfheoﬁrs& Hiep,iSALYERk i sRmoYHeadohy fest ol e

Bﬁ‘q%fgg t%: %6 ufa fdrin@ll ih She"RBSH §€p lEh\’reacted Wlth EtpAlCI and

rom 10 to | ess than 25

g&e -he:p(l %} E%gbé 8% p]egtahg T!hgssﬁl Vet ?e%ov%ng]aéz]thg ??oduct is

Fnvention 'n a preferre | men
h A e

Scavengers / Co-catalysts

[0168] Triethyl aluminum (TEAL) was obtained from Akzo Chemicals,
Inc. and used without further purification.

Diluents

[0169] 1,1,1,3,3,3 hexafluoropropane (HFC-236fa) was obtained from
DuPont. 1,1,1,2,3,3 hexafluoropropane (HFC-236ea), 2H-heptafluoropropane
(HFC-227ea), and perfluorobutane, were obtained from SynQuest Laboratories,

Inc. Polymerization grade isobutane was also used.

[0170] All above diluents were purified by passing through a series of
purification materials in the order of Molecular Sieve 3A (obtained from Aldrich

Chemical Company), Molecular Sieve 13X (obtained from Aldrich Chemical



melt index ratio of frompreferably greater than 25,

nore preferably greater than 30, even nore preferably
wQ@e@anerd7t hat 40, still even nore preferably gPERUS2005/021717

than 50 and nost preferabl ylgreater than 65. In

anot her enbodi nent, the polynmer of the invention has a

narrow nol ecul ar wei ght distribution and a broad

oo rod e ooy e bt yEE M CogiRah EBRgany) prior
5,16 98B ked b EpsloseikafonAeddimwhi ch i s incor porat ed

herein by reference. [0148] These pol ynmer products are

al so characterized as having at |east 10 ppmo :
rdOidlal | Rnlymerizties egrade Beeansr ¥BY WS%@REEWE@ grygfied by
10,000 of . fl [ e fh 19bcl
22000 Bie o fios At SREEROT 0 RE Sopl e, Lyt Hbotear

t N©aR1BELES) FhlIdWE] by veI00i cercodumn Ipherdswith dried B Aamele sieves
useful in producing any vari et f gét | es.

. 0 For .
exaghased fiRE AdinpheFlemaicd CeEpdny- PR TofSitg packed with
0 pcﬁ{e%tﬂﬁ)ﬁl%leaﬁe\fe'\?\épgichﬁﬁﬁﬁom angidh GRmieNtC ). and
coextrusion as I'T as bl ow nol di ng, injection nolding
and rotary nolding. Filns include blown or cast filns

f oR emndloibD eseoiptionumiddirepardtion ani nati on useful as
shrink film cling film stretch film sealing filns,

orj ed fil snack packagi a ut

gr @‘jz#ly sacks’ y@ﬁﬂ%agwgg dwgrgo%%gi%%gdﬁ%fgk%ﬁ S‘?‘ﬁOSphere (N2)
”E@'?'B@l uhiR€ kaetiades dquihpsd it anl dxnensl heaerfuraemperatecontrol,
in food-contact and_ non-food contact applicati ons. lated
Fi glasssiniseret (i NOISRE MAITRASIOISI 11 SHB SPRHT Gl Icgrogulate

nel t Dl . fiber ' f ' - ed with
roul, 875 bERE R e el oD 0 cipped v
nedisgakblg FARK htechgad] etitreis€g00 8Pd). Ekhe adedavastwap psepared

i ncl ude, medj cal tubing, Wre and. | e, coati ngs [
pobwBing s dritpemi A of [E 38uS 1P Es epd B R R Sutor
siﬂ(g*l and nmulti-layered constructions in the form of
bottles, tanks, large hollow articles, rigid food

contai ners and toys, etc.Test Methods
Ethylene/1-hexene Copolymerization:

[0173] The reactor was prepared as described above, and then purged with
cthylene. The reactors were heated to 40°C and ethylene was first charged to the

reactor.

[0174] Diluents with boiling points below room temperature were
pressurized to approximately 80 psig (552 kPag) at ambient temperature to
maintain them in the liquid phase and were subsequently added to the reactor via
syringe. Higher boiling point diluents were added at ambient temperature and
pressure via syringe. The amount of each diluent added at 40°C was calculated to
give approximately the same volumetric amount for all diluents (~4 mL) at the
polymerization temperature to be studied. Therefore, an amount in excess of 4mL
was added to compensate for evaporative losses due to vapor pressure generation

in the headspace above the diluent.



[0150] The nelt index (M) was neasured in accordance
with ASTM D 1238 (190 C, 2.16 kg), the nmelt index

WO 2006009M R) was determined fromthe ratio of P¢EUNM005/021717
measurenents at (190 C, 21.8 kg) to that at (190 C,
2.16 kg). Measurements were started after about 6-1/2
m nutes. Density [0151] Density in g/cc is determ ned

i n_accordance wjth ASTM 1505 TM D192
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oL P e oD SRR B R P fpegetion vas st
Tepairadsufce gbiratbe e alid eompbrianat(egyephyhyd@dpd], dihiest, co-
nmet hod uses a Waters 150C ALC/ GPC gel perneation

c hmomunerg seayhn gstgpspalysili inHhe reagicsr Reafilipp gesitieg for each test
refract onete sures the difference between the
re%ng“&ﬁ%@lﬁlﬁé@gg%ng e solvent and that of the

sol vent containing the fractionated polyner. The

SY@Lesn was uSepoettd Tablyet wiak stifre@ i -toluenec il ambigah ieansrature
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S A R it et e

anadtalysslandsineptalgiste prs dompiorTablesn 2B eni um ver si on
2.15.01 (or equivalent) software. [0154] Pol yethyl ene

(P@é | ecul ar .wei ght u I t
3 ﬁlgn "br%‘a&hecg |u_er\a{1 |to%§utg°%gr%gcﬁdﬁkq)ﬁ$h§ﬁgg\’/ #Mhekanes
ND4REAINAE 2188 Ih? Bited €Qiths2ESTiRGo falomihgheirsaddadonle atsext that
by a series of n-alkanes. 2) The colum calibratio
minimal solution is remaining in the’syringe. This procedure 1s appheH after the
addition of the l-hexene/scavenger/co-catalyst solution as well as the catalyst
shurry. Thus, in each case, the diluent mixture at reaction temperature consists of

approximately 15-20 volume percent hexane as well.

[0178] Ethylene was allowed to enter (through the use of computer
controlled solenoid valves) the autoclaves during polymerization to maintain
reactor gauge pressure (+/- 2 psig (13.8 kPag)). Reactor temperature was
monitored and typically maintained within +/- 1°C. Polymerizations were halted
by addition of approximately 400 psig (2758 kPa) Oy/Ar (5 mole% O;) gas
mixture to the autoclaves for approximately 30 seconds. The polymerizations
were quenched after a predetermined cumulative amount of ethylene had been
added or for a maximum of 45 minutes polymerization time. The final quench

time for each run is listed in Table

[0179] The reactors were cooled and vented. The polymer was isolated
after the remaining reaction components were removed in-vacuo. Yields reported

include total weight of polymer and residual catalyst. Catalyst productivity is
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Table 3: Reaction Conditions for examples A-F

Example Temperature (°C) Total Pressure H2 Pressure
(psig/kPag) (psig/kPag)

A 85 150/1034 20/138

B 85 290/1999 20/138

C 85 375/2586 20/138

D 85 300/2068 20/138

E 85 260/1793 20/138

F 85 305/2103 20/138
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Table 5: Amounts charged to reactors for diluent mixtures of n-hexane and

HFC-236fa
Example n-hexane Amt HFC-236fa | Amt Cé6= TEAI Catalyst

vol% (mL) vol% mL) | {dL) (Umol) Jg
G 100 4.2 0 0 700 3 100
H 80 3.3 20 1.3 700 3 100
I 70 2.8 30 1.9 700 3 100
J 60 2.3 40 2.6 700 3 100
K 40 1.3 60 3.8 700 3 100
L 15 0.1 85 5.8 700 3 100
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suppor tret—Zegter=Tajta CRt FloyRS 5 eRsed Wik 4
di | uents—conststing pf—varyigs EVel's ofz et er gagam
(i.e. not—pertaymingg to G 0l ohfia | NCOT PedsaBi|on. 2abhese
di | uentjggcan pogsess; a range.oei2 POI 1 ng74pi|nt S3774.3
depending on their cpnpos| tio@miozand nol emaligr wedsght .
[0161] [For the pxanp}es bkl owsg21|he het eregationi 83%at ur e
of the [diTuent |s defi ned| a9:084 at ons P¥X3nDI €8IS
excludijng C and|H/ fotal| # 0§88t ons. 819.33 3462.3
6 0.0814 900.12 3255.5
I 1 0.0869 926.48 3364.8
2 0.0795 954.06 2989.3
3 0.083 884.94 3364.7
4 0.0836 865.14 3466.6
5 0.0759 1028.8 2646.5
6 0.0808 889.59 3258.4
J 1 0.1052 1630.6 2322.5
2 0.1017 1658.5 2207.5
3 0.0971 1270.3 2751.8
4 0.095 1454 2352.1
5 0.0951 1639.2 2088.5
6 0.0875 1134.3 2777.0
K 1 0.0921 1849.3 1786.6
2 0.0892 1944 1646.1
3 0.0896 1397.1 2300.6
4 0.0708 1377.6 1843.7
5 0.0899 1624 1985.9
6 0.0818 1677.9 1748.9
L 1 0.0797 2700.8 10623
2 0.0697 2700.4 929.2
3 0.0657 2701.1 875.6
4 0.0873 2700.1 1164.0
5 0.0506 2700.5 674.5
6 0.074 2700.5 986.5




[0162] Thus, for a conventional hydrocarbon diluent,
this value is equal to zero.Table 1 below |ists exam
wo e®eob99cDNVent i onal and het eroat om cont ai ni n PCT/USWDF021717
[0163] In the foll ow ng sl uéry phase experinents
pressure is reported in atnospheres and pounds per
square inch. The conversion factors to S.I. Units are;

1 ' | s.6.894757 kP 1 at .
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Chem cal Conpany. [0165] A mixture of 19.99 nol % N2
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co : 50 CHBRTh&W ! th nds @ Liahek @@entities of HFC
(Jaoggﬁlﬁd, CA 1‘%@?8 I omgﬁggg&g tgggﬁgc colum packed w th
dr diagnB@Aansusais pelyesripatichwiheitflossin prodpfiertycheni cal
Conmpany, and a 500 cc colum packed with dried 5A nole

[ d from.Al dricgh Shem cal Conpany. [ 0166]
gL LRl A P *Al f a- Aesar and further
PUkibdimsntayerfdid tration through basic alumna (A drich
Chem cal Conpany, Brockman Basic 1) into a vesse

[OROBT A SupGaialists 2 SgpariRanegoded Surlia, iabaled gocording

AR SO Qlainty N ohlas onpen

i NThisrcatlyst epsrepdrad ihthréd steps. snethe fitRiepGVERe Gagp& Co. 955
955 silica dehydrated at 6000C is reacted with Al Et3 .
at sil@o@hydratsba P00 ds reselied avith AEEt3 at 60°C in 1sopentane, solvent is

removed and the resulting product is dried. In the second step, a solution of

MRl

MgCly and TiCl3.1/3AlCl3 dissolved in THF is mixed at 60°C with the product

formed in the first step, solvent is removed and the resulting product is dried. In

the third step, the product formed in the second step is reacted with EtpAIC] and

Al(n-hexyl)3 at 60°C in isopentane, the solvent is removed and the product i1s

dried.

[0185] 1-hexene: The 1-hexene comonomer was obtained from Alfa
Aesar, their stock number 31648, and was purified prior to use by passing it
through a column of activated aluminum oxide, obtained from Aldrich Chemical
Company (their part Number 19,944-3). Before use, the activated aluminum
oxide was placed in a vacuum oven at 200°C, and vacuum was applied at least

over night.



renmoved and the resulting product is dried. In the

second step, a solution of Mg 2 and T-Cl 3.1/3AICl 3
wale@sobdsed in THF is mxed at 600C wi th the preduTs2005/021717

formed in the first step, s6lvent is renoved and the

resulting product is dried. In the third step, the

product formed in the second step is reacted with

Et and n- hex at _6Q0C in is .
cotfsth o el AR oBlgRo e PO RGP R ek T State
ScaveRasiusified GRiof Rk b tpasdifl B 8lrodgh £5dtids o@bunificution columns
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1,1 3..3._hexaf - . qbt.aj
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al 0 U568 nb g)éﬁq"]un@eb AROY G AbIIEDES 718 Rékhi hb [%Qrt B¥mber)

passing thro a series of purification materials in
t heeer genufadtutdd| lec Wlera ShemizaBlopityai dd Oxymieanl epligh was

Cheni.cal .Co , Si X (@bt aj f

A DG B aa itipay 2o oal Sk b BT tafumber
freaphtdipedy Chem cal Conpany) prior to being used as

a polymerization medium [0171] Pol ynerization grade

| i exane was used and further purified by passing i
;hma@h a seIrM_Eml_'m:{sL:ghhlﬂ E J@ed@%wa%s @gﬁﬁmﬁ%éﬁ a IM
rom.labcl.ear (Oakl

e T S e R A R N

Al ghd whs Ehesd eih heampany.sMabefose 300 cc col urm packed
with dried 5A nole sieves purchased fromAldrich

Chem cal Conpany. Reac | pt.i i.
[0188] rrFlex:}{ne: RTl-afe Lg){ang%ggg ‘Eop(iiiu en thaenijgie aasrc%talugend from
Aldrich Chemical Company (their part number 29,609-0). It was used as

received.

[0189] Isobutane: The isobutane was passed through a series of
purification columns on the way to the reactor. The columns were (sequentially):
13X molecular sieves, Selexsorb CD alumina, Selexsorb COS alumina, and
Oxyclear column. The 13X mole sieves were 8 - 12 mesh and were obtained from
Aldrich Chemical Company (their part number 20,864-7). The Selexsorb CD
alumina (7 X 14 mesh, no part number) and Selexsorb COS (7 X 14 mesh, no part
number) were manufactured by Alcoa Chemical company. The Oxyclear column
was obtained from Lab Clear, 508 29th Avenue, Oakland Ca. 94601, part number
RGP-R1-1000.

[0190] Ethylene: The ethylene was a polymerization grade and was
passed through a series of purification columns on the way to the reactor. The
columns were (sequentially): 3A molecular sieves, Selexsorb CD alumina,

Selexsorb COS alumina, and Oxyclear column. The 3A mole sieves were 8-12



[0172] Pol ynerizations were conducted in an inert

at nosphere (N2) drybox using autocl aves equi pped with
wa@eooext®rnal heater for tenperature control, gPEEES2005/021717

inserts (internal volune ofS8reactor = 22.5 nL), septum
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oV E mgleTipls s Uik Remiecis, e op tese Y leng B aips AI§efribed
th%&gﬁdspace above the diluent.[0175] A solution of

exene and TEAl scavenger/co-catal yst at room
tenperature and pressure was next added to the
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roc erat.ure
BR o, ARSL B bR SRRt kB Bho 180000, e

pr W%fﬁ Kas Qis)éﬂ@lﬁﬂoﬁgﬁ pOfNMASN T tuntr ddﬁmuﬁﬁgs&umele sieves,
generated by the conmponents (ethylene, hydro%
di 13¥mole sigvesnarepelexsorb CD alumina, and Oxyclear The 13X mole sieves

were 8 - 12 mesh and were obtained from Aldrich Chemical Company (their part
number 20,864-7). The other packing materials were the same as those for the

ethylene purification (described above).

[0193] Hydrogen: The hydrogen was Ultra High Purity Grade obtained
from Matheson Tri-Gas. It was passed through an OxyClear Column before used.

Examples

[0194] Experimental runs were conducted in a lab-scale, 2-liter slurry
polymerization reactor using the described diluent in Tables 1 and 8. The catalyst
was used as described above. The cocatalyst was triethylaluminum (TEAL).
Ethylene, butene and 1-hexene were used as comomoners. All experiments were
carried out at a reaction temperature of 85°C, for 45 minutes. The 1-hexene, 1-
butene and diluent were purified prior to reaction by passing the purification

systems as described above.



scavenger/co-catal yst) in the reactor. Reaction
pressures for each test are included in Tables 2 and

WG 2006009967 Supported catal yst was stirred in tPCT/ERBOR021717
anbi ent tenperature and pre¥sure and added to the
reactors (at process tenperature and pressure) via
syringe as a slurry to initiate polynerization.
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Tab‘l’1¥mf’{‘)1’7 ofuctire F%tﬁ‘itf@’f Snglypis ci%ﬂpsr&{% Py i sEpetippat, the
{3%1 ubts3hated o blafhilat REid S Follent Ba€LAIOThe granular
en were renoved i n-vacuo. Yields reported

i nmlatedlﬂl Wa$ pourae ifight thefregstary anst tharfdula@tsmdr@aal was serapsel off of
i sr ranB of

el geastpbraUheay Lty B B0 15 Al B B8 MBRnt were

1nd1v1dua11y weighed and analyzed for weight percent fouling, productivity (PD),
density, melt index (ML, and Mly;), melt flow ratio (MFR = MI,,/MI), and
polydispersity index (PDI = weight average molecular weight divided by number

average molecular weight). Results are given in Table 8.



Yi el ds and catal yst productivity are listed
all experinents at each

in Tables 3 and 6 for

(g/g*hr).
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Starting Materials [0184] Catal yst: A supported

Ziegler/Natta catal yst, prepared according to US
w@ai0en09947 302, 566, was obt ai ned from ExxonMobi PCT/US2005/021717

Chem cal Conpany. This catalyst is prepared in three

steps. In the first step, WR Gace & Co. 955 silica

dehydrated at 6000C is reacted with AIEt3 at 600C in

| 59PeAt ane, /Rl MeNh THld &RMakhantr tHean@emdundgf comonomer

product is dried. In the second step, a solution of .

Mjah® &nchd 1Ebeesk/ 3 Ehdrighied ohydsacarponTqtiueats phasy aihigher

6Q0C with th roduct far ' L

sorvafvriet PEABhRE A ek B bt I s mpst pigbebly

| nelaft tb fhd Wwet efBylehd Solpbitiiat HFO ang thusra Hipleer séecing hexene-

step is reacted wth Et2A C _and_AI&g&hixyl)S at 600C

il fosathdeneanio. This isgiovergraphicalyiBFe® e hd t he product

is dried. [0185] 1-hexene: The 1-hexene conononer was

0 hged fr r | rodd®48t a lower

aﬂ@?%gs pur?g¥£g&gﬁﬁ§§&f%mggghgyaggggfﬁngsﬁthrough.a

c odensity ofin@thic fiumtindted hydionaodildets witheutfewlitg: ofhts is shown

Al drich Chegical Conmpany (their part Number 19, 944-3).

Beftaptacalydn Higte et i vat ed al umi num oxi de was placed in

a vacuum oven_at 200C, and vacuum was applied at |east

ovEe¥perimental 'OII@BP‘BIEB}EJ{’%@?Z‘%: 1- but ene was obt ai ned

fr [@I@%ﬂat hes ofg, LR, Bt §afRsdBS a RiTuchi 8 aPX LOkluirg féador for

by passing it %hrough a series of purification columms

bedthylend fl-batesiei ojrodiuneiration.o Theecatelagt wred Wite MibiL fefs type

wer e (sequent.ially): 4A molecular\si.e S et
A L. AP e e A i o B Snfbives
ThSo19eiBBnStRYRS H&h eb&h- HFZ-1asEh arnid heesre dbitaitnedd PE
from Al drich Chem cal Conpany (their part nunber
20cl@e@tetizatiqthéatse| exsorb CD al unmina (7 X 14 nesh, no

part nunber) and Sel exsorb COS (7 X 14 nmesh, no part
nunber) were manufactured by Al coa Chem cal conpany.

The Oxycl ear col um was



-62-

2004B074 PCT App

obtained fromLab Cear, 508 29th Avenue, Qakl and Ca.
94601, part nunber RGP-R -1000. [0187]

wareioenbworal um num ( TEAL) : The TEAL was obt ai neRCEESR0$/041717
solution in hexane from Al d2i ch Chem cal Conpany
(their_part. nunber 25 266-2) and was diluted with

hexane -t 0|0. 5M before| use; [0OL88]| Hexane:| The hexane
used tg diil,ute,the, TEAL was ofstained |frjom A grijch |
Cheni ¢& Company (the|{r part |[®nber 29,1609-/0). | vas
used a& recei yed. [0189] | sobutane: The ilsgbut ane was
passed thhiough a $series of purhfijcatijon doljunns.on |t he
way tcgﬂgelreaqto:l The cplumis were (sequ:en;ialﬁﬂi Yl
13X moe@ul'ar | Si eves, | Sel exsofd QD aljuni na,| 'Sel|&sarb
COS allunPha, and (xyclear| col iftm.| Thd 13X nolle |ST eVes
were 8= Tz st and wer e| obtpi ned friom Al drilch
Chem gal 2Conmpany (their part pgnber 20,1864-(7)|. [the |,
Sel exsgr@ ¢D al'umima (7 X| 14 jesh| ! ng parlt’ nunhez) [and
Sel exg0rby COS| (7 X 14{mesh, np part nunber) rie
rmnuf"cturgd ty—Al-coaEhefrcar —conpany. | Ji gﬁyci ear
col urrr_a\@fl\gobtgl ned frgm Lgb %eam 5@ @%Iﬁ&&éﬁlueg
Oakl and s 94501, Sparg nlgibeSRGE R ﬂi@Sr@ FRR] |
Et hy! 6@ | Fhe |et hybengswas=a (B yrer | ﬁﬁ@h%nﬂ arl
wagy passed-thiough—asertes—ofpuri-fieatton—eehurms—on
t h@ wa g the reactor. The cplunns werge |
(s&gugrti a y);; 3AmolBcul ar sievel, [Sel exsigb (@ |
al &n nay' el exsorh COB~al uni np, aymd . Qxycl eaf™colsum.
Then 3A nolje sijeves werle 8+12nmesh and wme pglbt Linhed
frdgn Al driich Chenical |Conpany| (their part| nunper
20,858- 2)=| —The Sell@xsogp €D alam 1fa (7, X 13 Jesfs no,
par nm‘rﬁe% gnd & exgor b 'CORg(7|X 14" peghizinolpart’
nugper)) War e nanuflact ured|by A coa Cheni cial | con any
Th O<yclpgar gol umm was obtai hed fron Lag) d ear, 508
= {1 T = U | S P AP = P P I I g = B
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29t h Avenue, Cakland Ca. 94601, part nunber
RGP- Rl - 1000. [0191] HFC 236f a:

W@ 21008/0®937 3, 3, - hexaf | uoropr opane) The HFC- 236f BCTHES2005/021717
obt ai ned from DuPont, markeBed as SUVA 236fa. The
HFC- 236f a was passed through purification colums
containing 3A nole sieves, 13X nole sieves, and

Sqbgaor b CO\@iheniandin Tede: I SdoWidael st @vtbsitiveeinebcBh HFL2245fa
nesh and were obtained fromAldrich Chem cal

(talnélhexm arewurrﬁﬁr Bihylgeg pplymerh grodupet ipHE Q@@'}fﬁa% lower
b kbR 38 SRR s PR e bR esacion

( G 248s3tiRent af | uor opr opane) The HFEC- 245f a vvas
obt ai ned from Honeywel |, as mar ket ed under their trade

E 3000. Th HFC d
odPENTcat | onheoPORST BHIGHFF i TG nURG 187 GBS T pesireble
?Dr%%itgé{% hofi‘)%g éﬁhﬁ&é@f@t@lﬁhﬁ%ﬂﬁplﬁﬁ@@ PofadeidIn. hexane.

ves were 8 - 12 nesh and were obtai ned
f ritipurdl4dshioeds tithemprowdd Worpbalegy (of e polyaet pigdngierroduced using

20, 864-7). The oth | terial
asantgfﬁég é% Fglﬁlpi?rﬁg E%?{%‘}FG:% glli?r;\%pg?l? glélf) g h%lovgg eog élﬁJ]IgolgﬁglEproduct
abR¥@loed Gk Y AsatdvdePBRRocalbeéh dijighogen was U tra Hi gh

Purity Grade obtained from Mat heson Tri-Gas. It was

passed throulgh an OxyC ear Col unm before use ]g ib
Ex[&%l]es [01 al\]mﬂ@érfﬁllﬂﬂéﬁ%sanb%ﬁ%s iesnsiop ot il Pe gpprsicigted by

r r rwidsl £
e Gt
rigedrsasitiide sdnt badaiakdywithdhelepatiag dloysthewayit and scope of
triethylal um num ( TEAL Et h but ene and 1:hexe
ke DoRS. AU iFHERE RO P A TR ] Py rence
0 rﬂ“}g &y E8s 9hd/BP A&k Focé&urbd, ROt 18S extent
Tﬁltéer%h fgﬁgfgté 1{1“ englrogﬁrhﬂéll d|SI uent vvérrlgegpolﬁrl fied =
prihat they areamt ticomsifigntpeigsiba disclosugsderdii-cat i on

[0203] All documents described herein are incorporated by reference
herein, including any priority documents and/or testing procedures, to the extent

that they are not inconsistent with the disclosure herein.



systens as described above.[0195] For each experinent,

the reactor was purged with nitrogen, followed by the
w@adwsnoon? of the Teal solution (0.5 nolar in hBXEODENS/021717

60 to 350 cc of 1-hexene or6460 cc of butene-1 and

60- 90 mmol es of hydrogen. Then 750 cc of diluent was

added. The reactor tenperature was raised to 850C, and

etUIyABMS gas was added to raise the systempressure to

398@&@%3_(2068 kPag). Then the catal yst was then

fl n with 250 mi of additional diluent to

initiate reaction. [0196] During the reaction, the )

syist emA prypessabupreduesg paliynteacoreprising BoIY@ebiyingd/dfisby fveight

an external steam and cqol ihg water control %%st m

d%gh presence

and t her ;s sthviengaad RRioRaMY D0 04156 OHorY e

kPag) _ &8 28K 14BNt IY $rBTA sI0AS of BElymer
et hyl e%a%@%oﬁéta%éﬁgg%eactai on, ' ad}ji ti onal ° gﬁ;l Engm
was addelids owhdreinsthst dilneatitcomptisesabtl Jeasto Shwolgmenhpercent of a

reactor_ pressyre. at 300,psi.g (,20 kPaqg).. ) € :
reacti %%temﬂ]ioﬁ?r 84 bgﬁfl%ﬁt%ﬁ?%ﬁ]t Ve"?‘?‘)n%t"f% Qijuept, wherem
the r eesﬁf\/c\l&froé’@?isvc%ﬁ@l@&ed & altehptiak&ot Heatefteh bPequaloe30°C.
react or s then opened, and the polyner product

coll ected for analysis. Depending on the experinent,

the pol ynmer product. consi sted of granul ar sin and/ or
féﬁlanfﬁﬁﬁFQEF%PRﬁ?ﬁbgﬁiﬁﬁﬂf Cﬁ@%@?ﬁgPp%b§ﬁpoured
fromthe reactor, and the foulant material was scraped
off of the reactor walls and slurry agitator. The

grianul dFhermoesss af claim 1 wdgredmthegeiadyst HamGRAGEEL Y

wei ghed and anal yzed for wei ght percent fouling,
productivity (PD), density, nelt index (M2 and M 1),
med t flow pajcee OMcRim M @hdrdinl e, flandhapal heiwpabsi topnsists
i ndex (PDI - weight average nnleculgr wei ght di vi de

by nunirseendioBy aat leastonaicaronefomend 2Reas s ‘émeg‘ia‘g’éth and
In Tablcﬁ)t%ngl%pé‘tqggsﬁo&qyd%&n'a%. Table 8 o

5. The process of claim 1 wherein the fluorine containing hydrocarbon is
represented by the formula: CH,F, wherein x is an integer from 1 to 40,

and y and z are integers of at least one.

6. The process of claim 5 wherein y and z are integers equal to or greater
than 1.

7. The process of claim 5 wherein x is an integer in the range of from 1to 10.

8. The process of claim 2 wherein the molar ratio of the fluorinated

hydrocarbon to the Ziegler-Natta transition metal component is greater

than 100:1.



Reaction tenperature 85 deg. C for all sanples; *I/2

di aneter, 1/2 height die; AGPC Method A, BGPC Met hod
w®20060080t ene Conononer instead of Hexene. [ 0197¢T/Tkm05/021717

data in Table 8 shows that 6or the same anount of

conmononer input to the process, the fluorinated

hydr ocar bon diluents show a hi gher incorporation of
cdhononke pragesa of 6lan lvBefstt thy éll*ﬁél?‘%tﬁ‘rt | QRIS af least one

pr obabl | at y S [ | I Br more
HFC anJ%t%ﬁéﬂbgﬁﬁgﬁeégg??ggﬁﬁvgaﬁeégﬂS¥ ?Jggéé?%gfbne
ratio. prbfesablpatsbasaongCaphCoeakdng. in Figure 1. [0198]

The data further show that product can be produced at

a lower density using the fluorinated hydrocarbon

dijgie nt”ghe"‘%iczp&g tof ERUh I1NGherdiRithe HFuchh e¥RpAsed RhB@drt bf ahleast
Figure 2. perinmental - Polynerizations (Table 9):

[0199] @R3EHRGRIHhydocubed ansl at deastieane flnomngted hydrocarbon

slurry react for _ethyl ene .1-buyfen
(co) pol Vﬁ@?‘i“gtg? fr’é’ﬁt}lrellf?é ac%?%ﬁ’ylg ;{ ltl%rsagl e Qf frop §-2 gfocdgss than to
type cafalgystoreatd third @Bideisilyasect solpper t ed

Ziegler-Natta catal yst. Table 9 sunmari zes
pol yneri zation results from both HFC 245fa and hexane

Lot aRgoEE SRRGACIRIAEEH REnTBLE FROMRALN ROheARRe of

nerization aracterization
Data ' ' fPehy0EpicE &isk s tovorley/cagreaterthan theutedsity bf thedellymer.
condi ti ons[ 0200] As the data in Table 9 show, catal yst
activities in both HFC 245fa and hexane are simlar.

rEr:eF%/'l Fgglé%llé%?%‘ﬁ cPc{i]ﬂdHC\@Herleiﬂ thE GRS BashAd@sitp Wethe range of

an those produced in hexane, indicating

| ess pofrymed.08xg/cadessohan o HFES ZAST gredier tbant thg dewrity of the
The polxgers produced in HFC al so have the nore

desi r abP®Ygfanul ar nor phol ogy, conpared to the cl unpy

nor phol ogy produced in hexane. Figure 4 shows the

I nproved nor phol ogy of the pol ynmer product produced

usihg afih¢pOcess of sinar lewherginrthy dileers cempwpeRg Tgure of at least

mor phol ogy Sé%lflra%elaeh%cl)%r 2 PIPRURhst one fluorinated hydrocarbon and

the fluorinated hydrocarbon comprises greater the 1 weight percent of the

mixture.

14.  The process of claim 13 wherein the fluorinated hydrocarbon comprises

greater the 5 weight percent of the mixture.

15.  The process of claim 14 wherein the fluorinated hydrocarbon comprises

greater the 10 weight percent of the mixture.

16.  The process of claim 1 wherein the diluent comprises a mixture of at least
one saturated hydrocarbon and at least one fluorinated hydrocarbon and
the fluorinated hydrocarbon comprises greater the 1 volume percent of the

mixture.



produced using a saturated hydrocarbon diluent. [0202]
Havi ng now fully described this invention, it will be

wappreedoat ed by those skilled in the art that PEBEUS2005/021717
i nvention can be perfornedo6s thin a w de range of
parameters wthin what is claimed, wthout departing
fromthe spirit and scope of .the inventio

Al | .
dddurenkhs Rreeess abedpie e herin thenHuoTPkes Ryflrggarbon comprises
e o e EulISHE S Rondlielydliner ARYRRbOr | Ly document s

and/or res, tot e extent that they are
not inconsistent with the disclosure herein. [0203]

Al |l docunents descri.bed_ herein ar i nc
r ier enthis PraFess PL %mﬂ '“ﬁlﬁf%ﬁlep QSVP ﬁ%%uﬁaéh?%"ompmes
and/ or %@é&ftﬁg19rveﬁﬁ%e%§emgptheaﬁx@@ ent that they are

not inconsistent wth the disclosure herein. CLAIMS W
Gaim 1. A process for producing polyner conprising

msr 2| n 70%.b t or to
p}tl ona e pr ﬁ‘?s8f %ﬂ#@ g’g e&f & %IJéS%gr%ggg% gt "ot more
Zi egl ersihiad io@aw@ig{m%tmm& @ﬁa adtflordonthrlpeBmierizedf or m a
slurry of polyner solids, wherein the diluent

conprises at |least 5 volune percent of a fluorinated

\/vhgi oC aflg g]?ract:)%sg & it 1h§fh£r%g1 zlgﬁéj BEinfHises 78 \gélghlte%t or more

FOCESS is con a tenperattre of
gr eat efoﬂth@fbtﬂrw@gm&lf ethg1686 @nd omdiengypotyesaizef. cl ai m
1 wherein the catalyst is supported. 3. The process of
claim1 wherein the catal yst is unsupported. 4. The

processrpf gr%k@és Bt ]c}éi‘iiﬁ [ %E‘refﬂq@ch?lleh'@ Eérﬁﬁﬁ&g 8'3%%1@152@%@%&6

consi sts essenti al east one carbon atom and
at | easséf thmotﬂlwmghtmé etitybame and doropranergiolymerizefleast
one hydrogen atom 5. The process of claim1l wherein
the fluorine containing hydrocarbon is represented by

Zgﬁ.f or il BrocEstfctaiehkRin cth§ledd coRpRGRIOOf Weilghtl %t & more

of the total weight of ethylene and comonomer polymerized.

23.  The process of claim 1 wherein ethylene comprises 95 weight % or more

of the total weight of ethylene and comonomer polymerized.

24.  The process of claim 1 wherein the polymer has a melting temperature of

greater than or equal to 75°C.

25.  The process of claim 1 wherein the polymer has a melting temperature of

greater than or equal to 95°C.

26.  The process of claim 1 wherein the polymer has a melting temperature of

greater than or equal to 110°C.

27.  The process of claim 1 wherein the polymer has a melting temperature of

greater than or equal to 125°C.



and y and z are integers of at |east one. 6. The
process of claim5 whereiny and z are integers equal

W o00e/0099reater than | . 7. The process of cl ai P€BUS2005/021717
wherein x is an integer in@&he range of from1l to 10.
8. The process of claim?2 wherein the nolar ratio of
the fluorinated hydrocarbon to the Ziegler-Natta
transition netal conponent is greater than 100: 1. 9.
Theg pr o[%%spsf?%fss GFlah Y WHEIR Mheldd@yiflir BT hdaMIok Hdion greater
compri ses “a east one Cl to C8 ‘alkane, preferably at
| east ahs &iequal t€20 J4. kane, or nore preferably at
| east one C to C8 al kane. 10. The process of claim1
wherein the diluent conprises a mxture of at | east
ong sat Sl o thatpdl A&t hRnehédt Worfidied gebater
h;z?focmﬂ{?%rsgm%sg)régi%%%tﬁhle@%%?ﬁrephas a density in thegﬂs
range dharf oromual t2 49/Jé¢ | ess than to 0.2 g/cc greater
than the density of the polyner. 11. The process of

| ai wher ei n .t he nj ot Vb -
L DT AR [T e i, e

t han t hgalensiubModd J¥he pol yner. 12. The process of
claim 1l wherein the m xture has a density in the

range of fromO0.05 g/cc |less than.to 0. 05 g/cc eat er

t idn t hehedprnesss E glatinnk whstein e pofgmerrhas *’pﬁ?jage"@‘%?n greatet
clai m Iy wher 'ugltton?()q@.uent conprises a m xture of at

| east one saturated hydrocarbon and at | east one
fluorinated hydrocarbon and the fluorinated

hydr ocarbon conpr.i ses greater .t he.1 wej ght r . Of
W2l BoCa OF A GESan dte KRt 18 LB IpRg ereater
f 1 uori ngted: fydr @caobps conprises greater the 5 weight
percent of the m xture.

33.  The process of claim 1 wherein the polymer has crystallinity derived from

ethylene incorporation of greater than or equal to 10%.

34.  The process of claim 1 wherein the polymer has crystallinity derived from

ethylene incorporation of greater than or equal to 20%.

35.  The process of claim 1 wherein the polymer has crystallinity derived from

ethylene incorporation of greater than or equal to 30%.

36.  The process of claim 1 wherein the polymer has crystallinity derived from

ethylene incorporation of greater than or equal to 40%.

37.  The process of claim 1 wherein the polymer has crystallinity derived from

ethylene incorporation of greater than or equal to 50%.

38.  The process of claim 1 wherein the one or more comonomers contain

olefinic unsaturation and are capable of insertion polymerization.



15. The process of claim 14 wherein the fluorinated

hydr ocar bon conpri ses greater the 10 wei ght percent of
w0 b@everure. 16. The process of claim 1l wher ePCr/UB®05/021717

di l uent conprises a m xture8of at | east one saturated

hydr ocarbon and at |east one fluorinated hydrocarbon

and the fluorinated hydrocarbon conprises greater the

1 volune percent of the m xture.17. The process of

clgi m ' ' b $6i8cted

arSat er LS B A R o
processroaf liekai brahehather eing-dohtifihg ofdfimatheding up to 30 carbon
hydr ocar bon conprjses greater the 10 vol unme percent of
the ni »QURe ang gom tl‘ﬁ%&ﬁ@& ‘of claim 1 wherein
et hyl ene conprises 50 weight % or nore of the total
wei ght of ethylene and conononer polynerized. 20. The
praoc es <Thef proteass mf Tlaned® ivhersith fHeeore eomMere segorymmers selected

wei ght % or. nore, of the-total ' f ethyl ene and
comg)nonféqm BF%ﬂ‘PéPfafélﬁfde%ﬁto %8@?%2@@ of cl>/ai m 1

wherei n et hyl ene conprises 85 weight % or nore of the

total weight of ethylene and_ conononer pol ynerized. d
2241. Thelhsrroesss affolamaddrwheriie ks P PhiHoEH SORBAYJRFLS sglecte
90 wei ght % or I tal weight of ethylene

and co%%lﬁg?arpdgﬁg%%ipzhé :?e . The process of claim1
wherei n ethyl ene conprises 95 weight % or nore of the

total weight of ethylene and c]gm)nomer ol ynerized. lude at
2442 Thel sy roesss oérlam atnheriiRdhe PRC OhBHo PYRBIOHYES i uce @

meltin e of greater than or equal to 75C
25. Thgleé)sﬁgggég&%ﬂe’cl aim1 wherein the polynmer has a

mel ting tenperature of greater than or equal to 95C
ﬁgﬁ |TE STI?&‘;]%;«S?S;O Fz@%{gﬁl %é’rei‘?ﬂﬁg Ghe 01t' I%%IGD gélxc%ﬁé}gﬁreaselected

from hydrocarbons, polar moieties, and mixtures thereof.

44.  The process of claim 1 wherein the process is carried out in a loop reactor.
45.  The process of claim 1 wherein the process is carried out in a stirred tank
reactor.

46.  The process of claim 1, 44, or 45, further comprising continuously
discharging a portion of the slurry from the reactor as polymerization

effluent.

47.  The process of claim 46 further comprising flashing the polymerization
effluent in a first flash to vaporize from about 50% to about 100% of the
liquid medium to produce concentrated polymer effluent and vaporized

liquid.



greater than or equal to H GC. 27. The process of

claim1l wherein the polyner has a nelting tenperature
w@boognermrer than or equal to 125C. 28. The pr ockGEUS$005/021717

claim1 wherein the pol yneré9has a heat of fusion

greater than or equal to 10 J/g. 29. The process of

claim1l wherein the polynmer has a heat of fusjon )

gréfat erThepacess ogglain 47 duditer $PEPTiSiDg copdensing dag vansy obtained

claiml whereiRn. the a heat of fusion

ar eatermtt %ﬁrsgﬁasélq@gfo%{tg&%reg'ﬁgr}. 31. The process of

claim1l wherein the polyner has a heat of fusion

greater_than or equal tq 100 J/g. .32. The process of

cl49- m 1Thenepessp of %@1%68 T RIEPHSIAG 8Pef6ffm§ {hirepgtor at a space

ar eat er b Do Of-oEiHidn 0% 113 Lo 33gxgThae, pr ocess of

claim1l e polynmer has crystallinity derived
from et hyl ene i ncorporation of greater than or equal

to_10%, 34. Th f claim1 ein the pal :
O O e et S5 TSP AR bR LR e
of greafigfy ér@‘ﬁé}tﬁﬁnﬁgqlﬁé/hﬂghl@g/éoﬁéhr@he process of

claim1 wherein the polymer has crystallinity derived
from et hyl ene incorporation of greater than or equal

to.30%..36. The cess, of, cl.aim el I .
hadcr ygﬁ%Pchﬁﬁst(glcg%lm 5% Q' hfe?% it gﬁ#@ﬁ é§ Pﬂ%{%‘{%g anrP gt s?bgﬁé tme
of greayigll drbaér thin B9UB/hit @1 4Q95 Bghr-Hhe process of

claim 1l wherein the polynmer has crystallinity derived

from ethyl ene incorporation of greater than or equal

t 0550% Tﬁ@%rog—&g P LR 2T |8 SRY %n%h?onqlt}ﬁ: @st flash

h ghgm
nNoT'é conbnoners contain olefini ¢ unSatura n and are
capabl epdlimenseélidsi ona petode flashatlirough3 8. sedhehquutwe essudficient
claim 38 wherein the one, or. nore compnoners are .
se| ect efimension such as to maintain a volume of polymer solids/slurry in the

seal chamber sufficient to maintain a pressure seal.

53. The process of claim 10, 44, or 45, wherein the volume percent solids in

the polymerization slurry in the reactor is greater than 50.

54,  The process of claim 53 wherein the volume percent solids in the

polymerization slurry in the reactor is greater than 60.

55.  The process of claim 54 wherein the volume percent solids in the

polymerization slurry in the reactor is greater than 70.

56.  The process of claim 47 wherein the first flash is operated at from about

140 psia (965 kPa) to about 315 psia (2172 kPa).

57.  The process of claim 47 wherein the concentrated polymer effluent and

vaporized liquid are continuously separated.



fromlinear, branched, or ring-containing olefins
having up to 30 carbon atons, and conbi nati ons
wo b@seafo77 40. The process of claim 39 wherei n PEEUSNGS/021717
or nore conononers sel ected0fromlinear or branched C
to C2 al pha olefins. 41. The process of claim 39
wherein the one or_ nore connnogers selecaed fro

| i Hear B pioces chIcia 4 WhSTAE, thy sOncpRizats Pebet sffluent slurry
cl al m 3¢ H0ReSh D OFIINEL B vapBEiSe RoRNONeT s | ncl ude at

v : .
| east one polyene. e process of claim1 wherein
the one or nore conpnoners are selected from

hydr ocarbons, pol ar noieties, and, m xtures theregf .
445.9r-The li}f‘rd’é%@gs drig 1“5&‘?&?%%Het¥?é’obr%°c“és§‘ei grSt flash is
carri eds ibnded b3 heBQURchARBEL OF . 45. The process of

claim1l wherein"the process is carried out in a

stirred tank reactor. 46. The process of claim1, 44,

or 45, further c r.i si onti ' i Ny
Oy PR SHBRTHSARERY P BaREH 89 el
pol yer {zRn 188 1bpfreatestiby Miltiplsunpsoarisshaéinthaidacés volume
further conprising flashing the polynerization

ef f | uenis greptes thanr 23,040 gadlang O/ Syl f r om about 50%

to about 100% of the liquid nmediumto produce
concentrated pol yner effluent and vaporized |iquid. 48.
Thel.pr oTks praakssc bfchin 747 firthee compriping dieagng thred polyimegzation
the vapor, obtained in the first flash w thout
conpres@ﬁ&ﬁﬁ-49. The process of claim48 further
conprising operating the reactor at a space tine yield
greater than 2.6 | bs/hr-gal (0.316 kg/hr-1). 50. The

pr 6Z.essThé pokeismf 4himtedrehereiniee pelsmienration efPesnddelpatad to a

a spac etetn{préFature below the fusion temperature of the polymer.

63.  The process of claim 62 wherein the quantity of heat supplied to the
polymerization effluent is at least equal to that quantity of heat which
equals the heat of vaporization of the liquid medium which is to be flashed

in the first flash.

64.  The process of claim 46 wherein the polymer solids are separated from the

diluent with a centrifuge apparatus.

65. The process of claim 1 wherein the polymerization is carried out at a

temperature of from 0°C to about 200°C.

66.  The process of claim 1 wherein the polymerization is carried out at a

temperature of from greater than 30°C to about 180°C.

67.  The process of claim 1 wherein the polymerization is carried out at a

pressure of from 1 to 100 atmospheres.



yield greater than 3.0 I bs/hr-gal (0.360 kg/hr-1). 51.

The process of claimb50 wherein the reactor is
wWop®eaowd at a space tine yield greater than 3PGI/US2005/021717

| bs/ hr-gal (0.395 kg/hr-1).7152. The process of claim

47 further conprising discharging fromthe first flash

pol yner solids to a second flash through a seal

charrber of sufficient dinension such as to maintain a

| .
SO ci R BTt TEF RCHE 8 el CoBRoing TeactpR B ene and
pr oces sOp@bnslllwamohﬁhnoﬁrér inra ddivwhepetaminhaydollupecarbon or

percent solids jn the polynerizatian rey jn th

r eact orPeriduqyPeaRbe} 1 the Rraspnces a %ﬁé%’ﬁ&g gtaié'f;t %"isgfnrﬁo form
53 whergehp.tBe M?Héf"ﬁl {RE FrfeRtin, 34 k&S véringd 16 polymer.

pol yner1 zat on sturry in the reactor is greater than

60. 55. The process of claimb54 wherein the vol une

pe gf Q:Tf?egﬁrb%%g't g a@é) QE:{&I% %Elc{?g RuShidf fyY se'l%ltédlhﬁom one or

process

47 wherghR ¢he d,} [1ﬁéarfﬁralﬁheﬂ Sr ORAIC: aﬁcﬁ*ﬂ)nﬁirs fndomvixainesithereof.
140 psia (965 kPa) to about 315 psia (2172 kPa). 57.

The process of claim47 wherein the concentrated

a e process o erelrn

c o ncent fr@h@i tp @,y idar of bilateted ahiharcrlgrﬁnssanﬂlmhﬂcb thereaf.
second flash to vaporize liquid. 59. The process of
claim 47 wherein the vapor fromthe first flash is

ZZW\?\EZ’?}% %)(?{%;gsatof fsARYewhEin IR dRLARCSnHsel | A 1Bhst one

e polynerization slurry is circul ated
wi t hi n hjdeoflwmpcarbact or by nulti pl e punps and wherein
the reactor volune is greater than 20,000 gall ons
(75.7 kiloliters). 61. The process of claim47 further

compri sTRY hsakd g dikie B8l WiBrkiZ @d Afluent comprises at least one

perfluorocarbon.

73.  The process of claim 71 or 72, wherein the diluent further comprises at
least one C; to Cy alkane, preferably at least one C; to Cyo alkane, or more

preferably at least one C; to Cg alkane.

74, The process of claim 68 wherein the diluent comprises a mixture of at least
one saturated hydrocarbon and at least one fluorinated hydrocarbon
wherein the mixture has a density in the range of from 0.2 g/cc less than to

0.2 g/ce greater than the density of the polymer.

75.  The process of claim 74 wherein the mixture has a density in the range of

from 0.1 g/cc less than to 0.1 g/cc greater than the density of the polymer.



effluent. 62. The process of claim6 1 wherein the

pol yneri zation effluent is heated to a tenperature
whedoemotne fusi on tenperature of the pol yner. BGI/UI1we5/021717

process of claim 62 whereir2the quantity of heat

supplied to the polynerization effluent is at |east

equal to that quanti_tﬁ of heat which jﬁual t.he. htgat ¢
of 76y aportiezap¢ash obflaip 5|W}§Eﬁzlg thapxivEe s iflcpsity 1y {gg range o

flashed.in (Hj'é %/)éclr ks fthas ggﬁa -Ebeg‘rQeEtQtCﬁ?a% gl &RitfNof the

46 wherein ol ymer soli e separated fromthe
di | uentpolyrhdr. a centrifuge apparatus. 65. The process
of claim1l wherein the polynerization is carried out
at a tenperature of from QC to about 200C. 66. The

Prpces 31' 1Y pr&éRl B diadh 86 QiBreki e PR 458K icdddell @t inSa loop reactor
carrie OlR at a tenperature of fromgreater than 300C

t o aboudr alsB@€d tBik. reddier. pr ocess of claim 1l wherein the
pol ymeri zation is carried out at a pressure of from1
to 100 at nospheres. 68. A process for producing a

POJgy MErTIROPRELS:! AcIERAGYT figthet Bythgien@rentipiousiyadibchagzing a
conononer I n a medi um containing hydrof| ugrocaybon or

per f | uarastien oithe shirtyHeom thesermier asfolymgrzghien ijyenty

catal yst systemto forma slurry of polynmer in the

medi um and recovering the polyner. 69. The process of

cl 7. m 6BhavpRkisoft Hleint JsDRah@r canspristigefitehing tenpammenzation
more C3 to C2 linear, branched or cycligc nmonopers ap

e ur eafTas s ot sy Basirtg app e gamgort S doatelBlfof the
the oney;qr i JBDRORLS Epb1§Hcl AMEB ah@ vebarized
i near elcl)cﬂ{l Fgénc eg pﬁg{eo?%%%ﬁzéndﬁm%eurees thgr ec;/fQ.p “e

71. Theliquidcess of claim68 wherein the diluent
conprises at | east one hydrofl uorocarbon.

80.  The process of claim 79 further comprising condensing the vapor obtained

in the first flash without compression.

81.  The process of claim 80 further comprising operating the reactor at a space

time yield greater than 2.6 Ibs/hr-gal (0.316 kg/hr-1).

82.  The process of claim 81 wherein the reactor is operated at a space time

yield greater than 3.0 lbs/hr-gal (0.360 kg/hr-1).

83.  The process of claim 82 wherein the reactor is operated at a space time

yield greater than 3.3 lbs/hr-gal (0.395 kg/hr-1).

84.  The process of claim 83 further comprising discharging from the first flash
polymer solids to a second flash through a seal chamber of sufficient
dimension such as to maintain a volume of polymer solids/slurry in the

seal chamber sufficient to maintain a pressure seal.



72. The process of claim68 wherein the dil uent

conprises at | east one perfluorocarbon. 73. The
weeweoe®7df claim7 1 or 72, wherein the dil uemtT/US2005/021717

further conprises at |east 8ne C to C8 al kane,

preferably at |east one C1 to C20 al kane, or nore

preferably at |east aone Cl | kane.

pr%cessﬂﬁf PEQCESSO6 14k i WEIF’F?SI dng &Qm%%?@EZ?IiQS in the
m Xt Ur & BkaaliBRShin Q16 iRALKAA! S drdiislipGAIRON and at

| east orinate ydrocar bon wherein the m xture
has a denS|ty in the range of fromO0.2 g/cc |less than

to 0.2 g/cc great t.ha f the y e :
7580 Thel iy BEXES fé‘f“&fﬁ% %\R}? 24‘ Yo R?tr%?‘e Ids Jo the
density, dl?nérli‘zean()ﬁ@&?ryqﬁtﬁerr‘éﬂét& i} gBda the@sen. t han to 0 1
g/cc greater than the density of the polymer.76. The

process of claim 75 V\,her ein the m xture has a density
he e of fro to. 5 BHEC
gr%ﬂ}at erﬂ[ﬂ %ﬁocteﬁs og 1|n} ?&ht%ﬁ élll S%? Jcﬁfﬂﬂe 71%196‘43& 50%dS Gin the

pr OCGSSch{ImQﬂ@a*uﬂhZﬁln\M”iﬁM@d ﬂ&aétbxels@t@msﬂsanlm carried out
in aloop reactor or a stirred tank reactor. 78. The

process of claim 77 further conprising continuously

di ¢ har’glllen?ro qu{ftclla?% %3;%&191%1}13{11% _[fpeﬁt %{tsg?gtso?%af&la&tﬁm about

as pol yner ¥on e of claim
78 furt herpsto(@e6 ik®rntp fboas Bl hpsis (A 7RdPghreri zat i on
effluent in a first flash to vaporize from about 50%
to about 100% of the liquid mediumto produce

cogeent yal glq)cgéy é(fnaﬁm? g \Jv'l?é%mQHQ YARRrb@8holyrAeH Effluent and

80." The process of claim 79 further conprising
condensvapgrizékliyapere witinovely sepaeted. first flash

wi t hout conpression. 81. The process of claim 80
further conprising operating the reactor at a space

90.  The process of claim 89 wherein the concentrated polymer effluent slurry

is flashed in a second flash to vaporize liquid.

91. The process of claim 90 wherein the vapor from the first flash is

condensed by heat exchange.

92.  The process of claim 77 wherein the polymerization slurry is circulated
within the loop reactor by multiple pumps and wherein the reactor volume

is greater than 20,000 gallons (75.7 kiloliters).

93.  The process of claim 91 further comprising heating the polymerization

effluent.

94.  The process of claim 93 wherein the polymerization effluent is heated to a

temperature below the fusion temperature of the polymer.



time yield greater than 2.6 | bs/hr-gal (0.316
kg/ hr-1). 82. The process of claim8 1 wherein the

wOo e@meva971 s operated at a space tinme yield greetBUSI00HR1717
3.0 I bs/hr-gal (0.360 kg/hr41). 83. The process of
claim 82 wherein the reactor is operated at a space
time yield reat t ha | bs/ .hr-gal. (0..395 .
kg%hryllj he pipcespral b‘ﬁg’& é‘ngFreB} &?%ﬂ%@’“ﬁ{;r"f ﬁ“&?t supplied to the
conpr i Sﬂo‘?ﬁngﬁz%ﬁbﬁ‘r Gt fig ‘afnléatéﬁ e(ﬁﬂa‘l b tﬁitta%hmﬂ@ yfBeat which

solids ‘to a second flash through a seal nber of

suffici &qmlls dhenieras Df)mpguzﬁlcm@fttbe Tauid meddinna whigh igso be flashed
pol yner, % §é Lurry in the seal chanber sufficient

to mai PGS f#¥ssure seal . 85. The process of claim

84 wherein the volunme percent solids in t he

pol ynmeri zation slurry in the reactor greater tha%
506.86. Tmoms@@églgmps bar<in 55 nkeRes ligH @ epAIRgd trom the

percent ;. tﬁ I i.zation slurry in the
reactor g% er111 ﬁg%%,ﬁﬁﬁg§ The process of claim
86 mhereln the vol une percent solids in the

poI merization slurry in the re cto eater th
@788, Thenarosessceisdaist 96| wherpigst mﬁséﬁlﬂ’wgﬁ%n 5 pagied out at

flash [ d40 psia (965 kPa) to
about 3%§$%§%§£?g?3§‘igag?ngnghe process of claim85
wherein the concentrated polymer effluent and
vaporized |liquid are cantihuous|y

iparated .90. The tat
prtessTl pracaisnefgdaifh gﬁe‘i"herf’lﬁeth&d’r? ERETFZNY 156 out at a
ef fl ue f dsBhaesecond flash to
vapori2%E$+%ﬁ§%ﬁ&gifb$ﬁggg?é;esg of claim90 wherein

the vapor fromthe first flash is condensed by heat
exchange., 92. Th L 0Gess

po?%/rrerﬂ%f‘ai’lioﬁ??s G i ‘Efle]rnctﬁ? B?Ié(glewcg\eﬂﬁﬁlﬁm}%dl uleﬁt has a [1Tm

react or 1 bymaphbi@l e punps and wherein the reactor
vol une

100. A process for producing polymer comprising polymerizing ethylene and
optionally one or more comonomers in the presence of a supported
Ziegler-Natta catalyst system and a diluent to form a slurry of polymer

solids, wherein the diluent comprises a fluorinated hydrocarbon.

101. The process of claim 100 wherein the diluent further comprises at least one
saturated hydrocarbon to form a mixture of at least one saturated
hydrocarbon and at least one fluorinated hydrocarbon wherein the
fluorinated hydrocarbon comprises greater than 5 weight percent of the

mixture.

102. The process of claim 101 wherein the mixture has a density in the range of

from 0.20 g/cc less than to 0.20 g/cc greater than the density of the
polymer.



Is greater than 20,000 gallons (75.7 kiloliters). 93.

The process of claim9l1l further conprising heating the
weologrerdrzati on effluent. 94. The process of cP@El/ISDB5/021717

wherein the polynerization #ffluent is heated to a

tenperature bel ow the fusion tenperature of the

ol ymer. 95. The pr.oce of claim 94, wherein the.
ot | tiicgirortaa el Sapp T L nEiGH HE BOIER & in the range of
ef fluend hSo.8%5 J/&2%ks ediato st BaL guast ilan Bk d@ity of the

whi ch equal s the heat of vaporization of the liquid
medi umpdiyraér.is to be flashed in the first flash. 96.
The process of claim95 wherein the polymer solids are
separated fromthe diluent with a centrifuge

apRAr at Aproddds fof PRARERAS PO BAr comptiBing polynesrizing 10%6 by weight
pol ynmerization is carrred out at a tenperature of from
00C t 0 aboue dodae @d. optinealhr eceysmeie EMENRTIGE iiBs arejence

t he pol i zat | i rr t 655 rﬁF§If 1
fron11‘ﬁgﬁéﬁgﬁghﬁog%ﬁg&gg&hggfg#ﬁéﬁ%$§g§ss o?sc iﬂnpfyn%r
wher ei ngdliilg Widryiiehe dinémicompeisel 4 dlantindted hpdrQfarbbgseherein
than 100C. 100. A process for produgin

|
conpr | ShAGYBEN AR Py leaE iy bassd e dpie] SR of siiwisge and

nore co $ in the presence of a supported
Zi egl er{%g?q{tgg‘{ec'at al yst systemand a diluent to forma

slurry of polyner solids, wherein the diluent

conprises a fluorinated hydrocarbon..101l. The.pro
of 1} aj HheL 0tPciffe PEC “flhled%i"?’}ﬁ?éﬂ? ‘?‘Erqlﬁf‘SP" S%IH’B?%Seage%?“ one
| east opeS@AidtbAkssh hydrocarbon to forma m xture of

at | east” one saturated hydrocarbon and at | east one
fluorinated hydrocarbon wherein the fluorinated

P %ﬂ&o Ca’jfgé) Bro%gs%por .cﬁa%rshs glr(ﬁac}relr()Stme@eig HE ndBknRE ﬁ?d}gca%on is
represented by the formula: CH,F, wherein x is an integer from 1 to 40,

and y and z are integers of at least one.

107. The process of claim 106 wherein y and z are integers equal to or greater

than 1.

108. The process of claim 107 wherein x is an integer in the range of from 1 to

10.

109. The process of claim 106 wherein the fluorine containing hydrocarbon is
selected from one or more of the group consisting of: 1,1,1,3,3,3-
hexafluoropropane, 1,1,1,2-tetrafluoroethane, 1,1,1,3,3-
Pentafluoropropane, 1,1,1,3,3-Pentafluorobutane, octaﬂuorocyclobutane,'

and 2,3-dihydrodecafluoropentaine.

110. The process of any claims 104 to 109, wherein the diluent comprises at

least one perfluorocarbon.



m xture. 102. The process of claim 101 wherein the
m xture has a density in the range of from0.20 g/cc
wo e®s/00492n to 0.20 g/ cc greater than the densipgr/os200$1621717
pol ymer. 103. The process of76cl ai m 101 wherein the
m xture has a density in the range of from0.05 g/cc
|l ess than to 0.05 g/cc greater than the density of the
pol ymer. 104. A process for producing polyner
Coic‘jiﬂt' STHY ngéew%rf' £y g1a78%0 1M WRIIa0! veHerdTRI e €8il)Ene MRrther
and option y one or nore conmononers in the presence
of a Zi eghmiseNat teastomedlyiotCopdanem piaterablyiat leasitonedCr to Cao

: . . .
compr 1 saeit. by Bor RaERr arbEeOnE CHBKBR, Lo ™™

wei ght percent ethylene is based on the total weight
of ethyl ene and conononer. 105. The process of claim .
10M12. whEhe processeofdimsuelatms b iq 445 wherpadie @lysnt comprises a

hydr of | P0% rfba(?n astlgl?e S -{lﬂ tefl 81%%§rb‘3f1 aﬁh%‘t stk Borinated
e #? e y

105 whereint uorina rocarbon 1s represented

{Jy t48€ Iﬁﬁigmdr@dnd@héﬁﬁztwmjmir hés iasdeasity it @gerange ofnfiom 0.2
0 , and_ y and z are integers of at |e one. 107.

The pr o#/6giespthag i, gi%’fﬁﬁ%rt@%&? dgﬂﬁtyz&ifn%p&Wber s

equal to or greater than | . 108. The process of claim

107 wherein x is an integer in the range of from1l to

10113109Thd pevcpssoafedsinoi 12; | velieneit 0be vileengicamphisesf ¢ goxtupreof at

f ggt Slr 2{93&62%2%2&%? % gfflrlo% ’%%l} %ﬁ% ’%g ’le%_gto&]woﬁgor%{ate%fdrggarbon

Te)](_ag_l g@%&@ﬁpﬁ@ﬂﬁxm}e Hasle dnbief nathé kRl Midfe0.1 g/ce less than to
0 g/cc greater than the density of the polymer.

114. The process of claim 113, wherein the diluent comprises a mixture of at
least one saturated hydrocarbon and at least one fluorinated hydrocarbon
wherein the mixture has a density in.the range of from 0.05 g/cc less than

to 0.05 g/cc greater than the density of the polymer.

115. The process of any claims 104 to 114, wherein ethylene comprises 50

weight % or more of the total weight of ethylene and comonomer.

116. The process of claim 115 wherein ethylene comprises 75 weight % or

more of the total weight of ethylene and comonomer.

117. The process of claim 116 wherein ethylene comprises 85 weight % or

more of the total weight of ethylene and comonomer.

118. The process of claim 117 wherein ethylene comprises 90 weight % or

more of the total weight of ethylene and comonomer.
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fusion greater than or equal to 10 J/g.

125.  The process of claim 124 wherein the polymer has a heat of fusion greater
than or equal to 40 J/g.

126. The process of claim 125 wherein the polymer has a heat of fusion greater
than or equal to 70 J/g.

127. The process of claim 126 wherein the polymer has a heat of fusion greater
than or equal to 100 J/g.

128.  The process of claim 127 wherein the polymer has a heat of fusion greater
than or equal to 130 J/g.
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134. The process of any claims 104 to 133, wherein the one or more
comonomers contain olefinic unsaturation and are capable of insertion

polymerization.

135. The process of claim 134, wherein the one or more comonomers are
selected from linear, branched, or ring-containing olefins having up to 30

carbon atoms, and combinations thereof.

136. The process of claim 135, wherein the one or more comonomers selected

from linear or branched Cs to Cy alpha olefins.

137. The process of claim 136, wherein the one or more comonomers selected

from linear Cs to Cyg alpha olefins.

138.  The process of claim 134, wherein the one or more comonomers include at

least one polyene.
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system further comprises an alkylalumoxane activator.

144, The process of any claims 104 to 143, wherein the process is carried out in

a loop reactor.

145. The process of any claims 104 to 143, wherein the process is carried out in

a stirred tank reactor.

146. The process of any claims 104 to 145, wherein comprising continuously
discharging a portion of the slurry from the reactor as polymerization

effluent.

147. The process of claim 146, further comprising flashing the polymerization
effluent in a first flash to vaporize from about 50% to about 100% of the
liquid medium to produce concentrated polymer effluent and vaporized

liquid.
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from the first flash polymer solids to a second flash through a seal
chamber of sufficient dimension such as to maintain a volume of polymer

solids/slurry in the seal chamber sufficient to maintain a pressure seal.

153.  The process of claim 144 or 145, wherein the weight percent solids in the

polymerization slurry in the reactor is greater than 50.

154. The process of claim 153, wherein the weight percent solids in the

polymerization slurry in the reactor is greater than 60.

155. The process of claim 154, wherein the weight percent solids in the

polymerization slurry in the reactor is greater than 70.

156. The process of claim 147, wherein the first flash is operated at from about
140 psia to about 315 psia.

157. The process of any of claims 147 to 152, wherein the concentrated

polymer effluent and vaporized liquid are continuously separated.
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exchange. 160. The process of claim 144, wherein the
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163. The process of claim 162, wherein the quantity of heat supplied to the
polymerization effluent is at least equal to that quantity of heat which
equals the heat of vaporization of the liquid medium which is to be flashed

in the first flash.

164. The process of claim 146, wherein the polymer solids are separated from
the diluent with a centrifuge apparatus.

165. The process of claims 104 to 164, wherein the polymerization is carried

out at a temperature of from 0°C to about 200°C.

166. The process of claims 104 to 165, wherein the polymerization is carried

out at a pressure of from 1 to 100 atmospheres.

167. A process as claimed in claim 104, comprising reacting at least 70 weight

percent ethylene and optionally a comonomer in a medium containing
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171. The process of any of claims 167 to 170, wherein the weight percent solids

in the polymerization shury in the reactor is greater than 90.



