POLYMERI ZATI ON PROCESS CROSS REFERENCE TO RELATED

APPLI CATI ONS [0001] This application clains the
woeonsfioto4of Provi si onal Application No. 60/ 581pd21S2005/021647

filed June 21, 2004, the disklosure of whichis fully

i ncorporated herein by reference. FIELD OF THE

I NVENTI ON [ 0002] This invention relates to a slurry

pol ynmeri zati on process for nmaki ng a pol yner product.
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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,



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,

wa 2000280, 4, 794, 151, 5, 183, 866, 5, 207, 929, 5, POR/1RBB5/021647
5, 391, 656, 5, 455, 314, 5,565:275, 5,575,979, 5,597,892,
6, 204, 344, and 6, 239, 235, the disclosures of which are
fully |ncorporated here|n by reference [ 00051 Typica
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reactor wherein the pressure of the polynerization
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r oduc yrrer circuflated in
rechmique. tha sk beem/usmﬂ hpxﬂtqfnmns #hedl 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
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the m xture is flashed to a tow pressure such as about
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per fl uorooctane and thereafter the prepol ynerization

of000hy| ene EP 1 323 746 shows loading of biscyclopenfadienyl catalyst onto a
silica support in perfluorooctane and thereafter the prepolymerization of ethylene

at room temperature.

[0010] US 5,624,878 discloses the polymerization using "constrained

geometry metal complexes" of titanium and zirconium.

[0011] There are always needs for improved polymerization processes. In
particular, it would be advantageous in slurry polymerization processes using
chromium catalysts to provide expanded operating limits in terms of pressures and
temperatures and expanded product slates including lower density products than
previously made in such processes and the ability to increase comonomer

incorporation into a polymer chain at constant comonomer input rate. It would be



at roomtenperature. [0010] US 5, 624,878 discl oses the
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According to another enbodi nent of the invention, the
POy SEr According to another embodiment of the invention, the polymer

product has a melting temperature of greater than or equal to 75°C.

[0016] According to another embodiment of the invention, the polymer
product has a heat of fusion greater than or equal to 10 J/g.

[0017] According to another embodiment of the invention, the polymer
product has crystallinity derived from ethylene incorporation of greater than or

equal to 10%.

[0018] 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,



product has a heat of fusion greater than or equal to

10 J/g. [0017] According to another enbodi nent of the
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of the invention, the one or nore conobnoners contain
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pol yneri zi ng nonomer, preferably ethylene, and
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erl
the process of this invention can be made at particularly low densities with

minimal fouling of the reactor system, thus resulting in improved operation
efficiency, with low loss of heat transfer and extended run periods. Also, the
invention provides for the production of polymers not typically capable of being
produced in a given process thereby expanding the commercial grade slate from a

particular process.

[0023] According to another embodiment of the invention, ethylene
comprises 75 weight % or more of the total weight of ethylene and comonomer,
alternatively 85 weight % or more, alternatively 90 weight % or more,
alternatively 95 weight % or more. Under steady state operation, the amount of
ethylene in the feed in the overall feed to a reactor (i.e. consumed in the reaction
and excluding any recycle of monomer) can be considered equal to the weight

percent ethylene in the polymer product.



i nvention provides for the production of polyners not

typi cal ly capabl e of being produced in a given process
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particul ar process. [0023] Aﬁbording t o anot her
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pol ymer product has a heat of tusion greater than or
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apslymicAzARMADAReRhtildl§,ethei 08 or more comonomers are selected from
linear, branched, or ring-containing olefins having up to 30 carbon atoms, and
combinations thereof. Alternatively, the one or more comonomers selected from
linear or branched C; to C,p alpha olefins. Alternatively, the one or more
comonomers selected from linear C; to Cg alpha olefins. Alternatively, the one or
more comonomers include at least one polyene. Alternatively, the one or more
comonomers are selected from hydrocarbons, polar moieties, and mixtures
thereof. Examples of polar comonomers include, but are not limited to vinyl
acids, alcohols, esters, and the like. Preferred examples include
alkylmethacrylates, alkylacrylates, alkylmethacrylic acids and alkylacrylic acids.
Even more preferable examples of suitable monomers include vinyl acetate,
acrylic  acid, methacrylic  acid,  methacrylate, ethylmethacrylate,
methylmethacrylate, ethylacrylate and methylacrylate.
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[0029] Ot her nonomers useful. in the process of the
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and propylene is polymerized with at one additional comonomer, optionally one

of which may be a diene, to form a terpolymer.

[0032] 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
0.2 g/cc less than to 0.2 g/cc greater than the density of the polymer, alternatively
from 0.1 g/cc less than to 0.1 g/cc greater than the density of the polymer,
alternatively from 0.05 g/cc less than to 0.05 g/cc greater than the density of the

polymer.
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preferably from4 to 12 carb®n atons, and nost
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reactor or a stirred tank reactor. Wthdrawal of

pﬁJOXﬁE‘ r The polymer made by the process of this invention can be made at

particularly low densities with minimal fouling of the reactor system, thus
resulting in improved operation efficiency, with low loss of heat transfer and
extended run periods. Also, the invention provides for the production of polymers
not typically capable of being produced in a slurry process thereby expanding the

commercial grade slate from a particular process.

[0038] In addition to the production and recovery of polymer from the
process, the invention provides for higher recovery of hydrocarbons that are
recovered along with the polymer. Such hydrocarbons include non-polymerized
materials, for example liquids, diluents, solvents, and unreacted monomers. Many
of these non-polymerized materials are recovered at high efficiency and reused in

the polymerization process.



product fromthe reactor can be acconplished by
concentrating the solids for intermttent w thdrawal
wonodsyogamt i nuous wi t hdrawal of a portion of tReET/US2005/021647
slurry. [0036] Other enbodirénts of the invention are
defined by any two or nore of the above |imtations in
conbi nation. [0037] The polyner made by the process of
tﬂ's i nvention can be nmade at particularly | ow
e ftiomersa fouling of the reactor system
thus resulting in inproved operation efficiency, wth
I \umbpss of The drodesss Sdtribedd hexdie g beunsddein aag. type of
Al so, the invention provides for the production o{ .
pBPYPRELs PRlymerigpiasiapIogessap Fiferably. s mEOGsso iUt dolmesizing
S ryY. plr.oc r t c ( :
o P Gkl B 1o SR S o s RS ShorB AL .
t tuen@ionabae)t i on and recovery of polynmer fromthe
process, the invention provides for higher recovery of

hydr ocar bons_t.hat are recovered.along with th
pﬁﬁaﬁﬁrﬁr SuchPf dP’SB%%fénglcﬁﬂ&'@a%e E‘g mﬁo&%?i@eao carbon
NRbRLs! Sreforaf1Ph 1612 R8N latdihbd, @8d nfbré PRIM:Ebly 2000\EEHBon atoms.
and unreacted nononers. Many of these non-polynerized
nesefi] mlogomers inelude dinedt, dransherh ontyglisi elefiys; dingar bisgelpd or
in t.he, pol rizati n . .
DR R B S B Ay R R Syt
aglphi-yRe g bleBsaiiesr, bahyier dr2gtliopolpéesliitear branched or cyclic
Preferabe, t he frocess is to polynerizing ethylene
arlahe plefigha Peiticatafly rasferrail mengmeroinclyge ong aamare ﬁg pthylene,
- 1QNEL ¢ hy - 1S -
PROPIRES, uhere-, fERRRERTE ey e T Bkt 1 RRIBIS decene
pt e8-enahylypeRtene-1] odmmicme, acibosadend, Bpretrimahdslabéxeng, 5-
to. 8 carbon atops. Useful noners.include |linear, .
oK FBane. Hi8] TerbgisRs ey IEREAPTOBERE ROGOF e Rt arly
ab R i§ binfone ! difhePAIonPEARNANSHe BF noYSLd-fodbRERS tosroduce a
I Tnear branched or cyclic al pha-onega ol efi ns; [ i near,
bhemoprdsimer orcaedpolynpes! yenes; |inear branched or cyclic

[0041] 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
to 30 carbon atoms. Suitable aromatic-group-containing monomers comprise at
least one aromatic structure, preferably from one to three, more preferably a

phenyl, indenyl, fluorenyl, or naphthyl moiety.

[0042] The aromatic group-containing monomer further comprises at least
one polymerizable double bond such that after polymerization, the aromatic
structure will be pendant from the polymer backbone. The aromatic-group
containing monomer may further be substituted with one or more hydrocarbyl
groups including but not limited to C; to Cyo alkyl groups. Additionally two
adjacent substitutions may be joined to form a ring structure. Preferred aromatic-

group-containing monomers contain at least one aromatic structure appended to a



al pha olefins. Particularly preferred nononers include
one or nore of ethylene, propylene, butene-l1,

woenmiciner4d, 4-net hyl - pentene-1, hexene-1, oct eReTAIS2005/021647
decene- 1, 3-nethyl - pentene-1% norbornene,
nor bor nadi ene, 3,5,5-trinethyl-I-hexene, 5-
et hyl - 1- nonene, vinyl norbornene, ethylidene

nor bor nene nmononers. Particul arl referred is ;

SRy PERiEbleleRBIC TYisHe LAFIGA RIFETSH sFrpaic monomers include
C -

[ %fg%l%f, od(@{asme&lggﬁfr% ?Qraaaﬂaf?é'f?&ﬁés){ %{ylt‘élueﬁesg Qﬂgjlﬂégﬁfhﬁlene,

clic al ni ng nonoers 't hat can be use
t dlbyl preoezess aofl intiére, iesposially ostytiene | patemethyl styrene, 4-phenyl-1-
rgmat i c- groups.cont ai nign noners _cantaini ng up to 30.
g‘é‘?‘% aﬁfioﬁ]iﬁahat_lzﬁﬂﬁ alsgﬁﬁlf Fcn%%rlofnt?aﬁr gYfbeC %Fﬂu%i R
NRBAGRES préXefaBlyThdVe a PeabiConGolyh&oabRi §18Bnic rbupaibbieis either
aromati c- group-contai ni ng nononers conpri se at | east

opendantopmithe cyelicistruptare q3risfrarapf yhe epehoopfEudtyet hFlkg cyclic
re. preferabl | e , r
TR RS SR e BBl o BB

&y btktot futitdden, €T, 281 gioupeaBicfwred roakaromuiic afelie group
doubl e bond such that  after paol yner.i 'izlati on, the
APURHDING st FIPBPRIFE wi [NClude periBdisrelpheRnene BBWiAYEohexene,

b fb%gnem'-%&nmadigﬁ@iﬁwg%t
fgl{rh?ﬁlgr eéﬂs%ijbg{tltu{e{é% \%l{ot oﬁ%’or }?mo?)enhygr o’ca? yl e,
gewlighex e cycbgetr, vinyttdamampneghd the Gket o C10 al kyl
groups. Additionally two adjacent substitutions may be

j Qi to farma ri.n tructure. Preferr.ed .

afd&:%g i cgr pgbq%%%{]fhﬁ?eﬁﬁﬂo%ﬂgwgﬁlﬁ%tﬂgf Anvgptipn, fnglude any
ORRIrBEABEH stfuchirtUibléfHPOPRNUSEthdvingtn dbasRid ddatueated bonds,
olefinic nmoiety. Particularly preferred aromatic

mhoreny ot lesel bie oftthe ameaturaiedhbongs axg | 1sadibemeorporated into a
PBIRRL I LRRY FOERomeL Y d A iR oo O VAANNG. SRS further

Zene,” and I'ndéene, “especialty
pprefidrRidhyat Sthy r @idtefind nivhemyts- bbusedsveedarftbnal dlyha, omega-diene

R L ECTINR E
O MRSHA oy Y AP o T A o
cyiohisc Bxamyplesiof predigrral diondseintlude hotadienbspéntadiens, byxadiene,
oﬂeept%jergg,) ' eoctc%(ljgn%? arngXaltdie%re,o uagca Pe%g, undecadiene, dodecadiene,
tridecadiene, tetradecadiene, pentadecadiene, hexadecadiene, heptadecadiene,
octadecadiene, nonadecadiene, icosadiene, heneicosadiene, docosadiene,
tricosadiene, tetracosadiene, pentacosadiene, hexacosadiene, heptacosadiene,
octacosadiene, nonacosadiene, triacontadiene, particularly preferred dienes
include 1,6-heptadiene, 1,7-octadiene, 1,8-nonadiene, 1,9-decadiene, 1,10-
undecadiene, 1,11-dodecadiene, 1,12-tridecadiene, 1,13-tetradecadiene, and low
molecular weight polybutadienes (Mw less than 1000 g/mol). Preferred cyclic
dienes include cyclopentadiene, vinylnorbornene, norbornadiene, ethylidene
norbornene, divinylbenzene, dicyclopentadiene or higher ring containing diolefins

with or without substituents at various ring positions.



as, but not limted to, Cl1 to Cl10 al kyl groups.

Preferred non-aromatic cyclic group containing
wounnwmeys4i ncl ude vi nyl cycl ohexane, vi nyl cycl oRexaise005/021647

vi nyl nor bor nene, et hyl i dene -Hor bor nene,

cycl opent adi ene, cycl opentene, cycl ohexene,

cycl obut ene, vinyl adamantane and the |ike. [0043]

Preferred drolefnrnnnoners useful in thlﬁglnventlo

dde anylmy BredRrdaanbadiment; thegrogsss pE s yeption frlates to
chbfﬁ{éﬁﬂ 1@'{1 eéi‘l%éeﬁé"@ndjg QoY dE Cbgbﬁf‘@% 11¥1‘€h?r BiaflciMd or

aturate bonds are readily
| cmlcpnmmmﬂs i prieferablp aing nerrmbse €} o almsareoebwehﬂd‘ plpha-

- st er eospeci f at furth
oPlefer di % REtoRRGY reeard el e doatdonth Pipgses =
ajRftane QORBAOFLLAS/ AP ROAES $o Bicafbonitords, Ttk ARS F) carbon
More preferably, the diolefmnononers are |inear

datomisnyRarieiaimertbe comenomersfae atlegted Hioue theogronp fopgsting of
PRt ey Rl EBen RSt e 3, [ Bcerne-1 - and

hegt@di ,_&H@mo@?raféheﬂ @roupiiead IeRene- ﬂ,dﬁwiee]n&nd octene-l
undecadi ene odecadi ene, tri decadi ene,

Laﬂr‘iad:ggg: gﬂgno eé%pélgat decagrlgg%tﬁy]ﬁ exad Cadl 7 ew1th at least two
| aoRadh %Bfé'ron&'i@ﬁ' oORAAI £ ol%ﬁpsﬂbeﬂigfer&ﬂ'c%ﬁﬁﬁgmgﬁeare a

t et racosadi ene pentacosad ehe, hexacosadi ene,
h eprhbinated iof redphasclefic ovauinaere, havaméogadioembon atoms, more

" e Ao oo & ot oty Wb GR eCEe HOROHEE The
1pRrdegaeipeRferd inkfrde W&ﬁﬂﬁhﬁﬁﬁs sﬂclﬂaﬂs-éﬂl@ﬁeﬁeﬁilmteﬂbel/hexene-

1, 12-tri decadi ene, 1, 13-tetradecadi ene, and | ow
mbi @bﬂbm/pmylgm/bmn«;rbu@tbﬂp@frrnr@pyw/h@se@eﬂh sthyenepropylene/

r rr cyclic dienes include
c?gﬁg 5%?a%g§ﬁe&%vrnylnorbornene nor bor nadi ene,
et hyl i dene nor bornene, divinyl benzene,
d{eo4e) opent ada prefertsd dmigiémentt] ethylena tsqireriengincthe) pelyner at 50

wth or withou substrtu nt srrn

ble Pasoeds oinle S Fiose BREGHERY 20 (6 S B8 B S mOfErRueferably 80 o
p 0/0f V, %
850 A ) B M i
| tan8@umold /g rhabeeldupen thy oidles 0fmibmen@per|s pagsentamigre @rfe”e@bly 2

m’t)o gOncl%l 2), r%%%erl)rlePeraﬁ)lygtOB ik e d al phaol ef i ns.

[0047] According to another embodiment of the invention, ethylene
comprises 50 weight % or more of the total weight of ethylene and comonomer,
alternatively 75 weight % or more of the total weight of ethylene and comonomer,
alternatively 85 weight % or more of the total weight of ethylene and comonomer,
alternatively 90 weight % or more of the total weight of ethylene and comonomer,
alternatively 95 weight % or more of the total weight of ethylene and comonomer.
Under steady state operation, the amount of ethylene in the feed in the overall feed
to a reactor (i.e. consumed in the reaction and excluding any recycle of monomer)

can be considered equal to the weight percent ethylene in the polymer product.



hi a particularly preferred enbodi nent, the conononer

conprises at | east one conononer having from3 to 8
woantsmaoatons, preferably 4 to 7 carbon atons. PCT/US2005/021647

Particularly, the conononer3%are sel ected fromthe

group consi sting of propyl ene, butene-1,

4- met hyl - pent ene- 1|, 3-net hyl - pentene-1, hexene-1 and

octene-1, the mpst preferred. gr.oup bei .hexene- 1 .
40045le_ 1" anhecordian a8 ERofist eaPotmE o BF BrBHiEAsfyione s
?tg n&ﬁ%di SviftCl B b Z®EraM dobhodbmlef2 Stvhtremh dhéf 85i€Ndr more

oners to forma terpolyner. The preferred ) )
cormmonerss @nim olefibicn amisatragipn alaptaars efapablap 96 ninsertion

hayi ng.4 .to 10 carbo ons, nore prefer

VBt AUFRORG (0 Bt 67 SeSte CREITRARIp (KRofld from
NRRe Branched, & ShetsRsiningr plefivading gl tod¥0 tidon atoms, and
conbi nations such as et hg}l ene/ but ene- 1/ hexene- 1

etomyinationp thapsdfe fdtasativaly, the one or more comonomers selected from

t hyl ene/ pr | en X -1 I ) | ane

P FRSHBAIR COT R Sy, AIELBERTY Betoe o o
edehioRi sel@tddyr@néines (yrte<&niiphanolefiues. poltgrnaivedst, thxOone or
mole %to 99.9 nple % nore preferably 7 tlo%gmale
oOYRpFAINgROBTEY Hislude g lgast gae piveney, Ré%}éla yely fhg oné ot more
C e | | i | &ni
t%ﬁg@%ﬁ% S%/S as[?fecfég A h{yﬁchQI%oHQ, YOBF Rbiefles] &Ml @ni%pures

ased upon the noles of all nononers .
phemefit Exmompéespofepalnabdmoromaers 3aclndd, duygarermpot limited to vinyl

Iy 5 to 20 nole % [Q047 di Lk
Tt St S, T3, Yo SGRE) SAAMO B
VRl A e tACR1atBD 8y crylbRs ! Ak FAmetRicec RidsedrdydlRyiacstic acids.

conbnoner,” al ternatively 75 weight % or npre of the
tBre mwee ghefersbleeexgmplag cinenitebleomenemersainciidgayinyle pgetate,

85 i ght % or e of the t al [ f e ?eﬂfa

a JyV\fgcormr?S r, Ig%l ANt veﬁci/(f’)% I\f\%@éﬁ?{a&g or ﬁgfyﬁel 0 crylate,
t fethyhéthactlaghttholacsidly hehmethythepdaononer ,

alternatively 95 weight % or nore of the total weight

of ethyl ene_and conononer. der, steady state. -
ol9ASE ] o, IAEOHiR GRPOBISBEGS BRfEerPIORCHdistin foppdses:
overall feed to a reactor (i.e. consymed in

. the
reaction anethzleas nepeny ahfgmr4ddpdi08 megle %@B‘ﬂ%‘iaply 50to 90

mole %, more preferably 60 to 80 mole %, and

a second olefin monomer present at from 5 to 60 mole %,
preferably 10 to 40 mole %, more preferably 20 to 40 mole %, and
optionally

a third olefin monomer present at from 0 to 10 mole%, more
preferably from 0.5 to 5 mole%, more preferably 1 to 3 mole %.

Diluent

[0050] The diluents used in this invention are beneficial in producing
highly useful polymer products. Use of the diluents can also provide polymer
processes having reduced fouling, higher overall efficiencies and/or reduced
environmental emissions. The diluents of the invention are preferably

compositions added to the reaction process that reduce the concentration of one or



can be considered equal to the weight percent ethylene

in the polynmer product.[0048] According to another
wenhwdoyamt of the invention, ethylene is polyReriusems/ 021647

with one or nore comonomers;3wherein the one or nore

conmononers contain olefinic unsaturation and are

capabl e of insertion polynerization. Alternativel y

the one or nore conononers ar ,sel cted fro [

% mg]beffect

pmarecariiye neptetialy i theMregest iy the dsfeRdg
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e one mor € conononers sel ec fromlinear or

bpraferdbdyl G2 Wddu&ROisah dtvéogﬂneﬁwmslmn@, trepsiapieferably flinginated

one or nore conononer.s s d | i near o C .
ahYSHEaC Ak CREPORp Mé{f?@éﬁ@y Bavink ke §f ThoeFent Bover with

CRERROTEtfie I JiHHEL pRidudte aThe O riRAladeRRirocarbons may be used

Al t'ernatively,” the one or nore conononers are sel ected

f ndividnpdly oc as nnmrespmdaaanrb@umlu@@ ingy@ixfpeiwitteron-fluorinated
t ol ar conononers include, but are
nﬂ’f({r?(fam?ngﬁﬁ{nég s\}fﬂwrecgm ds, alcohols, esters, and the

i ke. Preferred exanples i ncl ude al kyI nmet hacryl at es,
ajdogipcr yl anesordigk ytbneiil a@mwalntmn acflwtsinated hydrocarbons are

al kyI acrylic aci ds Even rm f bl
siiterghng Wﬁn dﬁ%l“@ i el wde W ‘{og%‘g‘%%née cgr)é ?@péf%ﬁ%&@rbon
rﬁ@tﬁfxnxé isd ’Tﬁg%ﬂﬁ)yﬁﬂ&sq{aﬁ/e 2By SRt @sdnydtehind at least

thacry ate 'acryl ate and net hyl acryl at e.
[ 61t Fuohine aatotrher Therbfbwtirinetet!, hydrecaboy nean peodl ul@@ﬂuormated

nBrEogiba Br LRttt B RHERCe, Sty Ot Sepgore

tﬁycﬁQ éﬁoﬁt%mg@,) %Qq)eﬁhﬁ)%ﬁ%d HtRIchibof a8 @ ior¢dadisfnin \ﬁlﬁlch the
rom nole % preferably 10 to 40 nole % nore

phﬁf%@b \djrectty m&aat@dmm theyarherl aipr(sdrial CFO}npietp]y replaced by
erLn at

o Boe o PP & e Bl iRl Fh ok iep [P B, van
TTNloﬁtre%d REAHHRI) 11997, Examples of preferred perﬂuorocarbons include linear

branched or cyclic, C; to Cyo perfluoroalkanes.

[0052] In one embodiment, the fluorinated hydrocarbons are represented

by the formula:

CiHyF, (X1)
wherein x is an integer from 1 to 40, alternatively from 1 to 30, alternatively from
1 to 20, alternatively from 1 to 10, alternatively from 1 to 6, alternatively from 2
to 20 alternatively from 3 to 10, alternatively from 3 to 6, most preferably from 1
to 3, wherein y is greater than or equal to 0 and z is an integer and at least one,
more preferably, y and z are integers and at least one. In a preferred embodiment,

7 18 2 or more.

[0053] In one embodiment, a mixture of fluorinated hydrocarbons are used
as the diluent in the process of the invention, preferably a mixture of a
perfluorinated hydrocarbon and a fluorinated hydrocarbon, and more preferably a

mixture of a fluorinated hydrocarbon. In yet another embodiment, the fluorinated



[0050] The diluents used in this invention are
beneficial in producing highly useful polyner

wonrowwots4 Use of the diluents can al so provi deCpaiSyws021647
processes havi ng reduced foufing, higher overal
efficiencies and/or reduced environnental em ssions.
The diluents of the invention are preferably
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LS RLRE 2u8hRbEYEudid e desired and benefi ci al
e@\f‘o.ect. Elrsygﬁotgr ggﬁy, ?ﬁue}{ di luent is a hydrocarbon
having little to no solvent power. More preferably,
t[0654]i | uentNomslimitiag oggevnpdemntefi iusginateds thygrasedoad| jnclude

fluorinated hydrocarbon, conpgund pre i
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PRYHBEHRAS AU OLdi bR eftlabi@)r i1 at-adflidyshta@t bhn2-thiflyotethane;

used individually or as m xtures, and_can bhe incl ude

B T4, Ao lnasooiiie nbi hHRGINIOEUSRG 1 dehP BRI gSR ane;

if desired. [ .ai NG LSa Y ON: | . 13-

¢ AR R R Slont AL A, P ithlRpdRorkel Y A A hppropanc 1.

t&ﬂa&robjp@ad ;| uogs;;zalliﬂ#msmopaﬂeydr ofl | I btrofbier tymmpane; 1,1,2-
onpounds or HFCs. The conpounds h at. | east

c FPPEORSAFand lak,3idHUQroRyRRane; or ﬁzg'tg&]&ﬂ’fof’ﬁ??@?lg;e 1,2,3-

f (o hydrps: a r ' . -

AP R R AR R RO s 1,122

omr'fafm&bpmpanﬁé I ﬁ d 3, 1 ;ﬂr,lbtagraﬂumoprdwm; oge, lat. drigteafluoppropane;

perfl uorinate rocar is~a fluprocarbon in whj

AR Eat e L R LS

'Cgexﬁﬁ[ﬂblr(gfrg dhel qm,@%,eﬂ[t)éﬂaﬂdow%@e; $ee2, biawhedyaflusropropane;
C [

ndense em cal i onary, rteenth Edition, Van
Nbd 12 hhgemefhootopans 7. BxhhdiZeshoriyewpmnaeg  1,1,1,2,3.3-

per f l.uor acar bons i ncl AN r or l4i
t ﬁe’%ﬁlﬁmﬁg}:%aﬂ%r oal ka%ggﬁ’t’aﬁg%af&ﬁ?@%%%gﬁbodi(:)r/rgr}lt’lc’l’fz‘r%g’&

ket gt Supware s b i 2
t Buabiant:n et HeTpUPEm -5 ST PU e net ASF PB4
difluorobutane; 2,2-difluorobutane; 2,3-difluorobutane; 1,1,1-trifluorobutane;
1,1,2-trifluorobutane; 1,1,3-trifluorobutane;  1,1,4-trifluorobutane;  1,2,2-
trifluorobutane; 1,2,3-trifluorobutane; 1,3,3-trifluorobutane; 2,2,3-trifluorobutane;
1,1,1,2-tetrafluorobutane;  1,1,1,3-tetrafluorobutane;  1,1,1,4-tetrafluorobutane;
1,1,2,2-tetrafluorobutane;  1,1,2,3-tetrafluorobutane; 1,1,2,4-tetrafluorobutane;
1,1,3,3-tetrafluorobutane;  1,1,3,4-tetrafluorobutane;  1,1,4,4-tetrafluorobutane;
1,2,2,3-tetrafluorobutane;  1,2,2,4-tetrafluorobutane;  1,2,3,3-tetrafluorobutane;
1,2,3,4-tetrafluorobutane; 2,2,3,3-tetrafluorobutane; 1,1,1,2,2-pentafluorobutane;
1,1,1,2,3-pentafluorobutane; 1,1,1,2,4-pentafluorobutane; 1,1,1,3,3-
pentafluorobutane;  1,1,1,3,4-pentafluorobutane; 1,1,1,4,4-pentafluorobutane;
1,1,2,2,3-pentafluorobutane; 1,1,2,2,4-pentafluorobutane; 1,1,2,3,3-
pentafluorobutane;  1,1,2,4,4-pentafluorobutane; 1,1,3,3,4-pentafluorobutane;
1,2,2,3,3-pentafluorobutane; 1,2,2,3,4-pentafluorobutane; 1,1,1,2,2,3-

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



1to 20, alternatively from1l to 10, alternatively

froml to 6, alternatively from2 to 20 alternatively
wonaw8s4e 10, alternatively from3 to 6, npst PCT/US2005/021647

preferably from1 to 3, whererny is greater than or

equal to 0 and z is an integer and at |east one, nDre

preferably, y and z are integers and at |east one.
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1dﬂﬂularo°-211ﬁéth ?fo&é@ﬁeﬁpf P,ﬂalnﬁlﬂuoro 2-methy1propane 1,1,3-trifluoro-2-
1, 3tetra|uororo ane;

t meﬂwﬂpmpmpr oé;érsbﬂuqmﬁ @@r@@@tllaf)p@amﬁpr opelnb3-tetrafluoro-2-
3.3-tetrafl uor
h?’tlyl%r patle; ot | uo’rlé)."g% geg%ﬁgoro =2 Eneihylpropane 1,1,3-trifluoro-2-
2ﬂt?or?1?ﬁ€ﬂ1§f)bmpﬁwr opang;1,313 j;eﬂtaﬂﬁ’orB-Z-methylpropane 1,1,3,3-
1?32;a%1ugrl££ g@;&aﬁg@@ )élﬁ%’é‘%fa n]el ?f 3E)t%‘pr£1ﬁ‘uorg 93 8'1[1)15) metﬁyl)propane;
x%fcﬁ o [omREE: af llliocﬁﬁ%l%@?ﬂ@outiwl 1; 3.dldorocyclobutane;  1,3-

uoropropane; 1,1,1,2,3, hexaf | uor opr opane;
1dilﬂvZ);ch:pr)bﬁtandze]xh,ﬂhuﬂuczrpc}aﬂdwéanel1,11 Hriflereye butane 1,2,3-

hept af | uo ane; 3.3-hept.af | uor opr opan

1t£ﬁ%?%h%§ > 2- fl UO}’ég‘zﬂ% gef?@ﬂwfof?‘agwtﬁrberobut aneel’1’3 3-

1¢e%fa@1h5fdé9&18ﬁ&th?éje 1, 3;1491 5 BuyrhebubaRgcloButdne; 1,1,2,3,3-
pentafluorocyclobutane; 1,1,2,2,3,3-hexafluorocyclobutane; 1,1,2,2,3 4-

hexafluorocyclobutane; 1,1,2,3,3,4-hexafluorocyclobutane; 1,1,2,2,3,3,4-
heptafluorocyclobutane. In addition to those fluorinated hydrocarbons described
herein, those fluorinated hydrocarbons described in Raymond Will, et. al., CEH
Marketing Report, Fluorocarbons, Pages 1- 133, by the Chemical Economics
Handbook-SRI International, April 2001, which is fully incorporated herein by
reference, are included. In another embodiment, the fluorocarbon is not a

perfluorinated C,4 to Cyo alkane.

[0055] In another embodiment, the commercially available fluorinated

hydrocarbons useful in the process of the invention include HFC-236fa having the



di fl uor obut ane; 2, 2-difl uorobut ane;
2,3-di fluorobutane; 1,1,1-trifl uorobutane;

wo 20062009%4# f | uor obut ane; 1, 1, 3 tr| f | uor obut ane; PCT/US2005/021647
1,1,4-trifl uorobutane; 1, 2, oL ‘trlfluorobutane
1,2, 3-trifluorobutane; 1,3,3-trifluorobutane;
223trif|uorobutane 111 2tetraf|uorobutane

1,1,1 ,3-tetraf
Qfle(rgfarl alilqngﬁj:lglb{]?,g e)ia og)pﬁéga@f:,r Ié‘ﬁ%%‘%ﬁ'bh%vé% the chemical
ma’me’- 1% 1 @ttét?%qquHeﬁ%HE aHFC-ZhS%a %a\ﬂ'f_l% eld @dniiedl ahveane;1,3,3-

tetr uorobutane; 1,1, 3, et raf | uor obut ane;
1pq1,taﬂwmm‘bpafel ubiFCh3aSamis; Naving, thet echenti¢alomainet ahé;l.3,3-

1 4-tetraf ut.an 2.3.3- tetr

it RSloRtiah e dfidn ik (Mt R-ANGe, and

1Hi?C143 ?Olﬁeepﬁﬁ\hﬁ% |t1‘1’6361@$1?1lﬁbﬂrhﬁame1 2.B-dihydrodecafluoropentane and/or
fent afl uorobutane; 1,1,1 , 2, 4-pentafl uor obut ane;

1HfC1 S@Snyic, Peof thesensy @}mmgrﬁ:@ lypvglla_igle fluorinated hydrocarbons.

, 3, 4- pentafluorobutane 1,1,1 , 4, 4- pent af | uor obut ane;
1 2,3-p he 11 b t a perfluorinated C4
1[0%5? > 4 pg%ﬁ: *éd%lr&%ggt ang the figorgegbon is not a perfluorinate
p’e:nC ho Ia]kanenb it anetherlembdlivhedt; ﬂmﬂmdrbcmbmbwt rotey perfluorinated

pent af | uor o ane, 1,2 2 3 . .
@Ychemﬂacrr} udh 8B arn@ng%fn@elzt e ﬁ“%"é’ﬁ%@?’? b PELRe IHerodecalin,
pérﬂﬁo%h%pt%ne Iiv%i‘ﬂ%foh‘élﬁkﬂwb@ﬂﬁloromethylcyclohexane perfluorooctane,

Rexaf | uorobutane; 1,1,1
Q@rﬂuetdahﬁahmgthwb‘wbhmni 1, nerﬂgot@nqnam@x af fiyerobeugeape; or
4 4-h af ane;
sbstppisfoi aot. o bRHSREhG Wewhed: dnbadiudin, the fuopogubon
éorfklsﬂsme&ﬂfally@fﬁ ﬂﬁ&oceﬂrbdnsZ 2, 3, 3- hexaf | uorobut ane;
1 1, 2, 2, 3, 4- hexaf | uor obut ane; 1, 1 2,2,4, 4-
hexafluorobutane 1,1,2,.3 , 3, 4- hexafluorobutane

1[0053] 3 . 4, In arother qg@qo@gg@tgﬁge fluorocarbon is present at more than 1
1%}%@31& %3 %ﬁsdedhlgéflglgelr"\g% gMﬁH@ﬂuc]roéarﬂ)on and Ly hydrocarbon solvent

ert tane; 1,1,1 ,2,2
hpresaft lin Greadsadtam egreferablyl gizater thans- W@ghh%l praferbbiy sgnester than

%5 %V%g1§° ’gféé}qbig%%f l %&b\yu%aﬁte%iprefaléy B than 10 weight
h%tﬁgf’ei’%‘lz\?%%@a@é}echarﬂ- 13 veighi ‘%B‘bréfeﬁtﬁ@t §1fe|até@ UL @RBsight %,

- oct af | bor obut ane; "1,
, preferably, greatet dhini@5oweighhds, preferablyy g@ates tham .30 weight %,

O ALLHG" BRLEGin 35yt v sSSP Rt v
, freferablfabicdrf ahat d0eiveibhi %, %ré&‘er%bly‘l gfb.at‘br than 55 weight %,

nonaf | uor obut ane; | -fluoro- 2" et hyl pr opa
| preferblyyevestep-than (90| peigbhte; prefetab y greater "than 70 weight %,

preferably greater than 80 weight %, preferably greater than 90 weight %. In

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



di fl uoro- 2- met hyl propane; 1,1,1

-trifluoro-2-nethyl propane; 1,1,3-trifluoro-2-
waorbtdsyopuopane; 1, 3-di fl uoro-2-(fl uoronet hyl ) ppopaIseqos/021647

1,1, 1, 3-tetrafl uoro- 2~ net hyl’pr opane;

1,1, 3,3-tetraf | uor o- 2- net hyl propane;

1,1,3-trifluoro-2- (fluoronethyl)propane 1,1,1

3, 3- pent af | uor.o- 2- et hy p op

teferabily, Fteater. fhany P oweik /9 p?rsfe%?éff éfeiterl than 55 weight %,

}Ftefe?a{lﬂ f%rb'zgéro tigin( b U\%lgﬁ‘pwyﬁr)eﬂﬁﬂﬂ?r@eater than 70 weight %,

uor oc ut ane; | uor ocycl obut ane;
1p1ﬂfedah°ly gmamymmwmht % pe:ferdblly| aretercthen 8 veeighs %. In the

1ev13n thﬁ V{Jpggr,}g gilf; gsgttlﬁtglﬁ@ed {orzth% weight % fluorocarbon, it shall be

t ﬁﬂeédxﬁ'&f RONECH ALY uBHE theltofal el OF tied flugrboayedsy hvnamers and
, 3,3- tetrafluorocycl obut ane;

1hmrqcazb®q@évm@ﬁprgwnb@yb¢ BBgoRne: 1,1, 2, 3, 3-
pent af | uorocycl obutane; 1,1,2,2,3

. Ogﬁx af | uofnoc)%étg@rm éﬂﬁédi&xeﬂt’ 2th%’ 3ﬂuo‘l‘bcarbon, preferably the
heXafl uor ocycl obut ane;

1hyldr@flgordcadbdie Xiafgresenv aty alood thaank volun’le; %,2b8Be® upon the total
heptafluo o cl obytane. h addi t,

hrathss t t in
fv%mie SRS D BIRSOHES ALY BUesD0n frlygnt presen
hlé%z}cﬁﬁ't %gef@égf}pé@ﬁ@@ﬁ‘ﬁn d83ahded ptdferRoy BB Mbhd 5 volume

Mark@ting Report, FlGorocarbons, Pages 1-
1%3 préfgrabhe gatari thai 7Eob1n@n%c-: sprefawbbo@ReaERl than 10" volume %,

B B0k 1L o A gt

Cﬁ?&& Ngreatbh ghdnl DO RE@NO N, preferablyagieatef |t1t1!emr BOatotaine %,
to Cl10 alkane 0055] In ‘anot her enbodi nent,

cbrefieselolly agregtern van E)I‘@hlm@o’fu Beaferablyy greaieh Tk 40 u‘é"Z‘PHF %,
0 e%&&l?%%ﬁ&s 0l UBS/dITHEE! Brebidly|datdF P8 Avolume %,

ﬂef&alﬁySgréateh ahaf ISlSMIQpTeO%ar;ﬁefewé@' Igdaerh thanngO ttodume %,
Eem cal nane 1,1 1(ﬁ tet0 afI uor oet hane, HFC- 245f a

haxﬁf% ly geagerdhanc s v %, 1,1, 3, 3-
pent af | uor opr opane, HFC—365nfc havi ng the chem ca

nﬁﬂ% jcl 1,1, 3 SanRBEt alhbQfiRbhtt ame. fitofBrdoaviieg af Neend of
en

name oct af | uorocycl obut ane, and HFC-43-1 Oree
hhydmﬂuoﬂmearbhe and glerfhenesarhos, ammpwf@a@vathqs bodiofaposprbon is

d/ FC- 365 | 1. of |
Z‘BEﬂSg‘gb F‘e PTG oﬁ{aﬂall :H ]ﬁ‘%r g@a?% ﬁ;ﬁp Fg%] "ija?}l Jf’;lénim%lﬁ opf the
e ﬂ?&@!ﬂﬁ&r&arbbﬁ Qnfl| g adsun presdhd t1n ahe egalctod qiviithathe dalance

belng made up by the perfluorocarbon), preferably greater than 3 volume %,

preferably greater than 5 volume %, preferably greater than 7 volume %,
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 %, preferably greater than 45 volume %,
preferably greater than 50 volume %, preferably greater than 55 volume %,
preferably greater than 60 volume %, preferably greater than 65 volume %.



to C O al kane. hi anot her enbodi nent, the fluorocarbon

is not a perfluorinated hydrocarbon. In another
wenhwdoysamt , the fl uorocarbon is not perfl uor oHETAIS205/021647

per f | uor ohept ane, perfl uor ofigxane,

per f1 uor onet hyl cycl ohexane, perfl uorooctane,

perfl uoro-1, 3- dinethylcyclohexane perfluorononane

quorobenzene erfgﬁorotolu

I
1Pl r ed distiape adifebr e aﬂ“é’é‘rﬁ]‘aéfﬁyrd%‘lfcér 636 of the
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viebgyhit thia 35asmd. upmhmdne praferghly gibateh ghah| 4bposbr bT@n&lﬂOﬂEler

and any hy o arbon re act
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gj%Oeeamer andamost Brefgrabjlytgreaterghast ik @otheﬁ spbodiment,

\S{EE%QPQ %%f%}!%@%%? 1%/ ho%‘;]tﬁgbn en{ng&ﬂﬁ xéQS i e?%&até? t)l;lan 90 am.u.,

%r@ﬁirﬁly far BRmV I ) evieh et dipdfyrablyegtater thaari38G.m.u.,
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H

Fﬁméf grosb |pyefglfablgyt ereaigiathan513fkjagRe- o I pAt qggaBWodlment the
[

SRl MBI e oy ! UM S e
ppnrgfega‘lﬂjb kg;&a@ll; elafcnleTSOt . Ofoveeprg feratly gtqat% mmmreao a.m.u., even
enbodi nent__t he uor ogcarbon is ese t.h 1
P nPreda e TG R B Eeb e e ey G B et 225
MPMe iy a@%&b@@ﬁ’n&y dho GRLARMRCS %f&%@ﬁrbﬁﬁﬁ&ﬁﬂfe ihferitid@ have a
réact'or, preferably greater than 3 wei ght %

RV dn gHelrgngprafzitaen 30 Bamustodksiog am %, ppeferblyapIthe gngapbfom

oF by 30b adhur s wrete gl e bured B ity 456 €3 300

0% 8AL.Chnd HRBt %@féﬁ@dlﬁhﬁ 106 ra@gefoemm ylb(grtel@()@rmtlh ao aBsut 250
wei ght 9% preferably greater than 30 wei ght %

pagferably greater than 35 weight % preferably

greater than 40 weight %preferably greater than 50
WﬁiO?lf v pfne& rﬁmtﬂﬁgg@rﬁ@&ﬁheﬁth% ﬁﬁoﬁi\'ﬁ{t&f"hy&@bcarbons of the
pte ably greater than 60 wel % preferabl

gireahittdn lidve moralViiliny pdimt inrthé &m@b loff frgneattoat -1006" 8000 °C

wei ght % preferabl reater 90 wei ht 9
or gthe pol}Pmenzatlon ¥ergperature %whlnhever WF ower0 preferlelt‘)al

polymerization temperature of about 70°C to about 115°C, preferably the normal
boiling point of the fluorinated hydrocarbons is in the range of from -80°C to
about 90°C, more preferably from about -60 °C to about 85 °C, and most
preferably from about -50°C to about 80 °C. In an embodiment, the fluorinated
hydrocarbons of the invention have normal boiling point greater than -50°C,
preferably greater than -50°C to less than -10°C. In a further embodiment, the
fluorinated hydrocarbons of the invention have normal boiling point less than -
5°C, preferably greater than -5°C to less than -20°C. In one embodiment, the
fluorinated hydrocarbons of the invention have normal boiling point greater than -

10°C, preferably greater than -10°C to about 60°C.



event that the weight basis is not named for the

wei ght % fl uorocarbon, it shall be presuned to be
woasmsdoegaon the total wei ght of the fl uorocar beas/us2005/021647

nmononers and hydrocar bon solVent s present in the

reactor. [0058] In another enbodi nent the

fluorocarbon, preferably the hydrofluorocarbon, is

r nt at re than ol une % based t
TOFEAD o o b Sebel e i, ABPRSPRb AR B e
YRR RS aSIRJu¥EBénsRY @ C i(B/ck6f 2.6a9E06r 1cBd, Phrefeablyy1.6
greater than 3 volune % preferably greater than_ 5

wolgioe 18gs, pndf mosthprgfagatdnt.6r /et 08 Tpofol Uieong embodiment, the
pr ef er ahl reater 9 . . pr [yso
Bablafo i frol e Tyt Rt kB Ml SELRE B A (gl s
MBARINES %Wcd)RERIMD) Yesgriaa arss lpfs, 20dvabstnpreférably less than
preferably greater than 30 volume % prefer BI .
gr-20g/es- Ineng ewsbodineniethoflugringted Rydrocay] @%&f&ﬁ ?ﬁgﬁntm have
Vol % o t 9
parie1 er é‘é?l?%@egq gl?dg{ cg%&%gﬁ\i}oﬁﬁ@ngl c&%ﬁsr@éé?ﬁgyéﬁé ;han 1.45, and
ohesttpesfetabhriesstial udeg/R6. preferably greater than 60
volunme % preferably greater than 65 volune % [0059]

hj ot her enbodi t the.fluorocarhon is.a bl .
h@&? | uor oﬁ’a‘i’rﬁo‘?{n%mgr %l}eutgl}omfegg}y’ QEREp 0858? (Eeh% a’%l c}a/ntlon
URRe Y AP MaPBH2ARALANME S0P ESBAlindtpolfR! & nbafirdd bplstumdard
% based upon the total volune of the

headierirheto tesbaigpenitathe 18889 besiese di080H i toslass than $¢(kkI/ks,

reagtar ((wWith the I '

Rty e BF GRUF JPRUDG I 8s aesb e ang, most
efesp ythe rasiedf fildha 2 (bkVid witessdtharp4@f leileh| y gr eat er

than 7 volune % preferably greater than 10 vol une %

PEe) Y S8 phlaed SabShi e B5HFEANH e yention
N s
gafertmnemtivhech MW, umimai@oél&ngpmnteﬂdrbl\fzapg;izeéi%re? artc%kiqpid glensity
\éfl)zlgﬁgsre 5105/3>; refég[ ]3?!1 %/m%lerg ee\rl;mtoa}a{gergbot%oh%@n;{gd hydrocarbons
useful in the process of the invention have a MW greater than 30 a.m.u, preferably
greater than 40 a.m.u, and a liquid density less than 2.0 g/cc, preferably less than
1.8 g/cc. In yet another preferred embodiment, the fluorinated hydrocarbons
useful in the process of the invention have a liquid density less than 1.9 g/cc,
preferably less than 1.8 g/cc, and a normal boiling point greater than -100 °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. In one embodiment, the
fluorinated hydrocarbons useful in the process of the invention have a MW greater
than 30 a.m.u, preferably greater than 40 a.m.u, and a AH Vaporization in the
range of from 100 kj/kg to less than 500 kj/kg, and optionally a liquid density less
than 2.0 g/cc, preferably less than 1.8 g/cc. In yet another embodiment, the

fluorinated hydrocarbons useful in the process of the invention have a liquid



preferably greater than 60 volunme % preferably

greater than 65 volune % [0060] In yet another
wenhwdoysamt , the fluorinated hydrocarbons of tReET/US2005/021647

i nventi on have a nol ecul ar W& ght (MY greater than 30

a.mu., preferably greater than 35 a.mu., and nore

preferably greater than 40 a.mu. In anot her
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preferdbly greater than 150 a. mu. hi another

dotkgdi ment, the fluorinated hydrocarbons of the
I nvention have a MV greater than 140 a. mu.

SI;O@ r ably gr ggtogﬁotﬁa‘agmﬂfé&lnénm e diflRLE i ﬁée@r@ﬁg ¥r more
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a. mu. more preferably in the ran
olﬂycﬁoamrbolﬂﬂnlds nExamples @mltablm nreferabhyl inens hydspedrbormini S are

er e of ut 10 0
o ouma iy DR SHer “gbaroig - BmE saturated
fﬁ&tﬂééaﬂ?&lﬁ @oﬂﬁéﬂﬁﬁ%ﬁbﬁqn@ 30f pieleabliBas R0y Odﬁhrlb‘@ilﬂom@ r Hﬁiferred
boi i ng poi nt he range of from about -100 OC

16)@1@1@r 1rlchelemrby¢n@r inFatangn isobiigae AMMWeof okl & H"e‘Vé‘rs 3 diquid

a %’5{8’ ?S@r%%ogé r%’f%’%‘ Mpr e# érga & a%) ﬁ%s?%g ]]1 75& 1=
'fﬂineoﬁsdgeﬁaﬁé (NIt 2211 hyednoc,as bﬂqmai Idsmmy ohe. GQag/ge and

from-800C to about 900C, nore preferab from
el bedmgcp%t 3’587@533511@@Pﬁnt% IfRRANS, r SIS,  fspbfgane,

F (?3%1 hg’%}&ﬁ %&% es- caABoRPPRETRAhydtdt@rbon fluids

frUorT Aa rocar bons o e i nvention have nor mal

balisd |11ﬁt@udmoa1kaneg r(peetf@anblyHah to SB(KI'kanes) such as propane, isobutane,
mixed butanes, hexane, pentane, isopentane, desulphurized light virgin naphtha,
cyclohexane and octane, are preferred. In one embodiment, the diluent further

comprises at least one C1 to C40 alkane, alternatively C2 to C8 alkane.

[0066] According to another embodiment of the invention, the diluent
comprises a mixture of at least one inert hydrocarbon fluid (non-fluorinated) and
at least one fluorinated hydrocarbon, wherein the mixture has a density @ 20°C
(g/ce) in the range of from 0.2 g/cc less than to 0.2 g/cc greater than the density of
the polymer, alternatively from 0.1 g/cc less than to 0.1 g/cc greater than the
density of the polymer, alternatively from 0.05 g/cc less than to 0.05 g/cc greater
than the density of the polymer.



preferably greater than -500C to less than -10Q0C. In a
further enbodi ment, the fluorinated hydrocarbons of
woheosionsamt i on have normal boiling point | ess PORWS2005/021647

50C, preferably greater tharflz50C to | ess than -200C.
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components. (This is not to say that the physical environment provided by an
fluorocarbons does not influence the polymerization reactions, in fact, it may do
so to some extent, such as affecting activity rates. However, it is meant to say that

the fluorocarbons are not present as part of the catalyst system.)

[0070] In a preferred embodiment, the diluent(s) or mixtures thereof,
preferably, the fluorinated hydrocarbon(s) or mixtures thereof, are selected such
that the polymer melting temperature Tm is reduced (or depressed) by not more
than 15°C by the presence of the diluent. The depression of the polymer melting
temperature [ Tm is determined by first measuring the melting temperature of a
polymer by differential scanning calorimetry (DSC), and then comparing this to a

similar measurement on a sample of the same polymer that has been soaked with
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Chromium Catalyst System

[0071] The polymer is formed in a catalytic process using a chromium
catalyst system. The chromium catalyst system used in this invention includes a
chromium catalyst, preferably a supported chromium catalyst, as well as one or
more optional components including an optional cocatalyst. The support can be
any suitable polymerization catalyst support. The use of the chromium catalyst
system provides the capability of producing a polymer product with little to no

reactor fouling, and producing a polymer product that is very low in density.

[0072] Supports suitable for use in this invention generally include one or

more refractory metal oxides. Exemplary refractory metal oxides include, but are



octane, and other saturated C6 to C8 hydrocarbons.
Preferred hydrocarbon fluids al so include al kanes
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m xture is selected so that the polyner has a nass
upomienents ¢ansalsa beapresenfuin ietsupporp mstasiahbltyis preferred, however,

that the other included components do not substantially adversely affect the

catalyst system at the quantity included.

[0074] The chromium component of the catalyst can be one or more
organic or inorganic chromium compounds, wherein the chromium oxidation state
is from 0 to 6. As used in this disclosure, chromium metal is included in this
definition of a chromium source. Preferably, the chromium source will have a
formula of CrX,, wherein X is the same or different and is any organic or
inorganic group effective in providing an active catalyst, and n is an integer from
1 to 6. Exemplary organic groups have from about 1 to about 20 carbon atoms,
and are selected from the group consisting of alkyl, alkoxy, ester, ketone, carboxy,

and amido. The organic groups can be straight-chained or branched, cyclic or
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[0077] In general, chromium pyrrolides can be made from any pyrrole-
containing compound that will react with a chromium compound to form a
chromium pyrrolide complex. As used in this disclosure, the term “pyrrole-
containing compound” refers to hydrogen pyrrolide, i.e., pyrrole, (CsHsN),
derivatives of hydrogen pyrrolide, as well as metal pyrrolide complexes. A
“pyrrolide” is defined as a compound comprising a 5-membered, nitrogen-
containing heterocycle, such as, for example, pyrrole, derivatives of pyrrole, and
mixtures thereof. Broadly, the pyrrole-containing compound can be pyrrole
and/or any heteroleptic or homoleptic metal complex or salt, containing a
pyrrolide radical, or ligand. The pyrrole-containing compound can be either

affirmatively added to the reaction, or generated in-situ.
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silica, titania, and chromium. Alternatively, an aqueous solution of a water
soluble chromium component can be added to a hydrogel of the support
component, wherein the term “hydrogel” is defined as a support component
containing water. As a further alternative, a solution of a hydrocarbon soluble
chromium component, such as tertiary butyl chromate, a diarene chromium
compound, biscyclopentadienyl chromium or chromium acetylacetonate, can be
used to impregnate a xerogel support. “Xerogel” is a support component that has

been dried and is substantially water-free.

[0080] The resulting chromium and support composition is activated prior
to use, preferably in an oxygen environment under appropriate calcination
conditions. Preferably, the oxygen environment is air, more preferably dry air.

The activation is preferably carried out at an elevated temperature for about 30
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more. The extent of reduction can be followed by visual inspection of the catalyst

system color. The color of the initial activated catalyst system is generally
orange, indicating the presence of hexavalent chromium. The color of the reduced
catalyst system is blue, indicating that all or essentially all of the initial hexavalent
chromium has been reduced to a lower oxidation state, generally the divalent state.
After reduction, the reduced supported catalyst system is preferably cooled to
about room temperature, i.e., about 25°C, in an inert atmosphere such as argon or
nitrogen to flush out the reducing agent. After this flushing treatment, the catalyst
system is preferably kept away from contact from either reducing or oxidizing

agents.

[0083] Polymerization cocatalysts can be used, if desired, but are not

necessary. Exemplary cocatalysts include, but are not limited to, metal alkyl, or



and/ or cycl oal i phatic groups. Exenplary inorganic

groups include, but are not limted to halides,
waioteanes4 sul fates, and/ or oxides. [0075] PrePeraiskops/021647
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A AL Ui W oD 186028 from 1 to 3. Triethylaluminum (TBA) and

diethylaluminum chloride (DEAC) are particularly suitable.

[0086] A cocatalyst, when used, is preferably used in an amount within a
range of from about 1 to about 20 parts per million (ppm), or milligrams per
kilogram (mg/kg), based on the mass of the diluent in the reactor. Preferably, the
cocatalyst is used in an amount within a range of from 1 to 12 mg/kg. Expressed
in other terms, a cocatalyst can be present in an amount so as to give an atom ratio
of cocatalyst metal to chromium within a range of from about 0.5:1 to about 10:1,
preferably from 2:1 to 8:1. The cocatalyst can be premixed with a catalyst system
or added as a separate stream to the polymerization zone, the latter being

preferred.
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80°C to 350°C, preferably from about 0°C to 200°C, more preferably from about
50°C to 120°C.

[0090] Polymerization processes according to this invention are carried
out at any pressure or pressure range effective in carrying out the polymerization
process. The pressures employed may be in the range from 1 mm Hg (133 Pa) to
about 3500 bar (350 MPa), preferably from 0.5 bar (50 kPa) to about 500 bar (50
MPa), more preferably from about 1 bar (100 kPa) to about 100 bar (10 MPa), and
most preferably from about 5 bar to about 50 bar (5 MPa).



chrom um conponent, such as tertiary butyl chromate, a

di arene chrom um conpound, bi scycl opent adi enyl
wohowrooes or chrom um acetyl acet onate, can be BEEBMSRMS/021647

i npregnate a xerogel suppor®? "Xerogel" is a support

conponent that has been dried and is substantially

wat er-free. [0080] The resulting chrom um and support
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nor e r. The activation is preferably
qaepol yrlerinet] iathepressnew af td chrompismagatalpst fspstermp ofithe invention

30m put,es to about 50 hours,, nore preferably for . about
SepesIDgR AROVE PR TieAm B BRb BePafonh  Jo "o’ prBodistii the
%W%ait@n Phejcesst 8¢, caFRe® @utelier abklirdyr pingbawt effective

0 about “9000C. Under these conditions, at |east
prendhgmeniaation tpwperamiresoindaprpsskgseo nil berprepobymeerizatigy can take

val ence. state s caonverted . h e

R T e S AP S IR L prBiibe of any
GRSk amRecightbjcestiding Oageht |saelst aspdytitoglen.r edort examplés of
t he hexaval ent chromumto a_|l oner vﬁ ence %tp e {3%8559
epdypeszation: Peeedurpe Feed JéSnPAnNSs i Brerlabfy 87352
CREDOBTONON I 8. shk3 378 GHYG! 1B 8EH BilrBFéant A ARIOBP-B-
nmonoxXi dé 1's used;"higher amdunts of conohomer are
o761 863 ynddRIET Rublicktion §60t 9HA4¥dnell taf whivheare herein fully
simlar unt.s of conononer incorporation into the
r@%‘?fpf"ia@r[g’orﬁ [Sf&r. Generally, the activated catal yst
is directly subjected to the reducing agent, although

| fobsz]veni NOTRS qREpdAMeRAtiBAP Y6 polefietidation process can be
preferably carried out at a tenperature of from about
000 0w ik b datchHO COTIEONHPIOEPsS RYrC@NEREIS inpentasysiem that
about, 3 G 4 : / [ r :

R B R el R Bl RR T cfesRlior oy oxample

f 4 ecatEbas prepdeniodicessprlgmet wonlkl bt bneinywhichtthe reactants
pressures, e.g., 500 psia (3.45 I\/Pa%. Ho%@\s/er, a duct i
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t prioeess afi thedinyerftionis acémimupusproessst o several hours or

[0093] The reactor used in the polymerization process of this invention,
will contain sufficient amounts of the catalyst system effective to catalyze the
polymerization of the monomer containing feed-stream such that a sufficient
amount of polymer having desired characteristics is produced. The feed stream in
one embodiment contains a total monomer concentration greater than 5 weight %
(based on the total weight of the monomers, diluent, and catalyst system),
preferably greater than 15 weight %, greater than 30 weight % in another
embodiment. In yet another embodiment, the feed-stream will contain from 5
weight % to 50 weight % monomer concentration based on the total weight of
monomer, diluent, and catalyst system (the monomer concentration should be

limited sufficiently to prevent pump cavitation).



nore. The extent of reduction can be foll owed by

vi sual inspection of the catal yst systemcol or. The
woabwrooghi4t he initial activated catal yst syst eRCTAIS2005/021647

general Iy orange, indicating%he presence of

hexaval ent chrom um The color of the reduced catal yst

systemis blue, indicating that all or essentially all
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cloobe, ' oxi Hapre sppdasnt gBbF hTSPPReL Ui 240, [ e
Afh&br fof bRl wélgﬁ JOREHC ek BUPRPKiFeh fAhase/skill&ia iR rt,

is preferably cooléed to about roomtenperature, i.e.
alnorease@50@pentratians phlaydrogenrrekaivie ththg @@nc%raamg efhmgpomer(s)

PRl Mo U8, e A iy

heyRYagde RS w€ibhisr om ei t her reducing or
OXI i zing agents. [0083] Polynerization cocatalysts

can be used, if desired, but are not ece sar

EH0998) ar . cBeRearyBedimeat e VBT AIGRA Dicchis s gmplpyed
Mehih C%Wses a(Flﬁ&?ﬂl%Qﬁ?ﬁ@hmnS&%ﬁt Rty %Bisyménz@tmn htkiykt in an

bor on a or [ um num corrpoun S. term
ﬁﬁicmlal solvemtr gahaﬁeWaig fhs mmmedoncaqtnﬁot wdsuffigienh time to
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an al kyl "boron conpound, trlhydrocarbylboron compounds
arsepgﬁafeem@@btam,aﬁ:nrﬁfeabqkyl boron conpounds bei ng
nost preferred. Preferably, the al kyl groups have from
1 ProcesdGonditipnsar bon at ons, and preferably, from2 to
5 carbon atons per aI kyl group. Trial kyl boron

nds, S,
t ﬁ@%pyl bo enﬁmdl Iitlogt Mg?%&{ M@B}%%@ethp %?g??‘l e
Cphak @bbs&ﬁé&lzaﬁ@ﬂ: pfdébstsg pieferabilg ae atvodiinmmk poiynndlrﬁzatmn process.
invention. Other suitable bor on
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[0097] In one embodiment of the slury process, the monomers,
catalyst(s), and initiator(s) are miscible in the diluent or diluent mixture, i.e.,
constitute a single phase, while the polymer precipitates from the diluent with
good separation from the diluent. In one embodiment, a solvent or co-diluent is
added to the reaction process. In a particular embodiment, an alkane having from
3 to 7 carbon atoms, preferably a branched alkane, is added. Preferred alkanes

include isobutane and isohexane.

[0098] A preferred polymerization technique of the invention is referred to
as a particle form polymerization, which is essentially a slurry process utilizing a
supported catalyst wherein the temperature is kept below the temperature at which
the polymer goes into solution. Such technique is well known in the art, and



[0085] Ot her suitable cocatal ysts include al um num

conpounds of the formula AIR nX3-n, where X is a
waypadisiode4or halide, R is a Cl to Cl hydrocar beayr/us2005/021647

preferably alkyl, and n is ei‘ﬁ‘integer of from1l to 3.

Tri et hyl al um num (TEA) and di et hyl al um num chl ori de

(DEAC) are parti cuI arly suitable. [0086] A cocatalyst,
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%nﬁh@éﬁsr ®op0oPfstifed adaflk Mﬁbce@ﬁism Also Chllhelmeuamples h(l)ﬁ’] shurry
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trglnyfﬁﬁ}é ﬁ%éﬁg)%%t% b?qgiﬁpen?éa . tg Ecﬁﬁ Bih&ticHs T 3fEe i, loop

pol ymer | n zone

p{l&xfrﬁ r srestirRROEKSRIcS Bame redckirs cies ssdﬁmlnﬂxrtprodm:tlan cpf bimodal
Reactor Systens [0087] This invention pertains to any
pPABBESeri zati on and/ or pol yneri zation process, and

the process is suitably carried out over a wi de range

ofpobePer at i &% aMBodIhRAS YhE Seact (Red D ﬂ%sﬁﬂﬁ'ylpﬂ@deﬁﬂ ef the
for exanpl e, Ioo$ slurry and stirred tank reacto

pinyeatisigs cambichel profecieg gresien thaa 3098dbs of pf&mpha%r. homr (907

a centr
P T P 080 Bt Bytoast AR bty
d el thah r10[00L hies/ROlS HE kg/mr)o otu@hoﬂaaﬂemb@dlmnﬂ tht ishmryofactor

e diluent back in_.to the ation proces
aﬂqeérlnéhfyp@@gsslrtﬁdhﬁala‘reml%ﬂﬁ %ﬂfPa éﬁz Io W@Fﬁa’fﬂ than 15,000
| I
OO 4 Bl s ok 8 Aot s i 25000 o
t (e, 10l kerte) togdb@a‘sl@(rmibsmm&ﬁ)@ﬂ@/km).ur e, Tg, or the

nmel ting point, Tm and/or little or no diluent nass

p f@ﬁﬁt lTE\lj grgﬁ%ci}z al é oé‘o&lynr{ﬁllt 3%3116% Isu G n& u8£011tetae catalyst

CpaeeRs ﬁl%tﬂré’s!éni & solid particles in the slurry reactor, and the slurry diluent is

a hydrofluorocarbon, one or more hydrocarbons, or mixtures thereof. In one

embodiment, the concentration of solid particles in the slurry is equal to or greater
than 10 volume percent. In another embodiment, the solid particles are present in
the slurry at a concentration equal to or greater than 25 volume percent. In yet
another embodiment, the solid particles are present in the slurry at a concentration
less than or equal to 75 volume percent. In yet another embodiment, the solid
particles are present in the slurry at concentrations ranging from 1 to 70 volume
percent; from 5 to 70 volume percent; from 10 to 70 volume percent; from 15 to
70 volume percent; from 20 to 70 volume percent; from 25 to 70 volume percent;

from 30 to 70 volume percent; or from 40 to 70 volume percent.



be handl ed at | ow viscosity with good heat transfer,

reduced reactor fouling, honbgeneous pol ynerization
wanaaicmodshe conveni ence of subsequent reacti onBCTWSh®S/021647

run directly on the resulti rﬁgz'pol ymer m xture. [0089]

Pol ynmeri zati on processes according to this invention

are carried out at any terrperature or tenperature

ffective ip.carr ut, t ol yneri zation
pﬁggéﬁrstﬁéﬁéﬂgﬁonséF&é{ﬂ?’F& Styé ratures range from
about - 800C to 350C, preferably fromabout OOC to
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o GrR s, 8 e AN B CaD AR 2Ry frefeef or
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about 50 bar (5 MPa) In one enbodi nent of the

i ivterthe miymgnéefuon@sgcessmf@ anyBesiredpurifoa B spsf i n( s)
or al pha-olefn(s), preferably ethyl ene, or

pﬁg@hﬂ 2tel g?ﬁte%%pa% eﬁ ?{cgtrln%o rﬁl(g g?lgrmey Wélﬁﬁg fsrle Pﬁ)ﬂﬁd as indicated

| By &t @Ihd‘iﬁﬁxpfésﬁeﬂi oﬁlﬂmqmlpmenglatsatriﬂsmdmaemmramre Tg, or the
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P eyisiets 15 angop R Seeat Feeiiake: | Ry plyegization
p[hatﬁ@ dbedé Bﬁfhte' Yéaseﬁ’tr RPRl% 6\5@&' fof h@%ﬁ&ﬁér%ﬁéerﬁaﬁon to

_ pressures. repo ynmeri zation can take place wt
aby hahdied rat fowoviscosty witlrigondtlieah transféw rredured Higactor fouhng,

f | h Il
e e ey -
PHORRMIREY oA Mdsiitting’ g&gﬂkrhﬁﬁure"r 748, 221, 4,789, 359,
4,923,833, 4,921, 825, 83, 278 and 5, 705, 578 and

Eur opean publ i cation EP-B- 0279 863 and_ PCT
PIMIOBL at i on PolpnTFrizatioy progpsseh ROGHRIIBE tar s BV etipry ge| qarried

' B5C%P Oa!r@t Fe%ﬂ%}[atﬁl%f &f eté}ﬁﬁerature range effective in carrying out the

polymerization process. In general, effective temperatures range from about 30°C

to 140°C, preferably from about 40°C to 125°C, more preferably from about 50°C
to 110°C The upper temperature will be limited to at least 1°C below the polymer

melting point.

[0104] Polymerization processes according to this invention are carried
out at any pressure or pressure range effective in carrying out the polymerization
process. The pressures employed may be in the range from 1 mm Hg (133 Pa) to
about 3500 bar (350 MPa), preferably from 0.5 bar (50 kPa) to about 500 bar (50
MPa), more preferably from about 1 bar (100 kPa) to about 100 bar (10 MPa), and
most preferably from about 5 bar to about 50 bar (5 MPa).



[0092] The prepol ynerization and/ or pol ynerization

process can be carried out in a batch or continuous
WOROEBESM44 By continuous is meant a system that POPRISAi06821647

(or is intended to operate) “Wthout interruption or

cessation. For exanple a continuous process to produce

a polynmer would be one in which the reactants are
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(RePTROFERT PY Iei8 % vent punp cavitation).[0094] In one
enbodlnent of the invention, hydrogen is added to the
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to those skilled in the art, increased concentrations
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pg#%ﬂﬁkh§ahmﬁﬂwﬁptalyst in an optional solvent and

ow ng” the nononers to react for a sufficient tine
to
[0107] The reactor used in the polymerization process of this invention,

will contain sufficient amounts of the catalyst system effective to catalyze the
polymerization of the monomer containing feed-stream such that a sufficient
amount of polymer having desired characteristics is produced. The feed stream in
one embodiment contains a total monomer concentration greater than 5 weight %
(based on the total weight of the monomers, diluent, and catalyst system),
preferably greater than 15 weight %, greater than 30 weight % in another
embodiment. In yet another embodiment, the feed-stream will contain from 35
weight % to 50 weight % monomer concentration based on the total weight of
monomer, diluent, and catalyst system (the monomer concentration should be

limited sufficiently to prevent pump cavitation).



produce the desired polynmers. Hydrocarbon sol vents

suitable for the process include aliphatic and
wanresnda4 sol vent s. Al kanes, such as hexane, pearaseq05/021647

i sopent ane, and octane, are ﬁ?eferred Process

Condi tions [0096] One enbodi nent of the invention

incorporates the use of a slurry phase polynerization

DIGGEES: on 6! ShebAingca b SHE RO bR T 88ea 1o the
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pol ynmeri zation technique of the invention is referred
t ésopentanepand peiane, prrrelsEredmer i zati on, which is
essentlally a slurry process ut|I|2|ng a supported

ESS (IONBDIEIONS t enperature is kept bel ow t he
tenperature at which the polynmer goes into solution.

S echni [
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f phésg polynosriyation proches pieferblylyras facroatimenus Golyeneridation process
C ses |nclude t hose enpl o a loop reactor an
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S?e{dglg f FBRT Aouell to 91501{% qm? 'aﬁﬁ&sbﬁé}%s WRGERBTy in the range of from 1
imting exanples of slurry processes includée

combo mtumxsphdrem Operating tenpeiratuekarp igenasibem. thérange of filver 0°C

exanmpl es of sl
to ne.lpl))out 200°C, pret%/rably from 50°C to about 120°C. Preferably, the

polymerization temperature is above room temperature (23°C), preferably above
25°C, preferably above 27°C, preferably above 30°C, preferably above 50°C,
preferably above 70°C.

[0111] In one embodiment of the slurry process, the monomers,
catalyst(s), and initiator(s) are miscible in the diluent or diluent mixture, i.e.,
constitute a single phase, while the polymer precipitates from the diluent with
good separation from the diluent. In one embodiment, a solvent or co-diluent is
added to the reaction process. In a particular embodiment, an alkane having from
3 to 7 carbon atoms, preferably a branched alkane, is added. Preferred alkanes

include isobutane and isohexane.



processes are described in U S. Patent No. 4,613, 484

and 5,986,021, which are herein fully incorporated by
woebwroeypae. Such conbi nations_of stirred sl urrpCTIUS2WS/021647

slurry, or stirred and Ioop'%%urry reactors are useful

for production of binodal polyners. [0099] hi one

enbodi nent, the reactor used in the slurry process of
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the '‘process is suitably carried out over a w de range

[0114] In one embodiment, polymer granules and supported catalyst
particles are present as solid particles in the slurry reactor, and the slurry diluent is
a hydrofluorocarbon, one or more hydrocarbons, or mixtures thereof. In one
embodiment, the concentration of solid particles in the slurry is equal to or greater
than 10 volume percent. In another embodiment, the solid particles are present in
the slurry at a concentration equal to or greater than 25 volume percent. In yet
another embodiment, the solid particles are present in the slurry at a concentration
less than or equal to 75 volume percent. In yet another embodiment, the solid
particles are present in the slurry at concentrations ranging from 1 to 70 volume
percent; from 5 to 70 volume percent; from 10 to 70 volume percent; from 15 to
70 volume percent; from 20 to 70 volume percent; from 25 to 70 volume percent;

from 30 to 70 volume percent; or from 40 to 70 volume percent.



of tenperatures and pressures. Such processes include,
for exanple, loop slurry and stirred tank reactor
wonro@esds. Either process can be used in conmbPQaMtiSLNN5/021647
with a centrifuge, a one-staife flash, a two-stage
flash or any conbination thereof for recovery of
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the dlluent back in to_the oolgnerlzatlon process
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Eﬁﬂgf ted agnk BFhfcAd Q8rhYeddtdrh i s@iesR iS pRRAIESHRP Be Ofed in
pol ymer gl ass transition tenperature, Tg, or the
n@nst m’vgntpm ntAltemtIValUdDm or |m<vrp ega@ rphage avactosh (phe Pperated

BRE SipstRUR o PRVTREYF Al B b bEEndlk AR Fedthord " Catalyst

CeuaRitichd) @Ad tayhetibaot beglaid) muyvbes déi&rdrc}d wé thsofuimth or
heat transfer, reduced reactor fauling,. honng E@us

pﬂuwaemthfaﬁqp@w%m & e reaptore %Wé?ﬁdéﬁé@e dust 968 fgactor, or
5‘& ﬂiﬁ[ %@Ogﬁmﬁ)&{] aliah SRt Ye@ Roldti®n " 65U, 8 tﬁ@lr&fﬁ%r A

ure yneri zation processes according to
tﬁneﬁerrad\@letatlon istwer éhutiane dctivatedain-lansy Foe imfermadtionengnethods

ot PR s BRI freglate e US4 RE TR WO 01730861

t RAPEePALil BSsd ﬁa@&@néer 28y aHHasi3® Gaé PhdtOfeactbisL s adehiiques
from about 40C to 125C, “"nore preferably from about 50

t desmb@tmremueﬂﬂm epplicabisep Atthareypas| of tgactpispinchuling centinuous

s L R T R0 it i

ab@t GA kittes! @ﬂgleatrea%fdt BpEAHGH, € D whichS siohemean gemonomers
effective in carrying out the_ polyperization prqQcess

Tertalyptéasniater; seamshage andraptionsl medifisss prensded copiinuapsly to a

gkt gealtof fBRREHated Spliafio Ja bR hne B SoRohents ar

?Tgfﬂ a;;) leyicH (r;xﬁ nnvxa:tb@utmdrebmalc‘(oi?@ohm%edt 01} gbgeat 1Tie lvatalyst
a), an s rom t

aBRfpOSyt BRY 3 9 horaditc ? E@? thFt eV AR GBG CBROISE Opigg added

'afbpﬁﬂf'ét Fbrégto? L& biRESdomRinghs raﬁ@édyto%etr Qedetor! ef i n(s) or

, preferably ethylene, or conbinations

t hereof are )
[0116] In one embodiment, a continuous flow stirred tank-type reactor 1s

used. The reactor is generally fitted with an efficient agitation means, such as a
turbo-mixer or impeller(s), an external cooling jacket and/or internal cooling tubes
and/or coils, or other means of removing the heat of polymerization to maintain
the desired reaction temperature, inlet means (such as inlet pipes) for monomers,
diluents and catalysts (combined or separately), temperature sensing means, and
an effluent overflow or outflow pipe which withdraws polymer, diluent and
unreacted monomers among other things, to a holding drum or quench tank.
Preferably, the reactor is purged of air and moisture. One skilled in the art will
recognize proper assembly and operation. The reactors are preferably designed to
deliver good mixing of the catalyst and monomers within the reactor, good

turbulence across or within the heat transfer tubes or coils, and enough fluid flow



prepol ynerized in the presence of the chrom um

catal yst systens of the invention described above
weRdr0ew4t he nmai n pol yneri zation. I n one enbo#CTAISLA05/021647

the prepol ymerization proces¥-is carried out in a

slurry phase at effective prepolynerization

teLrper atures and pressures. The prepol ynerization can

take place with any ol efin nonomer ar conbi nation

aWB?‘%ﬁ%

opt, then geastien SfoRENG 0 AYGIGGXLESTIVE PORARE pecumulation or
CORLEBbh g ARshfuestuch as hydrogen. For exanpl es of

preépol yneri zati on procedures, see U S. Patent Nos.
4,748, 221, 4,789, 359, 4,923,833, 4,921,825, 5,283,278
al18] 705, 578 aantherwmbpdianenp (] theatnverfiqmy- Breagiorocapgble of

and.PCT Publication WO 9 7 I '

BTG A ShTRLORD SR o of Y vl o, QocBhE G 0§ 417,950,
Pheil Medboraedd 3 retinetco]is psddy IR réaz il ipamplitpeRads empldyed in
carried out in a batch or continpuous_process. B )

c thetrpapienpndicsn he ghthegpgirenmng Yagty eplbe &P%‘H"&P‘%& variety.

intended to operate) w thout interruption or

C i on. ' d
STRTF]or” T3 SUPEAE Sl ThoRoRsgte 10,44 anpcaays,

c omitiatony cansll gfilient moajube dvarinble. oleone embodimerdc ther iitiater and
pol.ymer product is continually w.thdrawn. [[0107],..Th
r%%%]tyéti_’ SB&'?WRI%G%BVWI?% i?geg}?r plpoﬁ%sgﬁél%%eq }ﬁlfl clit for a
| BMS&HeaNam¥inlt! ofCRRE Fhbisd ol DMt sREBUMS 9 00orik)€and then is
catal yst systemeffective to catal yze the

piligated intae confinyous Fracten Hopesgh &emeliptiiozgleras dyjeatiqneapparatus.

such that. a i:.cient . r i
Sl DL AT S I o 0 o
| BepaRgelgTbddi amilierc anbadimenty thotialtiamrndsmbiended with the feed

concentration greater than 5 wei ght % (based on the .
t BIORPMRES @ﬁfor@fmleﬁ'@o%ﬁothgrr@gctgq.| u]gﬁqqa%gh dt%g AROQnQragr 1s not

fﬁglﬁg%d \Avglﬁg E}tf‘er %Ihlﬁ/stg e 3hE RN cdmbiel 9hih %he BLiBAbE before

: anot her erfbodi nent, myet anot her
ephedhgértreadttie f eed-streamw |l contain from5 wei ght
%to 50 wei ght % nononer concentration based on the

t ?61a1|9] wei ght[n %Lother embodiment of the invention, the initiator and catalyst
are allowed to pre-complex by mixing together in the selected diluent at
temperatures between -40°C and the freezing point temperature of the diluent,
with a contact time between 0.01 seconds and several hours, and between 0.1
seconds and 5 minutes, preferably less than 3 minutes, preferably between 0.2

seconds and 1 minute before injection into the reactor.

[0120] In yet another embodiment of the invention, the initiator and
catalyst are allowed to pre-complex by mixing together in the selected diluent at
temperatures between -80°C and 150°C, typically between -40°C and the desired
reaction temperature, typically between -40°C and 120°C.

[0121] The overall residence time in the reactor can vary, depending upon,

for example, catalyst activity and concentration, monomer concentration, feed



nmononer, diluent, and catal yst system (the nononer

concentration should be limted sufficiently to
wonRews@meo4punp cavitation).- - [0108] I n one enbOdiUSRINE/021647

of the invention, hydrogen i$"added to the reactor for

nol ecul ar wei ght control. As is well known to those

skilled in the art, increased concentrations of

hydrogen rel at | ve to the concentrati n of 2)
e B Brodugie i TRBEL e ABHe 8P gy  Mblecular
m@)@gﬁt gkgﬁgéllb%%ﬁﬁ@ %eﬂermy Bhbet@Neh ABButPFRE WcBhds and five

enbodi nent of the invention,

| Fql%m’damf ’Q’@E&ﬁylt@t\ezqnl afl)ljDBle whi &0 momtesi lsésvaa‘@hleamﬂiuﬁlg:mg
opidstcs B8 saie Moty SRS B Phes Paffhe overan

f@gac@rsgﬁﬁﬂem ent time to produce the desired poI ynmers.
Hydr ocar bon sol vents suitable for the process |nclude
ali phatic and aromatic sol vents. Al kanes, such

hé23k, pendepardingiopanthshenbodipeni i iz mvapiion, the process can
f
PhHE TGRSt P ?orpora{)esgﬂﬁed&ﬁﬂ% mem&qwqﬁ £ pfmer

I'nvention in lse of @ sl urry
potoduer fioai fhenrepctor eas bepacebmphdiicd tas cencxcntnaulrrgj th@ssohds for

pol ynme t Th I t
pala%r@@é'elftiwfﬁfcgft&?ﬁ%qe@y oo SifiteaVay bER b Boh B the gty
19Eﬁ1tf\{ri‘ﬁmr§~b§’1% tﬁl&ﬂlyﬂﬁ%ﬁ b%roﬁdlffefgﬁé@ B@t”w%%n the density of

pre erably 1n the range of from 1l to 50 atnospheres.
Opier jaatlymgr pl@rip@ramduhe slensity <gfethe dilneny. il a prstiewprgemibrdiment,

fro 00C to 200C. rably fr

LeTigpLign, § ls flﬁ%m?)tg‘? W@H‘ zaa%(?ogng 8%per a%& @‘9826 HoIps-
q@}ﬁ%aﬂ G shelmr s EmeASAR) el eolabbyisagexer 25E, 20,000
prefera above 270C, preferably above 300C,
prgélﬂfmseiﬁﬁ kilplitees)500C, preferably above 700C. [0111] n
one enbodi ment of the slurry process, the nobnoners,

gi"l'{ltu’f%St (s) él“lh]@ %@eﬂaﬁ'r&élaén% glﬁ‘?e.lﬁl kiR fEh&6 Bindyay) cfeBé‘ndmg upon,

ent or uent mxture
for example, catalyst activity and concentratlon 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
residence time is the monomer and diluent feed injection rates and the overall

reactor volume.

[0124] In one embodiment of the invention, the reactor is operated at a
space time yield greater than 2.6 Ibs/hr-gal (0.316 kg/hr-1). Alternatively, the
reactor is operated at a space time yield greater than 3.0 Ibs/hr-gal (0.360 kg/hr-1),
alternatively greater than 3.3 lbs/hr-gal (0.395 kg/hr-1).

[0125] In another embodiment, polymerization slurry in the reactor has a
volume percent solids greater than 50. Preferably, the volume percent solids in
the polymerization slurry in the reactor is greater than 60, more preferably the

volume percent solids in the polymerization slurry in the reactor is greater than 70.



constitute a single phase, while the polyner

precipitates fromthe diluent with good separation
wonrawonda4 di | uent, hi one enbodi nent, a sol venPCDMS2005/021647

co-diluent is added to the r%hctlon process. In a

particul ar enbodi ment, an al kane having from3 to 7

car?on at ons, preferably a branched alkane, i s added.

Preferred al kanes i ncl de i sobut ane . .

i TBnaglume, poaers polidssie oS AR ot vl Asering the
0§olfd§ Gevel \SFQtrér:P?Qs Whém(f@ fc%t{v%ds ?l@@f Be Rédctibg nEixfudé Which was
pol yneri zati o is essentially a slurry process
ualildwczil tog sedtls ap pantation quessises in Wrmhiu glassheln dnpaneesyement

t .below the te r.at ur.
oBetiofl 15 it PSR ERC L irRYneT bE Pl TRl of the
t&@ﬂéﬂ 1 A€s16d inBel &s ahd gihadiag this SbseRadddrighiy th
3,248, %0761@&\%% ch |ls fu?lFméllngorporat e% hereslen St
rb¢lghfe¢fc‘fée tqteleaptive grmple s he speon FEXERe 20 Sitein the cross
I

P a?ﬁlrbgea ?é t%? %1%{11 ?%&?ié% or s&glt@é g e¢}t |§Vlees§a?d 1Slatlhgls?mg ras the
Cémsbs mtleﬂSrebh:e’lt}mdfertw‘dd)prdelomhamge -oanpdotw. of slurry
processes include continuous |oop or stirred tank
PPROPEET RBCOVERYher exanpl es of slurry processes
are described 1n US Patent No. 4,613,484 and
5,986, 021, h are_herej fuI i ncor por ated by.
CISPLOZL Pl hunehe ot ot R AR B vt
' Gorgsiﬁs shitdihdd ﬁ%&ﬁ%ﬁﬁlapéhéulr@be Eéifa%técp RofSthe 3R&Rh&. hcluded

produci ng greater than 2000 | bs "of pol ymer per hour
( ﬁﬂtl’nsklgﬂhnw producs amtgfreacmﬂ mogpmaers end uhdasirailo byfipsarhpn by-

(2268 nost er ab r Q0

| B (i i PRoen o AU, B e S b, AR b v
I gRgdrls URedird Mot heachkeas sforaf ddshieble ndhegranidsare especially
capabl e of produci ng greater than 15,000 | bs of
pBrophematiseyithisgard i gemove) ARY/PT I6PEEr abl y great er than
25 000 | bs/hr (11,340 kg/ hr) to about 100, 000 | bs/hr

f(ﬁ PO kg/ I bybstQdid orhen(( €, Qqﬁgghﬁﬁ RYf, th® o YR product is

es and supporte cata rti'cles are present
aSepamed:I fipar thec hcampo]nynteh epr@duat by seadung qrpdunh dsfﬂtmlt from the

ﬁlygi 5:%'??19?@% alrlg’qlr?r}}? rgg\%ﬁ 8{1 ar blﬁﬁ @g\@%er recoverry system is

operated by controlling a variety of parameters including temperature, pressure,

vapor-liquid separation systems, and purge systems or vessels.

[0128] In one embodiment, the polymer recovery system incorporates the
use of an inert gas to purge or scrub out undesirable entrained material from the
polymer product. The inert gas is a composition that is substantiaily non-reactive
with the polymer product, and can be used in sufficient quantity as a driving force
to separate the non-polymer components from the polymer product. Examples of

useful inert gases include air and nitrogen.

[0129] In a particular embodiment, polymer associated with entrained
materials such as unreacted monomer, hydrocarbon by-product and diluent such

as hydrofluorocarbon is recovered from a polymerization reaction process and



enbodi nent, the concentration of solid particles in

the slurry is equal to or greater than 10 vol une
woenm@e44 | n anot her enbodi nent, the solid par PCTIUS82005/021647

are present in the slurry ar‘h concentration equal to

or greater than 25 volune percent. In yet another

enbodi nent, the solid particles are present in the

sl urry at a concentration | s t han or equal to

VNG AR eplyaer . rewe%ﬁysé%t é*ﬁﬁzsdﬁ?lﬁeﬁﬂ Ym?%ecgwwosystem
t

U] S0 i, S A

vand assopiatedeentirairfed anatéBals @re7 eng ¢o the pp@ecssﬁtem f ﬂ" bm m@t gas

FFesmpoRar i ot it e B B B S 76 Bl cntrained

PRlatBfls, tl@éreﬁéf i aQufle ¥REMTEWRRRGE TecdVeA@TEbR MbPurge
REACTOR’ SYSTEMS [0115] One or nore slurry reactors in
seystam. or in parallel may be used in this invention.

Al ternatively, one or nore gas phase reactors ny be

oRehLAt ed ei S r f o,

AL 7y PR RO A Br SRV BARHE ks RBaRled and
aedcovatdraseamiunye direammyfrdie ﬂielpu‘rﬁnad pasiuat :mlpmfemhlyofurther
slurry, either s to the. rea activa

d ..
i PrRerdted fie FOIBPP%&?%E&?% Qe RIEHiLY Bf tstb?aé%sc%qdv%ﬁ Fragtion or
PYIR&S st%?ecﬁ?edgger b a/@ﬁlteﬁ Gloh kRNsyRfens hélﬁﬁﬁfol%&até.h@t is preferred

react or operation i's two sol utions
atitai \dalueat aml hireacted-amorionfen rogaseparatash and ré¢toaied ttg the reactor.

' t}ér oduce nul.tipl ggfﬁ%%%g klsréc%?q?ci%?ﬁtg 1v1drua Sfeatts or as a

er erence
"BUmBﬁiBH aFbAR BAR iIRNOSR i§ GRALA KR rebbv@ry Svom, Citlﬁspreferred that
descri bed are equallé applicable to gther types o

r decingrt gas plse Ibgdiepajaiednpefaahly as en indiv tl%lrﬁtrea@aé%%ovefed

sl ur 0 i r
Sl B0 FAGHEE TR06h! Bk, B8y L HEEIAR BRRoR S

wWhbBineatsresysteganononer s, catal yst/acti vator,
scavenger, and opti onal nodifiers are added

conti nuousl e rea in series.r

DB o e e BB hemt, e e eSS PG dptor i
e abhedfl int IVArsP 2SR iE viRREE Frotn GRARSIHRE do AP Er0gs of Heeliquid
catal yst conponent nay al so be added to both reactors,

wintddivom ¢o pmdpmeqme@mt%pdﬁ@eﬁefﬂuent and vaporized liquid. Flashlng

can be accomplished by reducing pressure or by heating. Preferably, the vapor

obtained in the first flash is condensed, more preferably the vapor is condensed
without compression, and most preferably is compressed by heat exchange.
Preferably, the first flash is operated at from about 140 psia (965 kPa) to about
315 psia (2172 kPa).

[0132] In another embodiment, polymer solids are discharged from a first
flash to a second flash through a seal chamber. The seal chamber preferably is of
sufficient dimension such as to maintain a volume of polymer solids/slurry in the

seal chamber sufficient to maintain a pressure seal.



to a first reactor and other conponents added to ot her

reactors. [0116] In one enbodi nent, a continuous flow
webueroegh4t ank-t ype reactor is used. The react oPCTAIS2005/021647

generally fitted with an ef #15i ent agi tati on neans,

such as a turbo-m xer or inpeller(s), an external

cooling jacket and/or internal cooling tubes and/or

col.l or ot her ans of renpving the heat. of

pgdlgﬁﬂlari zat B i %gfhﬁ“ ecag%ﬁntréﬁgr é’_gme&n effluent and
t Q4PRRTz8d UiGuid| HeClcoMmaidbuslys Yetara&d. | NlIgt a PhRESIed Uspect, the
monomers, diluents and catalysts (conbined or )
s eqreeairaed polymaerpefiflaentr dury s iflaghedesing, sagpad dlash to vaporize
egfl. ent overflow or outflow pipe which wthdraws
pdf¥/fter, diluent and unreacted nononers anong ot her
things, to a holding drumor quench tank. Preferably,

t [l3dpact or In sne ehhedinkdnt aif thahthemidvrs tthe @olyoneizakion kefthent
in the art will recognize proper assenbly and .
ofematheopelymgEzation teasier &% g%&ﬁ@’éﬁ? Ay sl P gh £lgsh @peration..
dpldr Iofdrl}2i 1G&hHPlo ARAPBRAREBER W the fusi
vlet h%%ﬁﬁ?,%@g%g%&%%géggﬂ%rgu?gence acrgss or w twhiﬁ sion
t teenpieeattretafahes pelyntenb he quantisy lo§ heatrauppisiiighthé Ipolyherization

fl hr 4 th ti I 1 id . [
R R4aeut 08P BRLA 90 O B RER G B0 1
[ Qﬂﬁiﬂoﬁhﬂicﬁl{&ttﬁ@ﬁ?ﬁm]ﬁﬁ Rihidhfis td6e flasheat i on, a

reactor capable of perform ng a continuous slurry

process, such as disclgsed in U S. 5 417,930, herein
i H8Fhor at edhppobane rsofide car Be seRagptedsby iyt Prqpiis Physical

[ ' I it |
LB, SRR g SmERAEt st B i om
The dilvestrusifg comitdftige agpardtes. rononer f eed- stream

catalyst, initiator, and diluent may be variable, hi
OPOIYTXER PRODUUTS i nitiator and catal yst are

pre-conpl exed by m xi ng together in the sel ected

diddaenil Pi¥ymer Presifeed bed anount of tine ranging from
0.01 second to 10 hours, and then is injected into a

s e B b by it oS 3 rlon can be used
caf At \lragi;f‘éﬂfl S odiltd A @-1RE Spftdchs rHefR1RaS E)Rfsduced by

separately. I n anot her enbodi nent, the initiator i
b thenetecessiof fthe myefté@dinclude linear low density polyethylene, elastomers,

plastomers, high density polyethylenes, medium density polyethylenes, low

density polyethylenes, multimodal or bimodal high molecular weight
polyethylenes, polypropylene and polypropylene copolymers.

Density

[0137] The polymers produced according to this invention can be
produced at any density suitable for the appropriate end use. In one embodiment,
there can be produced ethylene based polymers having a density in the range of
from 0.86g/cc to 0.97 g/cc. For some applications, a density in the range of from
0.88 g/ce to 0.920 g/cc is preferred while in other applications, such as pipe, film
and blow molding, a density in the range of from 0.930 g/cc to 0.965 g/cc is



nononers before injection to the reactor. Desirably,

the nmononer is not contacted with the catal yst, or the
woab@logsis4 conbi ned with the initiator before eRCEMUSHYS021647

the reactor. [0119] In anot W& enbodi nent of the

invention, the initiator and catalyst are allowed to

pre-conpl ex by m xing together in the selected dil uent

at tenperatures. between -400C.and_t freezing point .
ey o Tom RS PP S Sot A ot agieppishs? S dhsity of
bg o1 e Oi00d.056 GRBAS REESEY Pehbit i Hiasuaad i atoved@ice with
0.1 seconds and 5 mnutes, preferably less than 3

mASUM methodd5€6.abl y bet ween 0.2 seconds and 1 minute
before injection into the reactor. [0120] In yet
anfoleeriare Weigh tramot Moleculae Welght\Dissxibutiore i ni ti at or and
catal yst are allowed to pre-conplex by m xi ng together

i sel egt ed di [
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is the nononer and diluent feed injection rates and

t Re Bsawy B. IR.r €haseer and|WindV. Goresslpy, Aeeriogiolegudes, Volume 34,
. et ol : _
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P or
reactor. Wthdrawal of polyner product fromthe

r §@E30pr can The palyamapprodtiad Hyythe processtafdité imgeritivm can be used

solids for intermttent wi.thdrawal or by continhuops

witt BoPidfa gty Lfppedigs g edeuss) W ly'fltl%ﬁt o PFR{FF e polymers
' S Rdrei el WL, PSR- R¥rage HIIERNLRAE AT L HRE Fr

wﬁ}e&g&ny trf/l g?é}%lﬁéé‘%?cl}l B)flrrg{l produgrtaggnd t he den%i of on

t BEO do 11,090t000) or hetpmen ifom Z00 ¢ori300,0A@ntFor low weight molecular

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

compositions, an M, of 300 to 20,000 is contemplated, or less than or equal to

10,000.

[0140] In one embodiment, the polymer produced has a weight average
molecular weight (Mw) of 40,000 or more, preferably 60,000 or more, preferably
100,000 or more, preferably 120,000 or more, preferably 150,000 or more. For
LLDPE cast grade films a weight average molecular weight of 40,000 or more is
preferred while a weight average molecular weight of 60,000 or more is preferred

for blown film grades.

[0141] In an embodiment of the invention, the polymers produced have a
molecular weight distribution (MWD), which is defined as a ratio of weight

average molecular weight to number average molecular weight (MWD =



pol ymeri zation slurry is circulated within a | oop

reactor by nmultiple punps. Typically in such an
wenhwdoyamt , the reactor volune is greater tharCRUSADS021647

gallons (75.7 kiloliters). [ﬁﬁ23] The over al

residence tine in the reactor can vary, dependi ng

upon, for exanple, catalyst activity and

c tration, nmononer.co ration,. feed injection

B DB st il B obPRaAL | Brsoms phedis g e has a
dRRIVIE @f FRhLNtuRD t¥BhIWhile RestheeafiBodi@BisWhé polymer produced
generally be between about a few seconds and five

h

asrasVwaYldof frpinghputys t9st0nween about 10 and 60 mi nutes.

A variabl e influencing residence tine is the nononer
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gﬁégiﬁ&%m.[0125] I n anot her enbodi nent, polynerization

rry 1n the reactor has a volune percent solids

greater than 50. Preferably, the volune percent solids
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t han 60, _nor referably the volume .percent solids.in
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WrAaug] Nt heTRE BEmRes bl aainvaitfa #f a bRfersddBhbeimSst have a
contal ning the captive sanple is the sane as the cross

swoltiindex ratived fisim preseraklytgreaier thanadsomorcprefsirgdy [grsper than

' ?&Cév%{l'more preferably greater that 40, still even more preferably greater than

50 and most preferably greater than 65. In another embodiment, the polymer of
the invention has a narrow molecular weight distribution and a broad composition

distribution or vice-versa.

[0145] These polymer products are also characterized as having at least 10
ppm of residual fluorine present, preferably between 10 and 10,000 ppm of
fluorine present, preferably between 10 and 1000 ppm.

Applications

[0146] Polymers produced by the process of the invention 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-



PRODUCT RECOVERY [0126] Pol yner product that |eaves
the reactor unit of the reaction system contains
wenvtemoyeadd material that shoul d be separated fPomuUSk®s/021647

pol yner. Included in this potfyner product are
unr eact ed nononers and undesirabl e hydrocarbon by
products of the reaction process. Al so included are

di | uent or sol.vent teri Is th en

topasrelf B oTeRPIh ar fRiop ot Ao Bh g oding, Ejms
%@Rl'd@ B oM ctaE‘t HRAA FSmed Hyemahs@ﬂ Hr Oy 1@EaNESY useful as
[0127] A substantial portion (i.e., a najor|ty) of the

D@W’mlnp clia Gim; trepbfdmaseating ﬁbm,toﬁ@nt@d films, spael packaging,

b di ff Ly
PRV ooty aSp el SRt by afitorth Tkl PR hhedical

gmughg 1ﬁ&1§§tﬁzmlin‘érsoﬁﬁfrﬁtﬁﬁs leyc. 610 fdododontaeg ared wéd-fooidontact
araneters includ Inaﬁt tel’rperat ure, pressure,

amlmcamqrxgu iFibeseinahudei Wmoluta% spiige 28¢ Selihlowp fiber
v e@e?ﬁ: ohis fglo %1%68 1n ova'6r ?155? g&m d g}a?cglﬁ’lfé?g dlaper fabrics,

overy s em i ncor pora use nért
t memaﬁp@mems,cgadoemuﬂs etndEstrudadzﬂl articlag mludednethd:aé mtmhg, wire
fromthe pal yner product The i

t
BRI S ERB1PS BoBRirans 214 BPr e Noflsd aifag nclude
t Bﬁﬁlgoa!nﬁ%ﬁltlgEt?&H& Eons®eidRANn ke Hﬁﬁldof Ebtﬁég ftdrfkis EREge hollow

quant driving force to separate the
naxrmeenygrérfoaxbcrqDMm'xsandtoametme pol ymer product.
Exanpl es of useful inert gases include air and
NEXIAPLEY 0129] I n a particul ar enbodi nent, pol yner
associated with entrained materials such as unreacted
ndlesefethdals dr ocar bon by- product and diluent such as
hydr of | uor ocarbon i s recovered fron1a pol ynmeri zati on

izl oo | MR eseibRRE L Bad aRg T in bRy aBHEAS M
p W%g@ﬁs tem1eikgy ans alelt i@YxEralb ?MQR?Way déteRhinge fldhithe ratio

and the polyner “and associ ated entrained materials are
sefitthd ML heagurements yat @00° Thelihéwg) tgabatcanpl®dr t€,0R.1pskg).

then input into the sy m.t o rge or drive out
t Meagemgnts d¢prersfpred gd#eg%g‘?‘ﬁérs QEWIPWF ng a purge
stream which is recovered fromthe purge

Density

[0148] Density in g/cc is determined in accordance with ASTM 1505 and
ASTM D-1928, procedure C, plaque preparation. A plaque is made and
conditioned for one hour at 100° C to approach equilibrium crystallinity,

measurement for density is then made in a density gradient column.

GPC Method - Gel Permeation Chromatography - DRI Only

[0149] This method uses a Waters 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



system [0130] Entrai ned, non-polyner product materi al
that is separated and recovered as a purge stream from
woheospodosmer product is preferably further sepRCEUS2005/021647
i nto conponent fractions or“?'plurality of streans and
each fraction or streamstored, recycled or vented
fromthe system as appropriate. It is preferred t hat

act r,be Sghara t ed
i Ao TiR5s T e a0€ RERRES v €2 SLmin. Three
@myraélep!a@moﬁ@g qveg& MBdIB ‘éthﬁidaJvefét HsRAMThR teBBniue is
conbl ned stream ininert gas is used in the

r dicenseed) i @dmmpteculgs,pwei eBfedlor heth, Phe68iRep82Qawhich is
al referably as an individual stream
alrﬁ%g?ggaée\?‘/@?eg%lg?)grefe USE in the pol ymer recovery system
and/or in the reaction portion of the polynerization
S[AHSG]n [ 01Bh¢ séparavion effidiontiynafithe colnennedet Ivae rchhliﬁmmmusmg a
t he, yneri z n reactor is flashed in a first fl

t ¥FTiFR ;96 e KD AT 500 S5 e o BB tlﬁeexwr%}si W
TRAELTo! QuARAUER GONCANINGH BhiROLY IR! cAllidUSA! Addeast 10

vaporlzed [Tquid. Flashing can be acconplished by
r mduadwa@; pplyetysane standardy, raeging frgm Mpef580 ol 95000;0@0 \egroused
tained in t

o P BestE P Flopat usee Ty BRVEERRE ToterBots btanegh from

aPQl 1 aborafosiea PAMhbist, Mﬁﬁbﬁﬁﬁ QEuib¥lchtedlurX To e Re internal
Preferably, the first flash is operated at from about

mmpséqnay,(@eeldﬁpaa)te fibcemesiad B1saph califratzpnsie pye a common
ATl B 200 A RO B S Pt b

t hestemgmng tbeﬁtermhﬁ Wohime foneactepdlystirendstangréf The ﬁbw haker

uf fjcient dinmension such as to maintain a volu
ope%%@rl tgs asgigned was 9lsp Hsedile comsst the Hepeiate when analyzing

3
SHEHS, Pkt 1% B RSP i v 2L chibpn
vamve i G |\c$urre|temri<m cohinia) uisugmerasab dyateedrding) the retention

Lrenrera? gw pegl% n fhetlﬁ%[ signal for each PS standard, and fitting this data set

to a 2 nd -order polynomial. Polystyrene standards were graphed using Viscotec

3.0 software. Samples were analyzed using WaveMetrics, Inc. IGOR Pro and

Viscotec 3.0 software using updated calibration constants.

[0151] A vpreferred procedure used in the present application for
Differential Scanning Calorimetry (DSC) is described as follows. Peak melting
point (Tm), peak crystallization temperature (Tc), heat of fusion and crystallinity
were determined using the following procedure according to ASTM E 794-85.
Differential scanning calorimetric (DSC) data was obtained using a 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



concentrated polyner effluent slurry is flashed in a

second flash to vaporize liquid. [0134] In one
wentmwdoyamt of the invention, the pol ymeri zat i 8QT/US2005/021647

effluent fromthe polynerlza%lon reactor is heated and

then sent to a flash operation.. Preferably, the

pol yneri zati on effl uent isheMedto a tenperature

beI oW ?:V{]?e é’]ff’g%Q%}”% gg@%{ gfj %{bgcta% éltrg%lcﬁﬁleoy%ltnu-gh Ealled second

eéédlum tieh Wpeher Hobg fot 5| matiesesnihedied tdWat)O‘?IIJaﬂhlfa;e of
of heat which equal s the heat of vaporization of

| 1%@/@%@. eatledvspesmdimelt.o Al the theraal eyaisamy bqthethe st ana
p ean Cgﬁy% l | geie a{g&r&f%l Se%%ﬁ}egﬁn Xerﬁ é(raﬁpé) )ﬂﬁ%'v@a{slethe geak
smqyeadt&etdf&h@ﬁieyﬁgrcus\cﬂ ardisthé rcoyntalmmnltemmramsa () avas the

centrifuge appar atus.. POLY aI Pol r .

PPRRAIETBEROIS O theneoobiBe pra- ﬁmm 1%?56%@’@1“6‘1
Ofof e ﬂ%ﬁg&l' 69/3 530 He sH&ﬁﬂ 1181t B %oﬂ@%b&t Wn16ds otherwise
products and end-use applications. The polyners

pnaetddced by the process of the invention include
linear | ow density polyethylene el ast oner s,

p L(ﬁ%gf ﬁ Ir Z n 8’23" 594116]\%%(1 R@%{%@ e;?g%ﬁ 5 n§ fﬁ’g g%galwﬁ:};#ctlﬂfated

Ofroﬁi ﬂi@dﬂéasﬁfe@fdeﬁﬁ{}eéiﬂlﬂh@rsam?legﬂid ]ﬁfﬂv@tﬁﬂémitfb@&ﬁ' crystalhne and
pol ypropyl ene and pol ypropyl ene copol yners.
[ @m@nqhotm solysthylese @Cmrémgcte dh@@qumn@()@ X (Hps 1/pa) !/ (Upe -

DAL R DRSS BRSOl B

bgndp rIHQHﬁeéjalﬁflﬁdeeg)elsbﬁﬁeﬁe&%} BirSp10 a6 gy, %ﬁdﬁ%btlﬂnt cell

in the range o 0.86g/cc to 0.97 g/cc. For sone
ap@btaﬂﬁiel density, andlppisithe athorphbes densige Tife Vfahmmf(pc g8 tafrewr to be

to 920 g/cc is preferred while in othe
ap@pp(géqm @Wgule shecrluesotila preconppihy accepted as 0.853 g/em”.

Experimental - Polymerizations (Tables 1-4):

[0153] The following experimental examples demonstrate that the slurry
phase polymerization of ethylene with supported chromium catalysts is enabled
with diluents consisting of varying levels of heteroatom (i.e. not pertaining to C or
H) incorporation. These diluents can possess a range of boiling points depending

on their composition and molecular weight.
[0154] For the examples below, the heteroatomic nature of the diluent is
defined as:

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

[0155] Thus, for a conventional hydrocarbon diluent, this value is equal to

ZEro.



and bl ow nol ding, a density in the range of from 0.930

g/cc to 0.965 g/cc ispreferred. For |ow density
woabosroeys4 such as for fil mapplications, a dereTwg26/021647

0.910 g/cc to 0.940 g/cc is'%r?eferred. Density is

measured in accordance wi th ASTM nmet hod 1505.

Mol ecul ar Wei ght and Mol ecul ar Wei ght Di stri buti on

[0138] The po ]roc SS f the
A f
?—ﬁ“ 5t ri buti ons.

i nvention can
nmol ecul ar wei ght NG AQLERPATArA 108

Fecutar WE' B (Ve gnt aver aﬁ&exﬂ!&bﬁﬁ@ﬂaﬁfre Voflilg Point (C)

oxa3 €r average nol eculr ar weipght (MVh)) ar &9

I Réataad] y determ ned using a Watersob50 Sizé¢ -12
XBdrfiioBdxakenr onmat ogr aph (SEC) lequi pped with a 59
Pdrombitiral refractive index [detector7 (DRI),| an -2
NParferccwivbaimgl € | i ght scatterling (LAULS) defect or5.&nd
u1,$.2.8.A8 hetafladbrEipancTHEC- e |Is of t #64 det ecflor  -152
al.i,b8.38 hemBuompwpades crHBe®a® T. SundSP. Brant, R -IR
hh&3,3 herdfnropyapaney o (HEC-236ea) Nhcr omod-8ul es | Vol Lifd
11,1, \pAfespflupgpprogame o F(HE@'2453‘®001\ an®4ire indor nnr]é,t_e_d__

h%F]éPfﬂPanf‘reference [0139] The pol Ohers producedz%y

i hao Pal
t r.,r cess r\'F fh‘: '“"‘:‘n*l ohR—Cah—bhe—4dHSsea—+h—a—w uc

variety of products and end-use applications.
Preferred pol ymers produced herein nay have an Mh
( EQAPOLr - avelmilee frblosdng slorryanhgr PXREAIMMALY PSR Feported in

\/\%%%PR%? %rgcf ﬁﬁ%ﬁ%@%ﬁﬁr@ %10 Ofﬁeocoﬁg&sgg ﬁctgﬂr’co I§CIV"Umts are;

I'cations, suc
Ccopai §qialso. 3BT IkPa and Uibtm e@Iailmg)laBm’a KRael oi |
conpositions, an Mh of 300 to 20,000 is contenpl at ed,

OE Igss tEan or equal to 10,000. [0140] In one

e | ymer produced has a wei ght average

mol ecul ar wei (My) of 40,000 or ef erabl y.
60133D or n@Pg’m%Vé‘fl@? SRdg ef@del@ﬂ)ﬁ’aérusﬁ%nag it ?re?‘éﬁ'r‘is‘ by
1 stﬂ‘%? p'gl?%  seREE bEEARNMs: 150D W@x?éleﬂﬁndgpﬁoh%lear
cast ade

ns a wel ght average nof ecul ar vvelg

4()Oﬁlflﬁ)ncb IC Apfodlowed fryed 600 ed colininepackes vgtht dmdeB geole sieves

mf)ln% ase rﬁc‘frﬁ'%cﬁ%h@%u%?%o%paﬁ?] snd 2 580 ec]::ecro umn packed with
dried 5A mole sieves purchased from Aldrich Chemical Company.

WOO Yo omo—

[0158] 98+% 1-hexene was obtained from Alfa-Aesar and further purified
by filtration through basic alumina (Aldrich Chemical Company, Brockman Basic
1) into a vessel containing activated 3A molecular sieve.

Catalysts

[0159] Supported chromium catalyst 969MPI was obtained from W.R.

Grace & Co. The catalyst was activated at 8159C before use.

Scavenger / Co-catalyst

[0160] Dibutyl magnesium (DBM) was obtained from Aldrich as 1M in

heptanes, and used without further purification.



for blown filmgrades. [0141] In an enbodi nment of the

i nvention, the polyners produced have a nol ecul ar
woeb@lwodi st ri bution (MAD), which is defined aBC®USA05021647

of wei ght average nolecular'ﬁ%ight to nunber average

nol ecul ar weight (MAD =- - MwW M), of greater than 1.5

to about 70. In sone enbodi nents, the polyner has a

[Mh. of fromabout 2 to 60, while in other
e BtSents the pol ymer produced has a MV Mp of from

ajpael] 5 to $9;1,3,934Rkxdorpedfane EHTIBER)twas Bbtained from
pol yol ef m produced has at [east two speci es of

nBuBentl at,lvlei gi% spenmfbiosenaenape KHER-24380)i c¥asyr@btained from
pfesen t [ a 0 i 0 0 .
SRR Py i el Rse Baned rom
d8$iQudstiLitptatofidd, Ind. RIBMrRAHE] grafeispmitymeewss gdsookeded

by the process of the invention can be produced

according tq a desired or predetermn ned [ i .
dgﬂéﬁﬂi ng u%élnalﬁ’é@i41Eﬁn§n‘ﬁgrﬁs@mﬁ%ﬁ%n8aséﬁ%oﬁh&%% sprigs of
Pgharﬁ%%'ﬁ%n RN &GidAs FPfht orMOf Mfduld Sicve@3A (3btaifRasis Aldrich
by ASTM D-1238-E, In the range from0.01 dg/mn to

10bemibg! Hompany), Mplestiler Sidve 171%ntohtsined Goml Aldgidk Ghergical

SR o8 R 5 (RS ESRE G  GPIMfh bir
akppdinduskd 394 PoRni@izaieninedidndg/ mi n. [0144] The

pol ynmers of the invention in a preferred enbodi nent

have a nelt _index ratio of from preferabl reater .
t 463bs5, noPelypresiaiion ejadgrexeny atatse o, Jafhcipugified by
p t.er S0

PSRl BbEg et Dkoles 0, X LIRS Bt
| (Oatdatd) €A )efoliodiedwryta S0hec poluynmepackéd whith drisdedAimole sieves

B BT e L o 24b0 S0 Bt i

dried 5A mole sieves purchased from Aldrich Chemical Company.

Reactor Desbrlption and Preparation

[0164] Polymerizations were conducted in an inert atmosphere (N>)
drybox using autoclaves equipped with an external heater for temperature control,
glass inserts (internal volume of reactor = 22.5 mL), septum inlets, regulated
supply of nitrogen, hydrogen/nitrogen mixture, and ethylene, and equipped with
disposable PEEK mechanical stirrers (400 RPM). The autoclaves were prepared
by purging with dry nitrogen at 110°C or 115°C for 5 hours and then at 25°C for 5

hours.

[0165] Ethylene/1-hexene Copolymerization: The reactor was prepared

as described above, and then purged with ethylene. The reactors were heated to

40°C and ethylene was first charged to the reactor.

[0166] Diluents with boiling points below room temperature were

pressurized to approximately 80 psig (552 kPag) at ambient temperature to



[ 0145] These polynmer products are al so characterized

as having at |east 10 ppm of residual fluorine
wonres®e44 pref erably between 10 and 10, 000 ppnPof/US2005/021647

fluorine present, preferabl #?between 10 and 1000 ppm

Applications [0146] Pol yners produced by the process

of the invention and bl ends thereof are useful in

produci ng any vari et f ticl F le.th .
iR S B W S0 RS B WG TPRAUBPLY ARG iy Febetor via
Mﬁ’ﬂgas f}gxgger ﬁaﬁ%g hBﬁ"t ML STRE a8l SORNbIAS tepipeRfiure and

W NnD injection nolding and rotar¥
niresburgvia siytinge. the Iamiembtfcnmh dilugm sitidéd 4trd°€ovasedlaylated to
coextrusi on or [ am nmon useful _as.s
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cEiVR gppliomlatélwb? &¥me vpimebas Aoyt for Al PS4 at the
f r
e B AT 0 R 0 s of i
paak addeddo comqienmw faf eVammrtsze lossahdamtosyaper pressuse generation

foo tac d contact applications. Fibers
ﬁﬁg%a%ﬁ%?"le %YehtﬂFH rlg'ol ution spinning and nelt

bI own fiber operations for use in woven or non-woven

f pierf 0 maka kblutien Sof dilzrede fandricasengerdi cadcatalyst at room
garnments, geotextiles, etc. Extruded artjcles |n;Hlude
sdipseature @b pepssuie was ap¥ added o b apaciys Viagivpage. The reactors

9%%{%3 h W6 Tane 36 %B&@Qt $Ehre Wsd@}jvﬁﬂe's%h&?% Lnghe! d@M

si'ngl € a ere nstrictions in t or m of
bohtd @Sprobedsklﬁmpbﬁmge dmylbma/\deimem pessure ifgi polfymerzation was

TR (o éféﬁﬁlgéﬂg%q%r%e i BT S PR OO omer,
A%E%%\é’ggg ﬁ e #ictel) - Heti'&ldﬁe 'c&ndlt'i&féx fdrakdch test are

ned fromthe ratio of the M
mklsﬂleénmﬁabieat (190 C, 21.6 kg) to that at (190 C,
2.16 kg). I\/basurerrents were started after about 6-1/2

|t 0148] ity d C:iS rmggn .
nLdl;%E or dan eﬁg&yoﬁg&w%@éﬂ axxn%é nStiglleﬁ ih toql%n% % ‘Sﬂbwnt
temperature and pressure and added to the reactors (at process temperature and
pressure) via syringe as a slurry to initiate polymerization. Amounts of all

reagents, diluents, catalysts and co-catalysts are given in Table 3.

[0169] In the nature the solutions and catalyst slurry are added via syringe,
a hexanes solution is also injected via the same syringe following their addition to
insure that minimal solution or slurry is remaining in the syringe. This procedure
is applied after the addition of the 1-hexene/scavenger/co-catalyst solution as well
as the catalyst slurry. Thus, in each case, the diluent mixture at reaction conditions

consists of approximately 15 volume percent hexane as well.

[0170] 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) O /Ar (5 mole% O,) gas



ASTM D- 1928, procedure C, plaque preparation. A plaque

is made and conditioned for one hour at 100 Cto
wapprsgagtad equi | i brium crystal [inity, neasureneRCTUS2005/021647

density is then nade in a deﬂ’smy gradi ent col um.

GPCMvet hod - Gel Perneati on Chromat ography - DRI Only

[0149] This nethod uses a Waters 150C C GPC gel

er, op chro aph equi pped, Wi th e s
GRFFBIRC A 1 S OR PRSP SRy OnttsP R oS polymerizations
dbv%feeﬁ%ﬁ%ﬁe&) ahues 'brédé?enhﬁfeﬂ&ﬁﬁmﬂﬁwenﬁﬁdurﬁfoﬂ &Ryl H&Dbeen
and that of the solvent containing the fractionated
paddedear. foT aemaxismanrids miswgs aplymesizaion timel  Phefinal quench
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ree (Pol yner Laboratories) PLgel

ed
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hﬁn érﬂﬁélﬁpaﬂéaeﬁg&uﬁ)goﬂ he colum set. At |east 10
ua pol ystyrene standards, ranging from M ~580

{010, 000, 000, e HSEghobRisUARELGAH & felitofel | Dr at i on
curve. The polystyrene stangards are ob dfrao
P¢Exareple [ abor at or i edilggtrher st, M) o*mfawﬂﬁqu MBe hCatalyst
squrce_ To assure internal consistedml) | {Ha [{(med | 5@

i 9 r‘{ﬁfrﬂ{‘fl'é'ﬁanﬁr each calibrapnt-—+uH 4;1 ;! pé a §nnr1lr~nr300

pEl_ak %OS! 113.0]? N€ Ny +tha flow ratae k§3 t-"gk\_” e—be 300
t he_dosid i 33.3%@%);@;@@6@&2’3,6553,{ 220 g [ 300
M O T A “bmaﬁéeach 149 1 804 57 | 300

v :‘\:: “;:J:I’Eélr uorohexané“ ] pUI yol. yl Ifzsol agbucl |uS e 300
F O T ‘T,ltllg,_%éptp' :nte*ﬂ‘ﬁﬁ’robr p‘éhe [—IFC'?%?@:" | Vs [T 3V HoS3d0

N

t o—correct hc ow ra Terandt yZT ng sanpl es;

t herefore, i s an_]éﬁissrlg al.. g%rtn ) 0 t he cali brati on
procedure. A cal i br Fogtv . _retention

vol une) i$ gerenglé ed | bylempa ot (ng 1 Peessupé @rib/kPag)
A 105 150/1034
B 105 440/3034
C 105 390/2689
D 105 395/2723
E 105 "~ 440/3034
F 105 440/3034
Table 4: Results
Example | Experiment # | Yield (g) | Quench time (s) | Productivity (g/g h)
A 1 0.021 2701.95 93.3
2 0.021 2702.32 93.3
3 0.02 2701.35 38.8
4 0.021 2701.66 93.3
B 1 0.037 933.799 475.5
2 0.037 885.82 501.2
3 0.037 862.721 514.7
4 0.042 960.23 524.9
C 1 0.0801 3601.21 266.9
2 0.101 3600.32 336.6
3 0.0944 3600.77 314.6
4 0.087 3601.21 289.9
D 1 0.018 2700.48 80.0




volune at the peak in the DRI signal for each PS
standard, and fitting this data set to a 2 nd -order
weoabosrvosd4al . Pol yst yrene standards were graphe#CufiSng®s/021647
Viscotec 3.0 software. Sanpl¥s were anal yzed using
WaveMetrics, Inc. 1GOR Pro and Viscotec 3.0 software
usi ng updat ed cali bration constants. [0151] A

pr ef erred—pFf

O

For [Ebmee Lipeimesls Ve s bR AR &
descrt+bed—as nglLG‘v"vS 7)' %7.7\ tret szg;ﬂ)w it |||y SfpeaK
crystattzationgt enper %I.Olilg e \ |L270021§d1 of —f US§g! and
cryst@atimnity WET e detglog] e Usigid _thg ol T o317

pr ocedure gCccor gy {0 (Ass MIE 79%5085. Ui 11 €r esiiizal
scanmnyg cglorTetT1 ¢ (oldes) [dal zyonwaes oNf al ned7dkal ng a
TA |pstrumgnts godel [ 2902 machixnel215anpl es wevodsi ng
apprioxi mat 'y 7110 ni) wese seal zdssn al jum numdsanpl e
pans| The DSC data was ooecornded 19.9firsit cooli2ag t he
sanpl e to -[500C3and f hexwsfr adualeBi29Beat|i ng i 16068 200C
at a rate df 104C/ m muto®92 cal | etP6b2¥ st nel t . SPhé

sanpl e was kept at about 2000C for 5 m nutes before a
second cool i ng-heating cycle was applied. During the
second cycle, the- - sanple was cooled from 200C to

- $0IG1pt a r The redultd AGisohrthst, prodnlldt';ﬁ*iiydet: ethgllene @blyrmﬁation

then kept at -50C for 5 mi nut@ eated to 200C a v of
a Op ApRPBted 1heomivgy cafalygsty| 1f &g %ctg PIREFSs AR 2 alilety o

“aﬁﬁa@g YRHED %érda@or{%fat Bhdrht®er id %Hdﬁiﬁﬂ RCEONEnHYEL CHIRAR of
recor he nelting tenperature (Tnm) was the peak
t deyeae abdiisebathng.he nel ti ng curve and the
crystallization tenperature (Tc) was the peak
tﬁgoeratﬁre_Ipf! the gool mg] %ﬁak' Tm Tc and heat of
f *thermal events in the
s%%ond @) and second cool unl ess otherw se not ed.

~T| nity: Weight percent degree of
cryst aI linity is calculated fromthe neasured density
of[omﬁ sarrplglgt_g@T ksapporde riionies @falgstyEAB0W caa trncbtained

ou

anor | ene accor di to th 100
Xﬁ(O;_r,? YR Gya}ge §§ pr(l]hp gatalyst was arg: 1vatgd at §155C: be |90

ore use.

[0173] 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.

[0174] Dibutyl Magnesium (DBM): The DBM was obtained as a 1M

solution in hexane from Aldrich Chemical Company (their part number 34,511-3)

and was diluted with hexane to 0.1M before use.



1/ pa), as described in the Handbook of Pol yethyl ene,
publ i shed by Marcel Dekker, Inc. In this calculation,

WO 206/009pa4 neasur ed sanpl e density, pc is the urCr/Usedob/021647
crystal line density, and rai% the anorphous density.
The value of pc is taken to be 1.000 g/cnB, while the
value of pa is commonly accepted as 0.853 g/cnB.

TR ow HexasicfRrpriar S50 %5@@63@%@#@\%{&% Otifapd from

t A€1rRhUCHhYmRAPS EoRPad P REHeTAhh® MuPibe@ tIWE0B06). Wt Rvas used as

supported chrom umcatal ysts is enabled wt h d| | uents
ctmsuvsd! ng of varying |levels of heteroatom (i.e. not
pertaining to C or H) incorporation. These dil uents

f ﬁﬁ7 8]0 SSESS Is%Pu@ﬂn%e Oifhé) SJ)BJJ@%}GF) &s'i/ealggﬁ%sggcr S‘t?gb[l%ﬁ Fg Pse%rirc]ag of

conpo
epﬁﬂﬁﬂd faﬁ&n lgeluﬁm,s onltke iweyeds Geetreadtor. MHieucotumhs whee (déc[ueﬁmlly)
i s_de |ne as at oqns per_ ol ecul e exclu

/ 133t @pleguigt saavsmselfm@s]cﬁrﬂ}@m% (SELEXEN ﬂ ﬁﬂa‘?ma and

gbgg J]%ﬂﬂm&i 'iﬁéelrzsﬁ mbl¥ Fevi@ife 8 S 19%@11 ah@ vl Sbtdiabl &om

sts exanpl es of conventional and heteroatom
crAﬂxlrauhnChgnma] Gempsny (th6i]parinnurhberf 20,8@4i hg TilleLﬁerlgxsorb CD

p se rlrren sur orted.i t h

VRS e peb T Rifeher) S SBERYE S5 PS8 Brhetp par
Snﬁmbé#y fete MafifadiuRelibyeAltsh ChemBRd éSmipkiia BidOtydédNcolumn
equal s” 101. 325 kPa. Feed and Co- nononer %2157

PtMay nbtained fioonLafr Glver, SORAI8NAVeRES, Qekland Pé%@lh Pprt number
_%?%?Bg passing it through a series of colums:
ycl ear cylinder from Labcl ear (Cakland, CA)
foIIovved by a 500 cc colum packed with dried 3A nole

s{e7@F purc E&Wlef TheretAydneé efas Elpelyincaizationgady andiwds passed
500 c¢c colum p ed.with dried 5Armet3|ev

pgﬂf@l‘%’s% §eryes &%ppp cation qolupngap t Wﬁé he reac ?or The columns

were (sequentially): 3A molecular sieves, Selexsorb CD alumina, Selexsorb COS
alumina, and Oxyclear column. The 3A mole sieves were 8-12 mesh and were
obtained from Aldrich Chemical Company (their part number 20,858-2). 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.

[0178] HFC-236fa: (1,1,2,3,3,3,-hexafluoropropane) The HFC-236fa was
obtained from DuPont, marketed as SUVA 236fa. The HFC-236fa was passed
through purification columns containing 3A mole sieves, 13X mole sieves, and
Selexsorb CD alumina. 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).



[0158] 98+% 1- hexene was obtai ned from Al f a- Aesar and
further purified by filtration through basic alum na
wOAb@roogda4 Chem cal Conpany, Brockman Basic 1) PAT@S2005/021647

vessel containing activat ed 3A nol ecul ar si eve.
Catal ysts [0159] Supported chrom um catal yst 969MPI
was obtained fromWR Gace & Co. The catal yst was

tivaI ed at 8150C before use. Scavenger / Co-catal yst
?gm butyl magnesi um (DBM was obtai ned from
Aldrich as IMin heptanes, and used w thout further

PI79) cat i oRxprinugitdlSruhd Mokt cbnducked iB,a3 1ab-scale, 2-liter slurry
hexaf | yor opr opane (HFC-236fa) was, obtained from
Depymerization reactor ysingnthgfdaseiibsdr dilusés iHA@bleask gpdyhs The
o) ' r I rf .
ool O SRR abdvEl  THOLARENAE Ruas Bibuty magnesium
LBt Ethydene andd-hdRehe/werei used aocomomadeers. s Al ekperémevis were

EErh GOt i GuBtic e BFREBTP YUl T Tadt GONK: aiiafes e time
t Aicafedah Tab1eM| Rl Rexcpleting dPetORERIpUEHCA hEBE B @hdtfoR by
Cheni cal Conmp‘ any), Mol ecular Sieve 13X (obtained from

Apassingfth catibn exstapasas)deseibgd 8bpexsorb CD (obt ai ned
fromA drich Chem cal Conpany) prior to being used as

L s B PR ek 20 ool Y Sk o Hrogen

was use
t follough by the ndditiondf theIDBWISsoIEHA (04 KxsMeE), 6as 48wt iofiddiexene
from Labc]| ear

(,@akl and, fol |l owed by a 500 cc )
c¥ldhan dak eeaf W%wt maﬁ@éEQA T enpeeiws wrreﬁ%é tqythe dspired
I )
A S InGRET DAL SR o s R AAEFIC AL Rk fesure
Clveappred im@zhyp 4y psifRe dbew theDmgadyst peas dhenafiashed epsitht256ml of

g\%‘#ﬁ@%ﬁi ﬁng? rté %n?ttlelltg ?esac%/i\gr{ aelnc{: 812%%}}1&% ﬂrgss%rne \;V{l]seglgo increased

as quickly as possible to 470psig.

[0181] During the reaction, the system temperature was maintained at the
listed temperature by means of an external steam and cooling water control
system, and the pressure was maintained at 470 psig by means of an ethylene
make-up system. (As the ethylene was consumed by reaction, additional ethylene
was added to the system automatically to hold the reactor pressure at 470 psig.)
The reaction was maintained for the time indicated, at which time the reactor was
vented to terminate the reaction. The reactor was then opened, and the polymer
product collected for analysis. Depending on the experiment, the polymer product
consisted of granular resin and/or foulant material. The granular material was
poured from the reactor, and the foulant material was scraped off of the reactor
walls and slurry agitator. The granular material and foulant were individually
weighed and analyzed for weight percent fouling, productivity (PD), density, melt
index (M1, and Mly,), melt flow ratio (MFR = MI,;/ML,), and polydispersity index
(PDI = weight average molecular weight divided by number average molecular

weight). Results are given in Table 5.



drybox using autoclaves equi pped with an external
heater for tenperature control,

gl ass inserts

WO 206600 90eLl volune of reactor = 22.5 nl), sept uRCTUS&I0S/021647
re |y||' nT Iy drqugrm ATt o geT =
mxture. arf fot fiyloetsas jard [BquilpradaviE difsesalief | 18 1
PE Kﬁﬁ?@@an el &l |E4ed RPN [ Thd=4at|8drdvds |2 = |= ¢

| éjog : . . §
werfe rled b r di wilth arv nitirdadn lat]l 11 [
119C f,045 5 Wk g [Ehe) Ga&_%EQ_Ecg_é acgr@.g[g]gEh g4 |5
Et Hy l'eae#il & [V [FEi o] =: | 2R <rledct|or]2v8d |< |=
pr et goTtgg vt
et hyl ene. el react ik, ey Heqeqd [84s499-4ndsqt Hellane | |=
wasg| f@) fuidoy C = o : [edadede. [s[lelledE [Bi|Edert dEvatiE |© |2
boi |l i nepapoi nt e] ow tlerfpdr 4t yr 4 verle |prledsyri|z4d
to ' ' PO at_[anorjernt
tenper af ur e[t IR e g [0HE [kilgdind-Abdsq qaq2 |8 | |3
merema sgque t1%| addedt|6 [FHE [Fdadt°dr [vila |sWriind&.|< |
i abd IIL; Tlt
ature P e, M & [syeijade. | cdegurt |efl2 | |2 |2
each%é ,gé F & |20je Mes leqdrdal st led=t s JGivd= [ = |= |2
thel-s o — e et—f—ch—ta
dlluemﬁamﬁ~' ' gt ] 't pe| 'pol rli'4dtfi'dn atjurje jtq' ' |
be - i e
add dﬁs@qco @v&geg 3 g § § §
vap ”ﬂW@ss S Feltefald gl2|2 |3
di | ol TI A Spr ut r |/
co- ﬁystnah Fiopind it e x| ] ]
add d“ﬂﬂ“the [ epcl of s| v e
t hepn” brough o] pf.ofeks
- - — 2 Joo |
stif riagoat [SED|HMS B s 1e S |8
et hyl e del 1 Ver vl pr egs [ et
& 0 he pr eskul e|_gEnkrs bt S neg
. — = < IR I + ) Nﬂhv—‘m
s dil ‘sﬁo,ﬁo-m@msxp 5 DA S 125 |3
e 2e ehct i bnl chndi f ar
. E =
Fndj udeg i nlholleol 19 Pl =Tl =slurfacket ledacatal s (mas |5 o
MH%,Mbﬂwwﬁﬁ@me Bl IER =8 =3 =g =g
zlelelzlslzlelclElclslzlelslglslslczlellg]g
mﬁfgm IlFlRiFIRIEREREMEIRIEEIFIE|EESBEIFER]S
[=H IoH =3 =1 =3 =3 123 =3 =3 [=H =8 [=H =3 =3 I3 1= =3 =3 =8 =8 =3 =3 =8 1=]
ﬁﬁﬂiﬁf S 0 R I [ I3 Dl ol e e (o el Bl el B (e IR el gl D2l A e el
Gouw) = SICIBIBIEBIBIEISIEBIBIZIEICIEIRIEIEIEISIE|ESIS
naa
= 222 |~ —
i sl 1Zalel2l2REREBIRIEIE]E
“fﬁiﬁo 2leilelzIRIzIRIelelelelelFBlel2lRlelelel2lE 18
alaleloloalecloleleoleclelalalclelalelc e oo |a |a |&
~llelcls Il icicslalvisisis o I=lo v |o I | | I =
Wdwey, [RISININISINIRIRIKIRIRIRIII/INSIRIIKISI]RIR]IS R =
B Gl G R R KN R R N G Bl el el Dl K R B el el e el el
owy [EEEIEEEEEEEEEEIEEEEEEIEEIEIEIEIE
EREEEEERRREERREEELERRER]
yonia Bl [BIEIRIEIE B E |=
pdues |2 QX IEIEEIEEEEEEREEEEEREERE




-55-

weloerogdde i nitiate pol ynmerization. Amounts of Parius2005/021647
reagents, d|!|heftFk, |.c Sft d co-catalysts are
givyngﬁﬁh ﬁ‘iﬁg..i§?¢ﬁ§ i |9 J%e| nature the sol utions
and BT [ir pfray add vl a syringe, a hexanes
Sol pHeRr—starsp—rRi-efet e same syringe
fol | owli® t el |BEIG ?wrﬁ Lol JEsure that ninimal
sol bt PR dr | s|0kF o [5|t ehpi Jii ib| i n the syringe. This
protedure i$ hppl|ep Rffer the pddition of the
1- hpxene/ scayvpnpeld kol Bl peskE pol ution as well as the
cat I@é‘t‘l““ﬁl ir (/[ [fh|ss)e | 2] epel® base, the dil uent
mi xpur®t tebctibnlcbnlilibnk Fonsists of
appfoxi mately|1p yo| ufeiper kefit | hexane as wel|. [0170]
Et hyl en® wape $t |olwefb [l B |{ | hr ough t he use of
conbdte# *ont f ol | pd| spl Enbi B Val ves) 't he autocl aves
dur[ng poly Lgafi pnjtp ha|lnfal n reactor gauge
pr epsweguoa+|a S 15 |9 |X IB|B|kPalp ). Reactor tenperature
was| e wor ¢d|afid|T yp|<chl | y|Trpi htai ned within +/- 1C
Pol yTET1 Zat ETE DAl L E /pddi ti on of
app é‘ﬁi”ﬁﬁ‘l"‘blg f'1J}CI)Vl |r0>l| ) I27g3p<lPat) O /A (5 nol e% O2)
gasfn xtwe {o I helabt pel ajepe fof approxi mately 30
sechnd¥oeThe poly (@13 k21 i i pef e quenched after a
prefleterm nedlTyayE 8 1Ue Hhpuht | of et hyl ene had been
added 613 f of paxi rum ¢ | 45 M@ hutes pol ynmeri zati on
tinmp. W fi{hal |glepch' {3 | f B2 | each runis listed in
Tabl eactotsivere £obled and vented. The
pol i $olatetl ff el 1hp, [ emai ning reaction
com 2 |% ¢hpved|F wEelid| Four experinents were
con{ h—eatH-cprii+praitested. Yields reported
i nc ud@m; ot bl ¢4 [P 128 | and residual catalyst.
Cat fl syt mopar ( Ay |+ $2 repot ¢d as grans of pol yner
per fgramrof FYST-PeT- 1oy (O] reaction time (g/g
hr)| Yi@l ds mﬁuwgﬁﬁmHWtymestdm
Tab exmllliamlr T oUul” ¢xpefT et $ at each condition.
Tabl ATROTIT $_¢Nar geg Y O[T gaft ors Table 3: Reaction
thumﬁ[imﬁﬁﬁgmimﬁIBHMetMt
pr ofluedi, wixt Y 101° ¢P hylene|pel yieri zat i on
o, [218 12213121218 (33
uondnpuy
Ui B P bl b Pl bl bl Pl P Dol Do
nada
aw RlEEERERE]
adteyn e ™
meieg (2212121212121 12]18
AUIXIH
glafajalalaleia o]
RIS ol o 1o [nl [=3 (a8 Lel i=!
@Wdwey RIRIRIRIR|ISIKR | |S ]S
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oy [EIEIEIEIEIEIEIEIEIE
A EEE
wonpa | &
gojdueg |~ o | e le || |2 ]2 |2

tenperature and pressure and added to the reactors (at
process tenperature and pressure) via syringe as a




on supported chromumcatalysts is enabled for a
slurry process in a variety of diluents with

wheb@rogdoni ¢ character in additie¥-to convent PONAIS2005/021647
di l uents of hexane and i sobutane. Experinental -
Pol yneri zations (Table 5): StartingMaterials [0172]
Cat al yst: Supported chrom um cat al yst HA3OW can be
0 ppned fr : I
BTGy of o REPEr Sk et OBuG A UShrolBed at o lower
1ddisite neing thofiosrinateddsy doisheion elilubmts withofiofoabisgr This heshown
st ocﬁiﬁ &mbel% 31648, and was purified prior to use by
p&<B SIY’(H 1gf§dgh a col urm of activated al umi num
oxi de, obtained from Al drich Chem cal Conpany (their

pp1g3Nunber HhQind4dwhlly Bedcpibed tieinveiteord ditwilldeatppreciated by
al um num oxi de was placed in a vacuum oven at 200 C

afhose sigedrints axhatiterimyentiouyean borerfonmegh withjma wade range of
Di.but nesi . - Tk i ned.
o DR s T VAR ORIA ekt o

(tHeahvenpont nunber 34,511-3) and was diluted with

hexane to 0. 1M before use.[0175] Hexane: The hexane

used to dilute the DBM was. ohtai ned from Al dri

ke compadoonentt (Jopaibed nEer aizo TBEaBed ly fefgrence
UREHir2 $nd1@REE YRS pribRY /@cuhRR Wnd iR testAE prS@atied NPt h8 extent
passed through a seri'es of purification colums on the
wthat tlmytahsenotémnnsist.enﬂw'éhd@lc{:j)mumh@el(lsequent ially):

13X nol ecul ar sieves, Selexsorb CD alum na, Sel exsorb
COS al um na, and Oxycl ear colum. The 13X nol e sieves
were 8 - 12 nesh and were obtained fromAldrich

Chem cal Conpany (their part nunber 20,864-7). The

Sel exsorb CD alumina (7 X 14 nmesh, no part nunber) and
Sel exsorb COS (7 X 14 nesh, no part nunber) were

manuf actured by Al coa Chem cal conpany. The Oxycl ear

col umm




was obtained fromLab Cear, 508 29th Avenue, Gakl and
Ca. 94601, part nunber RGP-R -1000. [0177] Ethyl ene:
woheos@modpsh ene was a pol ynmeri zZ8ti on grade and WaeTHAs®SMd21647
through a series of purification colums on the way to
“the reactor. The columms were (sequentially): 3A
nmol ecul ar si eves, Sel exsorb CD alum na, Sel exsorb COS
aCLAINM and Oxycl ear columm. The 3A nole sieves were
8-12 nesh and were obtained fromAl drich Chemni cal
(ieEnimo t heir part nunber 20, 858-2). The Sel exsorb CD
alumna (7 X 14 nmesh, no part nunber) and Sel exsorb
C0S ( 7AXprbéessesh prodocipg molymerbem)prisergepolmefiziog etlsdensyand
Al coa Chem gcal conpany. The Oxycl ear, col um wa .
obt ai neRfIGHR }h‘?_né’bg%né ¥ ,coélf%loﬁéfsnl \}Q%LPé?se&%oinad opgpmium
94601, RLHERE nd 1968m hQ ) 3P Ealids, wherein
(1,1, angaggts - hexaal%l uoihclc)%nrtopane) T&g&HF -Zg%fa was .
obt ai nth¢ iloentDePuntisesnat Keastdd a¥olBwyAPeehia of Thefluorinated

cont ai B RoRERETEn WGP Yol qrkEANAER, 0. 1"

Sel exsorb CD alum na. The 13X nol e sieves were 8 - 12
mesh and were obtained from Al drich Chem, cal

! : Conpan .
(Z2hei r Tharnroerssrisdr claim doavheyein the fB’loﬁ‘é‘?teﬁal?ﬁé}F?F@Irgjon Yonsists
mat er | il at &Rt EASMLGDR atom, and
purifi gégg?t‘é&ﬁfy?%%g?aﬁgé% %E%J\}g??ﬁl - E&arrpf es [0179]aom
Exper i opiidrallyatizastware dydogeuaibed i n a | ab-scal e,
2-liter slurry polynerization reactor using the
described diluents in Tables 1 and 5. The catal yst
uged Wahe d5oAes OF ichas BRMEEin THE RGAKS REATINIES hililouirsbn is
magnesi um(DBM . Ethyl ene and 1-hexene were used as
cononomresentatl [bydhe &rimmdnt €.t svherain xdg ap diteggr fgom 1 to 40,

reaction,tenperature of . 103.3 C to 110.0 C and for the
time | ﬁaﬁi&i‘{q@a aferfngegsfseOngI%ar%gni'- hexene and di | uent
were purified prior to reaction by
4, The process of claim 3 wherein y and z are integers equal to or greater
than 1.
5. The process of claim 3 wherein x is an integer in the range of from 1 to 10.
6. The process of claim 1 wherein the molar ratio of the fluorinated

hydrocarbon to the chromium is greater than 100:1.

7. The process of claim 1 wherein the diluent further comprises at least one
C; to Cg alkane, preferably at least one C; to Cy alkane, or more

preferably at least one C; to Cs alkane.

8. The process of claim 1 wherein the diluent comprises a mixture of at least

one saturated hydrocarbon and at least one fluorinated hydrocarbon



passing the purification systens as descri bed above.

[0180] For each experinent, the reactor was purged
waoizods/o9d44 ogen, foll owed by t¥e additi on of theCcDBSR005/021647

solution (0.1 nolar), O to 48 cc of 1-hexene and then

750 cc of diluent was added. The tenperature was

raised to the desired |l evel as shown in Table 5, and

et hy| ewbergasthoumaxtacleas atdengisy Bethe range pf fiom B2 &ieoes then to

7T ehot 2B R PR B T hent 10

initiate reaction and the ethylene pressure was al so
i ncreased as qui ckly as possible to 470psig.. [0181]
DR i ngThhprocesscafi daim 8 Féhersia thewnixdmwiseias i de@sipg & the range of

mai nt aj h ISt t

oxt or Py £ 185 el F R, | SRR plcRl fan b, ARERYT Bl Bymer
the pressure was nmintained at 470 psig by nmeans of an

et hyl ene nmake-up. system. (As the.ethyl ene, was consuned
Y0 cadbs Bccstth G BHAWIEH Y bEHAE TR deiPiety ¢ B Hange of
syst e”ﬁ%ﬂi ot bealibyg than el 6los NBed eaGtR! thiM QRS Welsift of the

470 psig.) The reaction was maintained for the tine
i ndi capelgmeant which tine the reactor was vented to
termnate the reaction. The reactor was then opened,
and the pol ynmer product collected for anal ysis.

DependiTRg pRitedstsT BHRET WhBRin theielup@l oompirisey O eHigtire of at least
consi sted of granular resin and/or foulant material .

The gr anwsatnraiast kydregarbes anshat kegstt ousnilegimatedaydspearbgryand
the f ' th
wnt 1 o HelqrlFRte0 i RoclfiRn IOHARRE Beavobihe DelsfPphint of the

f oul aninivare i ndi vi dual |y wei ghed and anal yzed for
wei ght percent fouling, productivity (PD), density,
nmelt index (M2 and M2 1), nelt flowratio (MFR = M 2

1%#’.' 2) fl‘h@'f)%d%Q%ij’ tERR (fjﬁi %vgeﬂeﬁld@as iR Anafed WRjdedtartviesorg tises
nol ecul ar “wei ght di vi ded by nunber average nol ecul ar
wei ght preaiee shd § wemhepeycentof the iiixbire 5. H cr J-.

13.  The process of claim 12 wherein the fluorinated hydrocarbon comprises

greater the 10 weight percent of the mixture.

14.  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.

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

greater the 5 volume percent of the mixture.

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

greater the 10 volume percent of the mixture.
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W5600Z900Z OLV[ 0182] The data further show that
wonresworv4can be produced at a%ower density usPagUSk®5/021647

fluorinated hydrocarbon diluents wi thout fouling. This

i's shown graphically in Figure 1. [0183] Having now

fully described this invention, it wll be appreciated

b7t ho$he prdcksseaf dlaim; havhgrain ethylene semprisesnt( weighhip efemore

f cesseaf alaim ‘Uhieh
ot 1 S ehNleff ot iy R0 BncRBRATRIBREE T T

scope of the invention. [0184] Al docunents descri bed
herein_are incorporated by .reference herein, including

ah$ pr T8¢ Prapessorfipim § Whstein ethy Fi%@lpﬁﬁ@c%%w'f% t 7 g more
h t : fonl j LEhat h
i scr ol oy R IS AR REARRLRLA LA NP

produci ng pol yner conprising polynerizing ethyl ene and

OB AL Y2 S F ARSI D e PEESERSE 6Lr o
sl urry oPfhe RO YRIEENSH! eﬁ@?ene%ﬁ lc8indnbdh6r SHllMefized.

conprises at |least 5 volune percent of a fluorinated
hydr ocar bon based on the total volune of the diluent.

9 oc A Bfocas Qictfi L Rokrdty i) Reis0fp 0| BB % or more

car bonofihemdtaneeight dfe@sllcrenddichtohbmer pdlgwerigsdd
optionally at |east one hydrogen atom 3. The process

of claim1l wherein the fluorine containing hydrocarbon

1§11 ep"rﬁg g&;@gg Wertiher Gpath 3in Qﬁ'é%%m‘ffﬁ@és%ﬂ‘w’éighf %8Br more
I nt eger om1l to 40, and vy ang Z are’I ntegers of at
| east ofithe tdtal Weightpfetgdeneaihd chmionvBerpdymenzed. and z

are integers equal to or greater than |

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

greater than or equal to 75°C.

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

greater than or equal to 95°C.

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

greater than or equal to 110°C.

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

greater than or equal to 125°C.

26.  The process of claim 1 wherein the polymer has a heat of fusion greater
than or equal to 10 J/g.

27.  The process of claim 1 wherein the polymer has a heat of fusion greater
than or equal to 40 J/g.



5. The process of claim3 wherein x is an integer in

the range of from1l to 10. 6. The process of claim1l
wohevomioyost he ol ar ratio of t4e fl uori nated hydcoaaeisn2ics?

to the chromumis greater than 100:1. 7. The process

of claim1l wherein the diluent further conprises at

| east one Cl1 to C40 al kane, preferably at | east one Cl

t 28. 02on pmess afrclaior & wheedie thrpglyater hans theanef fusiopgreater

C8 aIk Igewpbocess of claim1l wherein the

di | uen aﬂ8ﬁﬁpp S8R xture of at |east one saturated

hydr ocarbon and at | east one fluorinated

hydr ocar bonV\/nerei n the m xture has a density in the

range of fromO0.2 g/cc |less than to /cc at er
tFhn t Rle geEacsss §f JHm haviseey s polymeriias grlwefeg‘fﬁam greater
claim xture has a density in the range
of fro%a%{agég‘}agt&MS than to 0.1 g/cc greater than
the density of the polyner. 10. The process of claim9
rein the mxture h s a de e _ran

0585 o Precgs Gy o veiistih Jpt bOlypin e o ARG fion SBhier

denschaizgforte 18P130E. 11. The process of claiml

wherein the diluent conprises a mxture of at | east
one saturated hydrocarbon and at |east one fluorinated

hydr oc bon and r I
of Eat ey AR os il L UREleFE pol b A bR ERERIAFER from
pr ocesgt gfené hﬁjofpoldudmﬁrgeeantbrttm cfrl dqaali to d0%g
hydrocarbon conprises greater the 5 wei ght percent of
the m xture. 13. The process of claim 12 wherein the
f bijor ' Tﬁé ?{jocgé'sdd'ﬁﬁzﬂ %P@h@&%b%%ﬁyn%qﬁ& %fysfa!ﬁﬁnfleienved from
ent of the m xture process
cI a| m a:th\ylme éncorpionationi dfigecuter dloanpori esjgsl ta 200t ur e of at
| east one saturated hydrocarbon and at | east one
fluorinated hydrocarbon and the fluorinated

?%2! OCEHD BRI dIARS] SheRkPhetpasymlertak URRtPRTifAdYIved from

ethylene incorporation of greater than or equal to 30%.

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

ethylene incorporation of greater than or equal to 40%.

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

ethylene incorporation of greater than or equal to 50%.

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

olefinic unsaturation and are capable of insertion polymerization.

37.  The process of claim 36 wherein the one or more comonomers are selected
from linear, branched, or ring-containing olefins having up to 30 carbon

atoms, and combinations thereof.



m xture. 15. The process of claim 14 wherein the

fluorinated hydrocarbon conprises greater the 5 vol une
woenm®maeo4of the m xture. 16. -Bhe process of cl aRCMUS2005/021647

wherein the fluorinated hydrocarbon conprises greater

the 10 vol unme percent of the m xture.17. The process

of claim 1l wherein ethylene conprises 50 wei ght % or

md8.e ofhe meoqesg of clabn @it whereint ﬂiylogn@ran@lremmmms selected

pol yme 18.. Th cIa m 1 wherein

ethyleﬁ7 8ﬁﬁ¥?§ §§B¢§Qg§$ @P% ?% of the total

wei ght of ethylene and conpnoner polynerized. 19. The

process of claim 1 wherein ethylene conprises 85

wdPght Ths @roaesy ef elrim g whersin e 8tor JROKSt JRIeEIes selected

conono e e process of claim1l

wher ei Q[%gilﬁl?e{ayge[dé leh%glseﬁg% wei ght % or nore of the

t ot al melght of ethylene and conononer pol yneri zed.

21. The_ process of claim 1 wherein ethyl ene conprise

o80uei ah? DIRCSHS FHoFLEIT 6 PHISTA i O gRYTe o mAPR e o ude at

and copm ynerized. 22. The process of claiml

whereln t he 66 yner has a nmelting tenperature of

greater than or equal to 75C. 23. The process of claim

1 erein the po nper at ure

Al ?hmaw Sl 1 e el S ST RE R BbaEr e srigsted
1 wher gioth ke dﬂ@EﬁBolﬁlﬂﬁo@tléﬁ?bﬁd Miktheepestedfur e of
greater than or equal to 110C. 25. The process of

claim1 wherein the polynmer has a nelting tenperature

Of42 gre ?‘hwhrc;cggsno alﬁquﬁfi)}mnrgfrh tﬁg gxc&ce% {:a-\rrggd P{lﬁﬁe«isﬁoﬁ)feactor

claim erein the po usion
greater than or equal to 10 J/g. 27. The process of
claim]l wherein as a heat of, fusio
g|4éat e he process o ct]alm ? v%lhereln e process is carried out in a stirred tank

reactor.

44.  The process of claim 1, 42, or 43, further comprising continuously
discharging a portion of the slurry from the reactor as polymerization

effluent.

45.  The process of claim 44 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.

46.  The process of claim 45 further comprising condensing the vapor obtained

in the first flash without compression.

47.  The process of claim 46 further comprising operating the reactor at a space
time yield greater than 2.6 Ibs/hr-gal (0.316 kg/hr-1).



than or equal to 40 J/g.28. The process of claim1
wherein the polynmer has a heat of fusion greater than
wonomsgagi44t o 70 J/ g. 29. The -‘#rocess of cl ai m PCHMUSL@®5M21647
the pol ynmer has a heat of fusion greater than or equa
to 100 J/g. 30. The process of claim1l1 wherein the
ymer_ has a heat of fusion greater than or equal to .
1% J/ §he grocesshel ¢pign dd Svhrelg|the geastafre opeiatedra a space time

pol yme 12kl om et hyl ene
|ncorpg%g%?gﬁéo ?gg?gﬁx%ﬂggggggg&ﬁgp1to 10% 32. The
process of cl a| m 1 wherein the polynmer has

st a |n|t ived from et hyl ene, i ncor tion
#ar arhe Risiber el 4B oViROR e Feveins 15, BRS¢ s fime
1 wher gief drBfePBby TBIbYYBS AN SHSkE/MmALY y derived from
et hyl ene incorporation of "greater than or equal to

30% 34. The process of claim1 wherein the pol yner

135, L 15 e P AL Pt

cl ai m golwher golidst e aPRyite fladtn shronyls hadeal Bhémbéiedsﬂ vig¥cient
from et hyl ene i ncorporation of eat er than or _equal
t o 509slinmgsionruch ap de dBaippince yolme ghaplymer splidsywryin the

mor € CQ&PW%&&B&%&&&I&H& HeSAL gé??t' on and are

capable o nsertion pol ynerlza I on. The process
of claim 36 wherein the one or nore connnoners are

oF b1 | nDhERPER A5 Sa e Mo NEE RO e VAR AT 5 the

ther eOﬁolﬁengﬁﬁ)nﬁhﬁﬁeﬁﬁthQfea%?is"@rgﬁeﬁ”lﬁﬁ[?(D n the one or
more conbnoners sel eécted fromlinear or branched C3 to

2 alpha oleflns 39. The process of cIa|n137 wherein

| d_f N
G a pRaE ren St AR T SyRERE oY ORE, RraeT adidn the
t he ongolgmeARAtRNGRITBMTEE feabid€ isugdeatétthan 60.

53. The process of claim 52 wherein the volume percent solids in the

polymerization slurry in the reactor is greater than 70.

54.  The process of claim 45 wherein the first flash is operated at from about
140 psia (965 kPa) to about 315 psia (2172 kPa).

55.  The process of claim 45 wherein the concentrated polymer effluent and

vaporized liquid are continuously separated.

56. - The process of claim 45 wherein the concentrated polymer effluent slurry

is flashed in a second flash to vaporize liquid.

57.  The process of claim 45 wherein the vapor from the first flash is

condensed by heat exchange.



| east one polyene. 41. The process of claim1l wherein

the one or nore conononers are selected from
woyadrsmosmbons, pol ar noi eti es®-and ni xt ures t hecewm’s2005/021647

42. The process of claim1l wherein the process is

carried out in a loop reactor. 43. The process of

c% V\herel %fthe process js. carried out in
s?9-r r edhg BrRcesscfctlaim 424whemm the robaaerizrtion 51%3'118 Greulated

or 43, WftHﬁlttﬁﬁ EOOECI'@M&S&P);% ﬁ@ﬂ%ﬁ@g@é’ﬂd?’wgégéﬁqﬁé (a8 r Yolume

portion of t lurr

pol yrreiSigzaltcrdhamZ(f(DQ!bguﬂonQGS Thidoligersess of cl aim 44
further conprising flashing the polymnerization
effluent in a first flash to vaporize from about 50%

t50.abovhe pRRUWROEf Elafin| 450RirtheFREMpPARE IREGLY GR polymenzatlon
concentrated polymer effluent and vaporized I|iqurd.

46. Thefflgewcess of claim 45 further conprising
condensi ng the vapor obtained in the first flash
wi t hout conpression. 47. The process of claim46

f 60.t heThepispéss Dif R FOrvaidreig th&ﬁol&ﬁr@ﬁﬁ&fon&ifﬂ@erﬁ ReleRted to a
time yield greater than 2.6 | bs/hr 316

kg/ hr - tfPP&@g urg Rgloy; the Sisiongemppraiure zrgthﬁmb@mr t he

reactor is operated at a space tine yield greater than
3.0 I bs/hr-gal (0.360 kg/hr-1). 49. The process of
chlai m T8 pheess of chénr@hetherein sthez) namﬁityobfal’heaa sapplisd to the

t at er .t han 3.
k Ig;nli r g C)qymslgza%?ﬂ PPt s &t ﬁrasa |ear% tgsth% ﬂ‘t‘aﬂ’é‘FY of heat which
conpr i &jual tA A& Géﬁ%glzﬁﬁ&f%fttﬁg llﬁmﬁ%edlﬁrﬁ%ﬂpisyc%[e flashed

solids to a second flash through a seal chanber
uffldméhqﬁﬁﬁﬂ@ﬂ5|on such as to maintain a volune of
pol ymer solids/slurry in the seal chanber sufficient

to maintain a pressure seal. 51. The process of claim

862. 42, Tl prédess 0h Elafth A4 tWirale (e BOIRREICRIHS 8R! seffrated foR€the

diluent with a centrifuge apparatus.

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

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

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

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

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

pressure of from 1 to 100 atmospheres.

66. A process for producing a polymer comprising reacting ethylene and
optionally a comonomer in a medium containing hydrofluorocarbon or
perfluorocarbon in the presence of a chromium catalyst system to form a

slurry of polymer in the medium, and recovering the polymer.



pol ynerization slurry in the reactor is greater than

50. 52. The process of claim5 1 wherein the vol une
woen@m94sol i ds in the pol yme#i zation slurry i RCTUS2005/021647

reactor is greater than 60. 53. The process of claim

52 wherein the volune percent solids in the

polymerization slurry in the reactor is gre?ter han
7.~ 5ATheTprecess of edaimo§6 wherck 1S CRRONEMAT {shie!qofqdsirom one or

about 8 P L 3155 TR ARRCh (R Rd tifor

wherein the concentrated pol yner effluent and

vaporized liquid are continuqusly separated. 56. The
F1% 0 S ERGSATOB ¢4 0ir LS. i AYRETN {1eco1ie OB 4 PO RRPIRTF gicielected

effl ueﬂ&mﬁb&é {G’z h@‘if} lo[?_ﬁ%ﬁ&léd%l}ﬁla&ﬁ@ﬁ’&dan@rﬁ‘i%ﬁtréé)therepﬂ

vaporize process of claim45 wherein
the vapor fromthe first flash is condensed by heat

exchange. 58. The _pr.oce of claim wherein

p%?'yrren?]ilez REoqsE Of (p |56§ E’L?rgﬂ’l Qeeéﬁwl%th?oﬁg thsgg Fagolpe)aSt one
react Ofydp¥f1dBtbédrbd£ PUMPS and wherein the reactor

volune 7s greater than 20,000 gallons (75.7

kiloliters). 59. The process of claim45 further

R

ef fl ueﬁérﬂilgrobg@bﬁ,d to a tenperature bel ow the fusion
tenperature of the polymer. 61. The process of claim
60 wherein the quantity of heat supplied to the

e y me}t’l‘hg gﬁd an, &f é\],hﬂﬁ% drS7(RtwieP@R th& dHadnt tlrthdtadomprises at
quantity ‘Feat I ch equal’'s the heat of vaporization
of t helcastgmed; e dl,yiatkae, preférably at Isastfdngghde Ganalkfe, or more

pol yrePrGgRY S e DESuiat 88U e Bm the dil uent i th a
centrifuge apparatus.
72.  The process of claim 66 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/cc greater than the density of the polymer.

73.  The process of claim 72 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.

74.  The process of claim 73 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.

75.  The process of claim 74 wherein the process is carried out in a loop reactor

or a stirred tank reactor.



63. The process of claim1l wherein the pol ynerization

is carried out at a tenperature of from Q0C to about
waQosm0Ra4. The process of clH@tm 1 wherei n t hePCT/US2005/021647

pol yneri zation is carried out at a tenperature of from

greater than 30C to about 1800C. 65. The process of

claim1 wherein the polynerization is carried out at a

pT@ssuFlee pfoctssoof ¢lainy 7000irtereempasiag copinuonsly, diseghpsging a

for producing.a pol I .CONPLI S] AR ene

and opbHRaPRR SRy T FRA A IR AATADH B,

hydr of | uor ocar bon or perfl uorocarbon in the presence

of a chrom um catal yst systemto forma slurry o .
péT.yneFhy Arackes e i 76 e cQuRHsing fosung 611% ae'{wwzatwn
The pr af g0 i2d RolYboaP TBAAEHOLE100% of th
sel ect%@@@&%%ﬁ%ﬁ‘gﬁ%ﬁ&%@%% gro%ZOOI ?mr, b?anche&o ©
or cyclijuid moedingr® producd xéncemsated epbofer eBuertramd vaporized
process af claim67 wherein the one or nore conpbnomners
are sell@fled from C3 to Cl2 linear or branched

al pha-ol efins and m xtures thereof. 69. The process of

claim 66 wherein the diluent conprises at |east one
h{8ir of Thopacesshdielaitnd]7 fnbeneamepstsingofondensing tbe vaperebitzned

the diluen rises at | east one perfluorocarbon.
71. Th@‘g‘F&%E@W@P‘éﬁ%eSS’I”“7o, wherein the dil uent
further conprises at |east one Cl to C4 al kane,

preferably at |east one Cl1 to C20 al kane, or nore
p781 er Abe progess| o shaimotieludhen compgispgoRgERling she repgtor at a space

proces f . ' [l .léjﬁﬁl" onpri ses a

m xturgim%fwgb%kéé}aeg?hﬁggdasaﬁr%ﬁeﬁj%y oc1 rbon and at

| east one fluorinated hydrocarbon wherein the m xture
has a density in_the ran of fromO0.2 g/cc less than..
800" 2 TGF eocret Bk A RHENdUR ST Jp SEREIHO R s time
73. Th%eﬁ’}@?ié?th% 34 lg,fgm_égl (080 RL/Arijie mixture has a

densi t he range

81.  The process of claim 80 wherein the reactor is operated at a space time

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

82.  The process of claim 81 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.

83. The process of claim 82 wherein the volume percent solids in the

polymerization slurry in the reactor is greater than 50.

84.  The process of claim 83 wherein the volume percent solids in the

polymerization slurry in the reactor is greater than 60.



fromO0.1 g/cc less than to 0.1 g/cc greater than the

density of the polyner. 74. The process of claim73
wohersmospst he ni xture has a deffsity in the rangecofustwsntiecs?

0.05 g/cc less than to 0.05 g/cc greater than the

density of the polyner. 75. The process of claim74

wherein the process is carried out in a |oop reactor,

o85.a sThe recesari elatiat ¥  Whereirhibepyelupes pereent| sglids7in the
furthe [.8] t j hkfig a portion

of 1 ner P RRRG ROl HakE K BLaGRET0D 2 o
effluent. 77. The process of claim 76 further

conprising flashing th ol ynerization effluent ip a
OO B0 SO0t DS R Bhe 6% ARl e, sbou
of the1h¢géia@bdmﬂa T bRoR1329 e (Snagnyr ated pol ynmer

ef fl uent and vaporized liquid. 78. The process of

claim 77 further conprising condensing the vapor

obt ai n in the first flash w phout c ressi

THE pr aBegtodst Bl KRR FARERLPeCRRSH eGP ey pfisat and
t he reqgidizedliqlidPEEEtinLOTLY sepafht@l eat er than 2.6

| bs/ hr-gal (0.316 kg/hr-1). 80. The process of claim

79 wherein the reactor is operated at a space tine

¥§§| d Hhé ?}oecre?st @f&gai% 86 L&&\Z&fﬂ ﬂgza(!o Chiel &gmgf éﬁluelﬁjslurry

€ process o [ erein the reactor”i
oper at eédflahedinspsecend flash tyivepatizglmaidr than 3.3
| bs/ hr-gal (0.395 kg/hr-1). 82. The process of claim8
1 further conprising discharging fromthe first flash

ggby ”E'Thé?fnjog&fst&f RUaPAC 8P dwhdramh e K pEN fidnS 8 first flash is

anmber of” sufficient dinension such as to maintain a
vol une cafidepsddybrycheas etchdsges| urry in the seal chanber
sufficient to maintain a pressure seal. 83. The
process of claim82 wherein the vol une percent solids

i ?O't hg gﬂae | ptodsst 30kiaA B Whekid thel pilyieagdion shargieaiaiated
an .
within the loop reactor by multiple pumps and wherein the reactor volume

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

91.  The process of claim 89 further comprising heating the polymerization

effluent.

92.  The process of claim 91 wherein the polymerization effluent is heated to a

temperature below the fusion temperature of the polymer.

93.  The process of claim 92 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.

94,  The process of claim 93 wherein the polymer solids are separated from the

diluent with a centrifuge apparatus.



84. The process of claim 83 wherein the vol une percent

solids in the polynerization slurry in the reactor is
wQonremtoeyd4t han 60. 85. The proc®ss of cl ai m 84 wWReTAISEN05/021647

t he vol une percent solids in the polynerization slurry

in the reactor is greater than 70. 86. The process of

claim83 wherein the first flash is operated at from

a®out Tho ppwiess ¢ eBink 94) wherelhhgtpodysernizatign (i ariedppyt at a
87. Th f ' 3 ' h d
poi y o PTBRRRERE Danto Subarrunt o iegpE BRNER: TG,

separated. 88. The process of claim87 wherein the
concentrated polymer effluent slurry is flashed in a
s@@ondThe pudressools alabn i fewhergi the mOymetigation Js cggriedrout at a

claim 88 whergin th the first flash is
condengrgas%?c’ﬁ%%?l 1et§clpg%§{é9gpb%&me process of claim

75 wherein the polynerization slurry is circul ated
within the loop reactor by multiple punps and.wherein

t & r eBhe procgss|af laimP4gyhsieia thnﬁﬁwnﬁ&%@en@&ﬂ%ﬂ% as a delta
(75.7 ] @Li&lgﬁ $doc.91. The process of claim89 further

conpri sing heating the polynerization effluent. 92.
The process of claim9 1 wherein the polynerization

effluent is heated to. at erature.bel t he. f usi
i or A Brogesb(i0f REodygig g pEmieRgink fhilie and
92 whepghdhalldeotianthété &méRAkers URPIheeprebdhct N6f a supported

polynmerization effluent is at |east equal to that i
quant i throofiutheatalyshbystene gadi dileens thfoam ao¥lusyy ebpelyaer sefids,

of the_liqui diumwhi.ch is. t in the
first 5%91(.1% 1 l{é:ogllpgcszeessasﬁ% I&@F%Hl?{dg%g%%g'rei n the

pol ymer solids are separated fromthe diluent with a

centrifuge apparatus.95. The progcess of claim94
wH@r ei Ahe peocss Giralainy 2R Whereinsthe gilpent fughgr compgises at least one

Lg@ﬁ;?&t#{%?edofhy&{o%ﬁ]bQQOt ?m‘ﬂp %tm&%g éi} iam ltegsq B¥ saturated
hydrocarbon and at least one fluorinated hydrocarbon wherein the

fluorinated hydrocarbon comprises greater than 5 weight percent of the

mixture.

100. The process of claim 99 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.

101.  The process of claim 99 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.

102. A process for producing polymer comprising polymerizing ethylene and
optionally one or more comonomers in the presence of a chromium
catalyst system and a diluent to form a slurry of polymer solids, wherein

the diluent comprises a fluorinated hydrocarbon.



96. The process of claim94 wherein the polynerization

is carried out at a pressure of from1l to 100
wabomapyates. 97. The process®f clai m 94 wher eC/uSh®s/021647

pol ynmer containing diluent has a delta Tm |l ess than

1Q0C. 98. A process for producing polynmer conprising

pglg%msri zing ethylene and optionally._one or nore

c

nomBe ProGess 9 Glates dAsewhsreln Bepfibient FORmMISeA afleast one
cat al yﬁ&dﬁﬁﬁ%ﬁ@&l‘&gﬂ a diluent to forma slurry of
sol I ds,

pol ymer erein the diluent conprises a
fluorinated hydrocarbon. 99. The process of claim98

whereip the diluent. furgh i . :
ek a6 PRRASFTEEFBER 108 o 0t AhewriR b Augrnged padieparbon is
one saldiabRd BYANOERLRND e FawheRRsk i988 bR Idalad 40,

hydr ocarbon wherein the fluorinated hydrocarbon
conpr i sedy gné atare intdgars of atdshsjlenc.per cent of the

m xture. 100. The process of claim99 wherein the

m xture has a density in the range of from0.20 g/cc

| @65 t I1a8 pistets alclaint Co4ivbatcti v hdn drditelesns equal of o Heater
pol ymer. fOl. The process of claim99 wherein the

m xt ur &hards a density in the range of fromO0.05 g/cc

|l ess than to 0.05 g/cc greater than the density of the
pol ymer. 102. A process for producing pol yner

caofr i Thagrqpebsyofinlaim P whdryinené antagpt incthakdngef éroor 1 to
nore copononers in the presence of a chrom um cat al yst
system nd a diluent to forma sl urry of polynmer

solids, wherein the diluent conprises a fluorinated

hydr ocar bon. 103. The process of claim 102, wherein the
dilDGen{The prigaess ef claim |186 sthernie they Averite eaptairiag dydrocarbon is

104. Th rocess of claimil r 103 wherei e
fluori ﬁ%{x@a&’ h@%ﬂl olig. QL mote 9? 1 group cogsrl&ln% E)P 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.

108. The process of any claims 102 to 107, wherein the diluent comprises at

least one perfluorocarbon.

109. The process of any of claims 102 to 104, wherein the diluent further

comprises at least one C; to Cy alkane.

110. The process of any of claims 102 to 109, 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/cc greater than the density of the polymer.

111. The process of claim 110, wherein the diluent comprises a mixture of at

least one saturated hydrocarbon and at least one fluorinated hydrocarbon



represented by the fornmula: CxHyFz wherein x is an

integer froml to 40, and y and z are integers of at
woeastoomae. 105. The process - clai m 104 wher eCT/Ug2@8021647

z are integers equal to or greater than | . 106. The

process of claim 105 wherein x is an integer in the

range of from1 to 10. 107. The process of claim 106

wher ei Whetsin the mktunehasondensity igthp yanes o4 fi9gn 0ilg/cc less than to

sel ect 0 n consi sting of:
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1,1,1, 2-tetrafl uoroet hane, 1, 1 1,3, 3-

Ei{] Q;? |f l’urgq(;) g%%refsggfﬁglg c:{'aélﬁla 10’23 tc|>3 ?1{ fﬂel%g&lotg uent comprises a
2, 3-di Hb{)g@&d@feéff 1L4406 @emu%téa%yd}&%rboﬁ%dmt Q646 8nd Hludiiated

cI ai s er eln the diluent conprises at
| east bydropebéd wheeia theomixture has ﬂd@npt}bmetbs rarigeaefyfierh 0.05

compr 6 et Phtap Qe hroaty” Baplo i) b Borymer.

process of any of clainms 102 to 109 wherein the

di l uent conprises a mxture of at |east one saturated
hy 83.0c Thp erocasrdofany ebelainsnt02f oyl Mdersin glxlee opwrises 50

0.2 g NS ELbI RS SRR bY el Pich Fpd EiffHer T O
density of the polymer. 111. The process of claim 110,
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range an to 0.1 g/cc greater
than the density of the pol ymer . 112 The process of

| ai ns 10 he di 0
cd¥sri Ths bt bl Th WHEEET oBlehe mutFt 85 weight % or

hydr OCHROBf BB Gotal whighEsf ARgerlel daalcbAdheslehydrocar bon
wherein the m xture has a density in the range of from

0. 05
116. The process of claim 115 wherein ethylene comprises 90 weight % or

more of the total weight of ethylene and comonomer.

117. The process of claim 116 wherein ethylene comprises 95 weight % or

more of the total weight of ethylene and comonomer.

118. The process of any of claims 102 to 117, wherein the polymer has a
melting temperature of greater than or equal to 75°C.

119. The process of claim 118 wherein the polymer has a melting temperature
of greater than or equal to 95°C.

120. The process of claim 119 wherein the polymer has a melting temperature
of greater than or equal to 110°C.



g/cc less than to 0.05 g/cc greater than the density

of the polyner. 113. The process of any of clains 102
woaodshagsnher ei n et hyl ene corfffi ses 50 wei ght Y€0USKME21647

of the total weight of ethylene and conononer. 114.

The process of claim 113 wherein ethylene conprises 75

wei ght _% or nore, of the total i ght of ethylene and
cotbnokBF Propgss ofeaing |4t w. ey the i ypmor f1ps g iiing temperature

et hyl egp%&%{gﬁ@%lzﬁge 1 1eiBkE Y or nore of the total

wei ght o nd conononer. 116. The process of
claim 115 wherein ethylene conprises 90 wei ght % or

nore of the total wejght of ethylene and comonongr.
1372- THbe progess agy oL faims @éoa%éﬂ@hqﬁe@tthwgoﬁ@egﬁas a heat of
conpri ﬁg&nﬁe%@@mof/@q%lmm/ f the total weight of

118.

et hyl ene and conononer. e process of any of
claims 102 to 117, wherein the polynmer has a nelting

t erature of ater .t han .or. equal to 75C. 119..The
ot b o0 Sheprospss dhelit T2RaP BrR bery grghBre it &7 Hisiqh Fgeter
t enper tadlop cQial & £RY/8r than or equal to 950C. 120. The
process of claim 119 wherein the polynmer has a nelting

tenperature of greater than or equal to 1100C. 121. The
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pr ocesthaafor aqyal & 7€J/gi s 102 to 121, wherein the
pol ymer has a heat of fusion greater than or equal to
10 J/g. 123. The process of claim 122 wherein the

Pghy e ifaf 124Uzt IhERSIG et HAY Riat S8 Hitior Sreat
0 g e B o T i A RO TR Bt RS Bt Sfflor freater
pol ymethahas equahéat 0¥/ gf usi on greater than or equal to

70 J/g. 125. The process of claim 124 wherein the

pol ymer has a heat of fusion greater
126. The process of claim 125 wherein the polymer has a heat of fusion greater

than or equal to 130 J/g.

127. The process of any of claims 102 to 126, wherein the polymer has
crystallinity derived from ethylene incorporation of greater than or equal to
10%.

128. The process of claim 127 wherein the polymer has crystallinity derived

from ethylene incorporation of greater than or equal to 20%.

129. The process of claim 128 wherein the polymer has crystallinity derived

from ethylene incorporation of greater than or equal to 30%.

130. The process of claim 129 wherein the polymer has crystallinity derived

from ethylene incorporation of greater than or equal to 40%.



than or equal to 100 J/g. 126. The process of claim

125 wherein the polynmer has a heat of fusion greater
wohars/oov94equal to 130 J/g. 127 The process of pampsefos/021647

claims 102 to 126, wherein the polyner has

crystallinity derived from ethyl ene incorporation of

greater than or equal to 10% 128. The process of

cl3i-m Thy pm@s&epﬁql@ é@l%ﬁé‘?mﬁh@ pe}wrahalmqaiy&t@lhmty derived

derive than or

equal % &28%}1%&5%&&? rah@l‘}:gf;@% ?lgglog%%&ig)a%%er ein

the pol ynmer has crystalllnlty derived from et hyl ene
orpo ation of greater than aqr._eq 30%

pr GBRBLCET AL FAY At dodsdieriilale ersléutﬁﬁa? I¥fpgE s a MWD
crystaﬁhhghk&eggﬁbﬁpp5gg@@1ethylene i ncorporation of

greater thanor equal to 40% 131. The process of claim
130 wherein the polyner has crystalllnlty derived from

V! 755 bR Ru E’S‘afwfgﬂ S Bt R 52D fa % ranae of

wher ei gofnheg Bt yner has a in the range of from1l.5
to 4.0. 133. The process of clai m 132 wherein the
pol ymer has a MAD in the range of from1.8 to 3.0.

1%“?& ?{] oREST cPa1mcll3?§@e}e$.ﬁ H%&Orlgﬁélgr Itlagea Wqﬁnthe%ﬁge of

e ran ss of ‘any
clalnsﬁ&ﬁQL9ﬁ3134 wherein the one or nore conbnoners
contain olefmc unsaturation and are capabl e of
insertion polynerization. 136. The process of claim

1885, \Mf'ﬁé ?r&:e%?%f gaﬁldef c[Bh§ 1@9”&”@@?r§1h§[eﬁ-1 %1?4' 8ht &7 more

fromline br an ring-contai’ning o ns

havi ngcamporiame® confabo nleﬁnwrrsnsaanrahcmoabd g icapeble of insertion
thereof 137 The process of claim 136, wherein the

one or? t8iBnoner s sel ect ed

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

carbon atoms, and combinations thereof.

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

from linear or branched Cs to Cyg alpha olefins.

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

from linear Cs to Cg alpha olefins.

139. The process of claim 135, wherein the one or more comonomers include at

least one polyene.

140. The process of any of claims 102 to 139 wherein the one or more
comonomers are selected from hydrocarbons, polar moieties, and mixtures

thereof.



fromlinear or branched C3 to C2 al pha olefins. 138.

The process of claim 137, wherein the one or nore
woanwrovmess sel ected fromlinBar C3 to C8 al phaCT/US2005/021647

ol efins. 139. The process of claim 135, wherein the

one or nore conononers include at | east one pol yene.

140. The process of any of clains 102 to 139 wherein

the one or nore conmononers are selected from

hygr oc I Letd ! ' : .

Cher cof "R RE il ol B2 (oRG, FhfLh! 68 chrpmium cgigiyst i

wher ei supphgedhr om um cat al yst i s supported. 142. The

process of claim 141 wherein the chrom um cat al yst

system conprises a supported chrom um catal yst and a

cogat arNSprocdd 3¢ clhllf 101 Q4RESn He APYMRM ShAyFHByHhOR dbfiprises

142, wherein the chrom um catal yst i s unsupport ed.

144. Thauppodeéslyopiium catalyist a8l a gggatadish t he chrom um

catal yst system further conprises a cocatal yst. 145.

The process of claim 142 or 144, wherein the

coLnt alysprocsssaf BBy af clainky1020t6 1apganeetl 1@k chrbfffum daglyst is

process of claim 145, wherein the cocatalyst is an

al uni NWRUEBRESund of the formula Al R nX3-n, where X is

a hydride or halide, R is a Cl to C12 alkyl, and nis

an integer of froml to 3. 147. The process of any of

cl4d. ms THO Pracesslaftslaimh 4 i wheréie the oh®asuinscatayst isgsteraufiirther

in a loop reactor. 148. The process of any of clains

102 t oCOAHISCHALPA YT he process is carried out in a

stirred tank reactor. 149. The process of any of

claims 102 to 148, further conprising continuously
145.  The process of claim 142 or 144, wherein the cocatalyst is a metal alkyl or

organometal.

146. The process of claim 145, wherein the cocatalyst is an aluminum
compound of the formula AIR",X3.,,, where X is a hydride or halide, R'is a
Ci to Cy; alkyl, and n is an integer of from 1 to 3.

147.  The process of any of claims 102 to 146, wherein the process is carried out

in a loop reactor.

148.  The process of any of claims 102 to 146, wherein the process is carried out

in a stirred tank reactor.

149. The process of any of claims 102 to 148, further comprising continuously
discharging a portion of the slurry from the reactor as polymerization

effluent.



di scharging a portion of the slurry fromthe reactor

as polynerization effluent.150. The process of claim
wa486/00vs her conprising flashng the pol yneri pariusz05/021647

effluent in a first flash to vaporize from about 50%

to about 100% of the liquid nmediumto produce

concentrated pol yner effluent and vaporized |iquid.

1530 Thie prosess<f cbpime} 40, iz comprisierflashing the pplymerization
conden t; t t

T on RS, AP OB ARAT: byl BEul SR LbgR g
149 t th.lﬁd. theditthelo grodire sdmgntmpei pblyagr tdﬁﬂud’rﬁamﬂosfapahzed
a space tinme yield greater than 2.6 | bs/hr-gal. 153.

The pr®¥ds of claim 152, wherein the reactor is
operated at a space tinme yield greater than 3.0

| bs/ hr-gal. 154. The process of claim 153, wherein the
r 83lct ofhé spr@cmes atfeclaimt 1605 pfaghert compysieg ccopdesiny thérampor

3.3 I bs/ hr- [ocess of. any of clains 150

Vo 15450 EER e S et RUBHRSERRIGFG Tr om he 111 st
flash polynmer solids to a second flash through a sea
chanber of sufficient dinension such as to maintain a
vbline Tt pigsespradrany off icthéms (149 i 15 h furthsr semprisihawberating the

or oceciapr bk PR Bicts BFRE R X B kel o,

percent solids in the polynerization slurry in the

rggftor is greater than 50. 157. The process of claim
whies BioressiRd climgh2. pieesem thesigpgiesisiqperaied at a space time

polyng%hﬁ%%&ggﬁﬁ&ygbgbé %*e reactor is greater than

e process o ai m 157, wherein the wei ght
percent solids in the pol yneri zation slurry in the

ct reate 159, The rocess 0 of .
o e T Bop e P aig o efaRS e g T R Heenaceme
at fr @Qﬁg&aﬁﬂglpgm%/ f0sabout 315 psia. 160. The
process of any of clains %50 to 155, wherein the

concentr at ed
155. The process of any of claims 150 to 154 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.

156.  The process of claim 147 or 148, wherein the weight percent solids in the

polymerization slurry in the reactor is greater than 50.

157. The process of claim 156, wherein the weight percent solids in the

polymerization slurry in the reactor is greater than 60.

158. The process of claim 157, wherein the weight percent solids in the

polymerization slurry in the reactor is greater than 70.



pol yner effluent and vaporized |liquid are continuously

separated. 161. The process of any of clainms 150 to
wasaie/oodanei n t he concentrat etd-pol yner ef f | uenPCsiuseog/021647

is flashed in a second flash to vaporize liquid. 162.

The process of any of clainms 150 to 155, wherein the

vapor fromthe first flash is condensed by heat

ekthangke proesss of pey pf Jeiarssl Softo AP wheraip, thefiest diash istaperated

pol ynmeL.i [ Ly HE LY ' lated within the | oop
reacto%fﬁgﬁhﬁﬁgﬁéﬁgm%gkggﬁ%%gyaﬁérein the reactor

volume is greater than 20,000 gallons. 164. The

process, of clainmg 150 to 155, further caqnprising
het | néh‘? RECGSSY Whretyz at ickime  ¥30uéhtl 551 sderepm dhe  omeenirated

of cl ?M%@fﬂ‘ﬁ@ﬁraﬁh Q/aﬁ(!}%gp %Mft?j‘ﬁagé %(ﬁfti.n‘agusqgr E%Je'é?aﬁéd.i S

heated t0 a tenperature usion te rature
of the polymer. 166. The process of claim 165, wherein

t quantity of heat supplie o,t pol.ynmeri zation
i Conte PiSce® pAoly hOMTE ol NA [qSamHArgh dh ogpentated
whi ch gsi@bsertientRRaty i9aMRRGH hEaddndTagh td bagpohkaﬁqﬁd.
medi um which is to be flashed in the first flash. 167.

The process of claim 149, wherein the polyner solids

208, PR A RS 15Tl 144 B SE LB oo i

wher ei flashiecquleysed biyzhi e@hirgecar ri ed out at a
tenperature of from QC to about 200C. 169. The process
of clains 102 to 168, wherein the polynerization is

CR3 | é)b’ﬁ)c@s% 70% cpa/ria\lﬁsﬁll’}’[ Ghefeid {I%{Bmgizﬁaﬁgn slurrr}; is (?ér,culated

at nospneres. . process as C clai
conpr i withig thehop iregtatbyyheltipleanonmptnidoriedréiy the reactor volume

conononer in _a nedium containi ng hydrofl uorocarbon or
per f | USEEE ﬂﬁwﬁﬁHk@ﬁ@ﬁBP%sence of a chrom um cat al yst

systemto forma slurry of polymer in the nmedium and

recovering the polyner.
164. The process of claims 150 to 155, further comprising heating the

polymerization effluent.

165.  The process of claim 164, wherein the polymerization effluent is heated to

a temperature below the fusion temperature of the polymer.

166. The process of claim 165, 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.

167.  The process of claim 149, wherein the polymer solids are separated from

the diluent with a centrifuge apparatus.

168.  The process of claims 102 to 167, wherein the polymerization is carried

out at a temperature of from 0°C to about 200°C.



171. The process of claim 170, wherein the conononer

is selected fromone or nore C3 to C2 |inear, branched
wonromyoddse monomers and mi xt ufes thereof. 172. PTDAIS2005/021647

process of claim 171, wherein the one or nore

conmononers are selected fromC3 to Cl2 |inear or

branched al pha-ol efins and m xtures thereof. 173. The

process of any of clains 170 to 172 having one or nore

0 63.NeTHE P& oPEMY 10 1184, WheZeih I poRMhrittidiLis ried

out at a pressure of from 1 to 100 atmospheres.

170. A process as claimed in claim 102, comprising reacting ethylene and
optionally a comonomer in a medium containing hydrofluorocarbon or
perfluorocarbon in the presence of a chromium catalyst system to form a

slurry of polymer in the medium, and recovering the polymer.

171.  The process of claim 170, wherein the comonomer is selected from one or

more Cs to Cyg linear, branched or cyclic monomers and mixtures thereof.

172.  The process of claim 171, wherein the one or more comonomers are
selected from C; to Ciy linear or branched alpha-olefins and mixtures

thereof.

173.  The process of any of claims 170 to 172 having one or more of the features

of any of claims 2 to 9, and 45 to 73.



