WD 2006/ 009944 PCT/ 13S2005/ 021647 -1 POLYMERI ZATI ON PROCESS CROSS
REFERENCE TO RELATED APPLI CATI ONS [0001] This application clains the benefit
of Provisional Application No. 60/581,427 filed June 21, 2004, the

di scl osure of WAHAN4P09944 f ul |y i ncorporated herein by re@ETARYES2MIE D OF THE
| NVENTI ON [ 0002] This invention rel ates Fo a sl urry polynerization process
for nmaking a polynmer product. In particular, this invention relates to a
slurry polynerization process to produce ethyl ene-based polynmers using a
chrom um catal yst system andpg 7SN PROCRSR! bon as at |east a
portion of the diluent. BACK E"TNVENTTON [ 0003] Pol yneri zation
general ly i nvol ¢RpSRURITAENGE TORELATED AVPITOATIONRNONEr S L0 make a

pol ymeri c produCT. € polymerization reaction can be carried out using a
wi de variety of reactors,, .catal ysts, .an wi.de_varj.ety of .. non r feeds.
Often, |iquids, [086 uent s ag@ﬁ t°§““§?g‘°3§’ée§tf’ PHES At?BPV‘Hﬁ‘?&EZtion
reaction procesg®msgifan &l W21l 20EQ MR SibddurSofl Whiti 64 RAlyEndonforat&f fi Ci ency
of the polynerization reaction and recovery of polynmer product. [0004] In
many pol ymeri zab§r@nbpreee@sees for the production of polymer, a

pol ymeri zation effluent is formed which is a slurry of particul ate pol yner
solids suspendBEELIZOK YHEINVENRION Y ordinarily the reaction diluent and
unreacted nonomers. A typical exanple of such a process in a |oop reactor
is (_di scl osed i nfoobRigan amhis Bandation Weldles Rata sivfry pblfidizdibh, piobes dbscl osure of
whilch is incorpor.ated herein reference. Varjati.ons .and inprovenents of
such a process %ﬁg‘gﬁﬂ?feﬂ‘g&%fr ZP@%&‘@FH gy RHpR §?I%5%1119 e 2 915, 513,
3,152,872, 3, 29pel(faétizatich, ptdéksd) b3produce Hthyidnd-basdd $éHmeBusing, £ ool

3,956, 061, 4, 007,@21, 4, 12%, 29, ﬁ ég‘?) 546, 4,372, 758, fi 395, 523,

4, 424, 341, 4, 463433y Sysipoasnq 2 figerinated ydrogashpn as ot lgpftsl ppgtion of thplilueyh.g

4,690, 804, 4,737, % 4. 794 &%1%81%\ 8%6, 5,207,929, WD 2006/ 009944
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[0003] Polymerization generally involves polymerization of one or more

B
a4 —ulE A

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

efficiency of the polymerization reaction and recovery of potymer 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 ioop 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,



5,292, 863, 5,391, 656, 5,455,314, 5,565,175, 5,575,979, 5,597,892, 6,204, 344,
and 6, 239,235, the disclosures of which are fully incorporated herein by
reference. [0005) Typical exanples of such a process in a stirred tank
reactor are WHOHP6H8¥HM in U S. Pat. Nos., 3,825,524, 4, 1 SETHRWOSid7
4,492,787, the disclosures of which is™ ncorporated herein by reference.
Vari ations and inprovenents of such a process in stirred tank slurry
reactor systens are known to those skilled in the art. [00061 |In nobst

comrer ci al  scal £20k853,301656, 9,4553%4,85%5 11 99)15875,97% 8381, 8426 6 L 0v344pldy ner  and
the Iiquid medium conprising an 1 nert diluent and unreacted nononers in
such a manner t5%9-23pehs digplosurenelvhich are fully incaspprisd berelm bYSRfEERG% nat i on so

that the liquid mediumcan be recycled to the polynerization zone with

mnimal if any goes]fi cat Tiieal Theenplds Gfisteh® @iodsss U @Cktitrd Tehnk Iréagtor are
pol yneri zation processes 1S t a saturated hydrocarbon such as

[ 1
i sobut ane or sciosed nAf.3 sk Qéﬁﬁ5é’ﬁd§ﬁ?@s andeA 474 787 g disclasuten ok e

pol ymeri zat i On RKAER $ivorpofifed HERBIHArkBGnd VAANdE aft imbRNBASRY dsfierand
pressure) under which the polynerization process may be operated is limted
by fouling in tmeceﬁ@a@tnwt@ﬁnémrwtorw@mm@pwwtbqssetslﬁae thedes solids in

the slurry or deposition of polyner on the wall of the reactor nmaking it

i mpossi bl e to rpeesier thh Bed: YorRherbiaD@bE bperkifal) 4ilis \edidabie td &pargAent | Onal
operating wi ndow, a particularly favored _techni que that has been used

her'etof ore is tBpAMme; & Becbauid, medigmseompyisipgetn dpert dilugnt apsdpnrepgted 3 152 872,

mor e parti cul arfyndues SARACH M Hanhes | 12 #R! Guill "mE@ith URChtOBkpold!t & Fi 9. 2 of
that patent. In such processes the reaction diluent, dissolved nononers,
and catal yst ar®@utaminatps seéat e diquidgpediumg cubbe weetled fo thihpolpherizatiote of t he

pol ymeri zation | ‘leiﬁ.iﬁ]af‘ ﬂ"gﬂi 70 b A 0 : gﬁgﬂ) . The
produced solid %’glef.l S a gkﬁ& cucg?oé]d %r?gt ‘@Jdﬁ g%%{l{])lr'fs?g%gl urry of

pol ymer and t heolyreyizatibnmeetiessas is typicelly @eatusded hydomeerbon sush psisehwtant phg | egs of
the slurry | oo act r ' v L.odi j scharged to
a flash chanbefhex\%\‘%é%@%uéhﬁgmﬁ%ﬁggP@@#ﬁi’é etﬁ)gﬂrg{ebg%}% e%esétsjsféessuch as
about 20 psi a (destikPwjndow}.hémmperabiieandguesswthmder Which the palymenizatidn pol yner

product and recj o1 JN0 il yent . LN.to.t o] | zatd on process
are shown in U é[) &E’iat% dyN([)k." Jp 8{3%64#3%%‘3%%%%%% relﬁe g?"‘.‘%gﬁ%“%as‘? )Q Pat. No.
6, 239, 235 t 0 Hodggbmerabn af the phlgmuiRoRO0I6 ABODE A or efdsitioR 00 hdl RRdrh The

wall of the reactor making it impossible to recover the polymer product.

[0007] Within the conventional operating window, a particularly favored
technique that has been used heretofore is that disclosed in the Scoggin et al, U.S.
Pat. No. 3,152,872, more particularly the embodiment illustrated in conjunction
with Fig. 2 of that patent. In such processes the reaction diluent, dissolved
\ monomers, and catalyst are circulated in a loop reactor wherein the pressure of the
polymerization reaction is about 100 to 700 psia (689 to 4826 kPa). The
produced solid polymer is also circulated in the reactor. A slurry of polymer and
the liquid medium is collected in one or more settling legs of the slurry loop
reactor from which the shury is periodically discharged to a flash chamber
wherein the mixture is flashed to a low pressure such as about 20 psia (138 kPa).
Other preferred methods for recovery of polymer product and recirculation of
diluent back in to the polymerization process are shown in U.S. Pat. No.
6,204,344 to Kendrick et al. and U.S. Pat. No. 6,239,235 to Hottovy et al. The



continuous wthdrawal of slurry fromthe reactor instead of the intermttent
w t hdrawal nethod permts operation of the reactors at a higher solids
content which in turn | eads to econom cally desirabl e higher polyner
producti on rat¥0 8¢009%he same reactor vokume. These net REFUSOFRIF4Educe t he
cost of diluent recovery and recirculation by utilizing a two-stage flash
process wherein the first flash is perfornmed at a pressure and tenperature
permtting the diluent to be reliquefied by heat exchange w thout the need
for conpressi on.codiness withdrewal ofr durty Abmeiie ireactdr hatteaihef thexintewrittendmonomner

I ncorporation or_.mi.ni mum pol yner. product ensi.ty is . limt by foul i ng of
t he pol yner pr o&ﬂ@;fin?v%y?ﬁtﬁo* \ég(?‘(l%ro?ﬁf%?@dgfg%ﬁ’a%t%ér%laé“@fer 5%?%@% zation
Ergcess 'lt)hat | NGAidhdh itk $eallde adSomically desithble RigherGioh@ter pfodiction saé ﬂ:lri’:lt ed
ydrocarbon is shown in U S.. Patent No 3,470,143 to Schrage et al.

St T oo Tyt e S g poluan: Thee BRbuls 3158 FRlifhs ¢ f Sbgdresovery

pol ymeri zati on radedcir@iatioddy dtiigap AAkabese AL prboess Gfherbid the Fst Madked or gani c
carbon compound as, the diluent. Schrage di sql_osesgﬁ}g%i)aratipn of a boiling-

xyl ene sol ubl e (RSTRIFASH & 3Pressue gnd (pmpgiftulg PEgHLAE the terhersliapefisddy | east one

ethyl eni cal 'y ungateimhgswiiNehi @ericed for FORReRIon! OTIRE: SRRMBARUSRldGAt OMer in a
reaction zone which conprises enploying as a polynerization nedium a

f1 uorinated or gdhatche spa¥inum otpmeusES noupmatioxpor) mynimum) golyKeRABradddi ng of

bi scycl opent adi efydity ¢Almitedbly fUERE ofthe pdlirhét FrodHRRPME rdabtoPer f | UOr 0OCt ane and
thereafter the prepolynerization of ethylene at roomtenperature. [00101 US
5,624,878 di scloses. the polynerization using "constrained eonetry netal

conpl exes" of tilPO8] um arte SYampbnel molyresszation prsess that ducg thes8s for

i nproved pol ynerdrzadinet SheCMas @Ssatutdled WAFCBOL & showh MOUkdpRenadyant ageous
inislurry polynerijzation processes qmag chrom um catal ysts to provide

expanded oper at i3ftf0sifhio Sehrage eteal.ngpegificallycthe Sphwagepatent disclpsesadehordary and

expanded productsgt BbigReriZafibr! tabihn! RNGHcoRRRSds the REOSHAE HRorindRE ordahigVi ous!y
made in such processeS and the ability to I ncrease conobnoner | ncorporation

into a pol ymer cA%RPR camp@gdsthe diesrbnSehseeei digplases pieparation ofoybeilings WO
2006/ 009944 quﬁﬁ%@@ﬁﬁﬂg %@f%aer ifta slurry which comprises polymerizing at least one

ethylenically unsaturated hydrocarbon monomer to an amorphous elastomer in a

reaction zone which comprises employing as a polymerization medium a

fluorinated organic carbon compound.

[0009] EP 1 323 746 shows loading of biscyclopentadienyl catalyst onto a
( silica support in perfluorooctane and thereafter the prepolymerization of ethylene
at room temperature.

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

geometry metal complexes” of titanium and zirconium.

[0011] There are atways 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



further advantageous to inprove such processes by providing nore efficient
separation of polyner product fromthe diluent. SUVMARY OF THE | NVENTI ON
[0012] The invention is directed to a process for polynerizing ethylene and
optional Iy one"®f%P¥¢comononer (s) in the presence of FURWBWFIOHFCat al yst
systemand a diluent to forma slurry of polyner solids, wherein the diluent
conprises a fluorinated hydrocarbon. [0013] According to one enbodi nent of
the invention, the diluent conprises a mxture of at |east one saturated
hydr ocar bon and fiathet adwbtagdvas té limpiove aichdprbgesdes bar froviding enert refidient mi xt ur e

has a density in the r of fro 0.2 cc less than to 0.2 g/cc greater
than the densi tﬁeﬁﬁaﬁf"h @un%ﬁe%@& di ng to anot her enbodi ment of
t he inventi on, %E!Eﬁégﬁ ﬁﬁﬁlwl ght % or nore of the total weight
of ethyl ene and ——t rding to another enbodi ment of the
i nvention, the polynmer product has a nelting tenperature of greater than or
equal to 75C. [ (0008] Accdlihdiimgntion wrditetied tocarbrodéssrdornt padymerizingiethpdane i on, t he

pol ymer product . e i ; : J/g.
P0017] " Aceor di gt BishpRRk ofnple tPlrBRiath it drilBibedt s i G-

product has crysysdoh iamd &ydildentito fomf acmret dfpodymerisolids; phemin e dlberyr eat er
than or equal tco 100e/gah0018t]e%ﬁ% (())crdDi ng to anot her enbodi nent of the

i nvention, the SREPOr 2HOP &€ ROREPS contain ol efinic unsaturation and are
capabl e of insertion polynerization. Alternatively, the one or nore
conononers are 4e013tt ed fAcondingi treans embadigientd of dhe rivegtiang rtheidiluerd ol ef i ns

havi ng up to 30 S i I f 6/ 009944

PCT/ US2005/ 02161%{“9"%?[%‘%‘%}" |°?i!mgr%§/a%€%’rg‘1t %@Hétggos“éi%ngﬁ‘?@ %“ed\s/\égr %%ga‘{ erein the
material s stri ppbdrinated Hydmedrboh whéreindhe oaxtypabseddanbityomghe eope viafred car bon to
renove all or p%r.iaglcgcflastg?\?eantgagg’cgnf}ﬁ%\j\%@%ré&(ﬁg{y%%mpranzeQ] O her enbodi ment s

of the invention ned

[0014] According to another embodiment of the invention, ethylene

comprises 50 weight % or more of the total weight of ethylene and comonomer.

[0015] 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. Altemnatively, the one or more comonomers are selected from
linear, branched, or ring-containing olefins having up to 30 carbon atoms, and

combinations thereof.



nore of the above limtations in conbination. Any of the above enbodi nents
can use a single catalyst systemor nultiple catalysts in a m xed catal yst
system BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0021] Fi gure 1 shows pol ymner
density versus'dBU¥9%Y*for fluorinated RBydrocarbons vs.PHYERYEHEN

di l uents. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0022] This invention is
directed to a process for polynerizing nononer, preferably ethylene, and
optionally one or nore conononer(s) in the presence of a chrom um catal yst
system and a di l[¢H8} to floany of the aandjméntqodandbedhadhithbsmatemiesté@pudt he

di | uent conprises a rlnted The po de by, _the
process of thi sofﬂesgﬁ(i?tgﬁmﬁ ry%%a'éél Wﬁ?g ﬁ%l alﬂ%é’ﬁ%l hhgs wth

m ni mal foul ing fﬁnbnﬁdtﬁhy&acﬁrmn system thus resulting in inproved operation
efficiency, with low | oss of heat transfer and extended run periods. Al so,
the invention Bg@yjm des f(Stﬁertéﬁﬁ) Hiﬂn%gﬂ tfltﬁ)ét ﬁ%ol e@%% m¥qwgablrl y capabl e
of being produ n a given process Fner &8 y expan |ng t onmer ci al grade
slate froma pamdre oﬁxhaabowhxnmIls@@&ﬁ&hatﬁncﬂmdnﬁ@ehbnvambmmdl ment of
the invention, ethyl.ene 0 % or t he total weight
of ethylene and Eowﬁﬁailﬁys%e’é‘r uﬁl\?geﬂgggts\%?laﬁ‘t YStrstlﬁ?egl, alternatively
90 wei ght % or g \ffll‘ ‘“ % or m)re Under steady state
operation, the 3 e teea in the overall feed to a
react or (i.e. consuned in the reaction and excluding any recycle of
mononer) can be [B®AEi der dtigwe Jashows polyeenaersity vepus deling doh fiperinatedn t he

pol ymer product 4 005/ 021647 -6 [00241 According to
anot her enbodi @Wg%p&ggpgﬁ%e%t¢g§ﬁﬁ& e polyner product has a nelting

Brper ature of GERPARED DRSCRIPRDCOF TRE RYENR natively greater than or
equa m@mm

| to 95C, al to 110C, alternatively

greater than or to 125C. 10025 ordi ng to another enbodi ment of the
i nvention, the g ﬁ'ﬁéﬂer &qﬂﬁﬁ%§d§'eﬁ6§10 atﬁm?eﬁsstgbﬁowmm?qﬁ’%or equal

to 10 J/ g, alt eryictertbl$ kihylhie afEéptionally one or more comonomer(s) in the presence of
a chromium catalyst system and a diluent to form a slury of polymer solids,

wherein the diluent comprises a fluorinated hydrocarbon. 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 given process thereby expanding the commercial grade slate from a
particular process.

i [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.



| L

than or equal to 40 J/g, alternatively greater than or equal to 70 J/g,
alternatively greater than or equal to 100 J/g, alternatively greater than
or equal to 130 J/g. [00261 According to another enbodi nent of the

i nvention, th®Og8Is@Me+s product has crysfallinity deriv@ITUSHIHBINY| ene

I ncorporation of greater than or equal to 10% alternatively greater than
or equal to 20% alternatively greater than or equal to 30% alternatively
greater than or equal to 40% alternatively greater than or equal to 50%
(00271 Accordi npoR4] anot Reoreii @sl aveivk eﬁﬁodﬂﬂentidi\tﬁé’liﬂvaﬂwn,tﬂhepﬁl?ﬁieﬂr mor e
conononers contain olefinigc unsaturatlon and are caﬁabl I ngertion

pol yreri zat i on. plﬂﬂ?%h?ﬁaﬁwlgpﬁtmipﬁ@“% graigdhan o ey’ ﬁ?e@’ag‘éﬁl%ct ed from
linear, branchege,r ahhg-dfit @ 900 aminlildy Hdik HanUb baBO gRgepON at ons,
and conbl nati ois thereof. Alternatively, the one or norée conononers

sel ected from hlismedivelyp grebecthahadq@Btat 18520 al pha ol efins. Alternatively,
the one or nore conononers selected fromlinear C3 to Cs al pha ol efins.

Al ternatively, one ory . .oy olyiaTele I Hqﬁ S | yene.

Al ternatively, ldr?s Ione orAc(r:mr eE t‘gomno%ﬁd]%l?@ Se eg%'gﬁc?%ﬁ’r%%?’ﬁgar ocar bons,
pol ar noi eti es, pmxubt ks beabof fusior geeeter thEx engjuelstodH Jﬁgahl&mnaﬁwtmgmbrs i ncl ude,

but are not Ii ed to VI Icoho st r.s

Preferred exanp |e%“lalu Jéﬁ’%?/ngaﬁvﬁ ry a{h@% t?gO?)gi afeg]%hj"d

al kyl met hacryl i greaertﬂmmm(juaw},doaxgrghemaum gteatertll:‘anemeqmrte 1pe Eger abl e
exanpl es of suitable nononers include vinyl acetate acrylic acid,

ot hyacr y1 at e Aot ! Aergraf & AR SREHnBl G pCRMBRTER A ©

[0228] I n one eptoduhtMDrystalhmt)pdmettﬁomfethm mqomrﬁttmmnf geeatdi thewoed t owar d
a slurry polyne 0 f ing from?2
to 30 carbon a lg?’é&ie?&%l%aygge%tgﬂﬁ Jre %%%’%m, %9%68% %?ﬁeferabl y 2
to 8 carbon at onmuaIﬁbeBOB/nm&mamdylgmapaﬁmn oribqual tp 4084, hltemntmreiyl gteatet he
pol ymeri zati on %f tvvo %re ol efin nmononers of ethyl ene, propyl ene,
but ene- 1, pentene- T %g pentene-1, hexene-1, octene-1 and decene-1.
[ 0029] Clher nonomer s useful In the process of the invention include
[0027] 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. Alternafively, the one or more comonomers selected from
linear or branched C; to Cyy alpha olefins. Alteratively, the one or more
comonomers selected from linear C; to Cg alpha olefins. Alternatively, the one or
more comonomers include at least one polyene. Altematively, 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, estets, 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.



et hyl eni cal | y unsaturated nononers, diolefins having 4 to 18 carbon atons,
conj ugat ed or nonconj ugated di enes, polyenes, vinyl nononers and cyclic
olefins. Non-limting nmononers useful in the invention include butadiene,
nor bor nene, Hﬁ?ﬁ@@%gﬁfene, i sobut yl ene, ;vi nyl benzocycl FSHERE R4 enes,

al kyl substituted styrene, ethylidene norbonene, isoprene,

di cycl opent adi ene and cycl opentene. [0030] In a preferred enbodi nent of the
process of the invention, a copolynmer of ethylene is produced, where with
et hyl ene, and a [¢28bnonerin chaethbugfingnt, iiepsicess o€ thid ipheation s directddaowardg from 4 to

15 carbon atons, preferably .from4 to 12 r an referably
from4 to 8 car t?osﬁlr%tpghg[} ”PS’S?S;S} r?%?nlezo (551%?%09%}’5]%%11%&%“&& oc%ggr.ﬁtz[tg%l] I n
anot her enbodi msB0tcarbon tatvensp prefeeably Dito 1hearbonvamhs, and netrdpleferadly 2008 pr opyl ene

is polynerized with at one,additional comnoner.. optionally one f which
may be a diene, § O?S?W'aei?l%%’mtﬂ?ﬁﬁ ?m[lcb‘gg%wrgﬁ\cs%% P ?oéy%‘?’ﬁ?&?ﬁi? di nent of
the invention, tthe oflithdte BlefinGAdimeest dhylenk! pogylaie, Bitedeel Slentarel , st ur at ed
hydr ocar bon and at ieast ong fluori naéaebgﬁ%%edricar bon wherein the m xture
has a density i MPHREPELFRE. Bexeps- bppteps- Oféss than to 0.2 g/cc greater
than the density of the polyner, alternatively from0.1 g/cc less than to
0.1 g/cc greater[0829hn t heQtenmohamend udefud ip dheyprocess oflltieceinmaition dhcjuder om 0. 05

/cc less than t .05 .9g/cc greater than.,th ensity of .th | ymer. WO
8006/ 009944 PCT/‘%%%BU%S"%?&% o BIopeyResss ) digl ?‘bﬂl"}?& 4 59 28oten Bai ment of
the invention, tdosjugktédenbneonjopmed diass, polyines, wingl mbnaierd Mdsyclispifiaat ur at ed

hydr ocarbon and .at least one fluari.nated hydrocarpbqn erein the saturated
hzdrocar bon conﬂ\?qnélg@g%mn?rﬁgﬁ us"%"]v\ﬂi Pvﬁéoﬁé?@“‘%&“f%n?ﬁ%? Frgne

al ta(er natively nabfbotdadiend) ivedugitne,PeinfBabocElobuide, Biyiches] alkyblsitgtitarii vel y nore
than 10 wei ght percent, of the m xture, alternativel nore than 1 vol une
percent of the mPXE Ehylidenedorhormens, fsoprans, dic ﬁntgﬁﬁfv?laﬂwcoﬁ@t@’ént of the

m xture, alternatively nore than 10 wei ght percent of the m xture. [0034]
According to anqots®] enbddi aprdferfll érit@dinite bf ti@nprotdse oftihd &msitionnea
fl uori nat ed hydrocelrbon tis resent (l_lne& hehreac ion.m xtu({e in a mlar ratio
of at copolymer o ethﬁene 1s produced, where with ethylene, and a comonomer

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

from 4 to 12 carbon atoms, and most preferably from 4 to 8 carbon atoms, are

polymerized in a slurry process.

[0031] In another embodiment of the process of the invention, ethylene
and propylenc 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
finorinated 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, altemnatively
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.



| east 100:1 relative to the chrom um nmetal conponent, alternatively at | east
500: 1. [0035] According to another enbodi nent of the invention, the process
can be carried out in a |loop reactor or a stirred tank reactor. Wt hdrawal
of polymer pVEHI%¥bom the reactor cangbe acconpli shedBFSHGHRMHT r at i ng
the solids for intermttent wthdrawal or by continuous w thdrawal of a
portion of the slurry. [0036] Oher enbodinents of the invention are
defined by any two or nore of the above limtations in conbination. [0037]
The pol ymer nmad0083] t he @wwéisg te fanethdr senibodigient ofh the cinvastiomeitie ddwent

partoul arly | oy dangl bigsud b Al Bl LAWK B Blodlls 260k et om Lhus

resulting in inpr I'crency, W oss of at transfer
and extended rﬂnomxatendnul@ocaﬂ;bcmoyherdnethﬁmateatedbydrpwazhmd:empﬂm ntohefhpl oducti on

of polymers not t r rocess

t her eby expandi %ﬁ‘tg&c#nﬂg@%%g gragg’%Y%fgl? rom g??%celg{gy%rocess

[ 0038] | nt ﬂ.ddl t mxt;mepaltehﬂnwlgmomtfﬂlmlmwﬁghmmﬁvgfmé ﬂmnﬂeﬂaﬁgﬂyt heh t
process, e inven | des er _recov o] ocar,bons at are
recovered al ong™fF% %mm 85'? P%{J{I}ﬁq’?‘}?ﬂ? Glg‘ﬁfgi?{é %%Fﬁ?@ i&‘ﬂ Bl yneri zed
materials, for @mambﬂhémﬁmna&lmﬁaﬁwmﬁcﬁethaolmgmpemmoﬂmeﬁﬁm:epl MONONEr S.
Many  of these non- pol ymeri zed materi al s are recovered at high efficiency

%6 Nonomers andiathonondre fosSbrRERE SRR gmE S datet %Pﬁf%%ﬁg’?ri’yoﬁéﬁ‘”
gséd I n any typéluminatedmydmwqubprmmtnathbmmcummﬂm nPaafomtahiowfathe process
S o Polymer! 2 105h MLEO% o 0ReS g, more

addi ti onal nono sl?él? ne y P %%3 tesg i"hcl ude

those having from2 to 30 carbon atons, preferably 2 to 12 carbon atons,

and rore pr ef er 4MI3§] 2 toﬁﬁcmgemanaﬂnmbodin@ehﬂthmvmﬁm@dmmgnl i near,
branched or cyc | | near ch ns;
| i near, branche% %mﬂ%@%t %POBI aFtOI orgwgmgt%nch%&g?wga{;%p%ﬁegl pha onega
ol efins; I|inear ,prdduetrfodnedheoneacrtgtcdancbepmbwmhnd By copaentdatimg teesdlidsr foeycl i C

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

-
=

[0036] Other embodiments of the invention are defined by any two or

more of the above limitations in combination.

[0037] 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.



al pha olefins. Particularly preferred nononmers include one or nore of

et hyl ene, propylene, butene-1, pentene-1, 4-nethyl-pentene-1, hexene-1,
octene-1, decene- 1, 3-nethyl-pentene-1, norbornene, norbornadiene,

3,5, 5-tri met hyYQ 109¥%%he, 5- ethyl-1-nongne, vinyl nor bdRGTEROSRASH| i dene
nor bornene nononers. Particularly preferred is ethylene, either alone or
with one or nore co-nononers, to produce a bonopolynmer or a copol yner.

[ 0041] Cyclic containing nononers that can be used in the process of this

i nvention i ncl uiMommersindCemeemersont ai ni ng nononmers containing up to 30
carbon atons and non aromatic cyclic group containing nononers containing up
to 30 carbon at qagag) Sui taﬁleepﬁgeggg?tde&-gg@?&gfeﬁo%@@% NRNERERBe GRNPr i se at
| east one aromatic Structure, pre eragly romone to tﬂree, nore preferably
a phenyl, indemydnomet pelymendationoproprsp hibugitrably the yprodegrOis Ap ppliancticwent i ¢

gr oup- cont ai nin [P I I " ‘ i.zabl e
doubl e bond Suc%ﬂ:&%@?f@ﬁog’#ﬁ%@?;th fr%?gz)g{lt:ﬁgo?]l?%%r?léoggri%%@?gmggé#%%p&e w il be
pendant from t heomohommes) backbone. The aromati c-group containing nonomner
may further be substituted with one or nore hydrocarbyl groups including
but not limted 1 to AR i hagent
substitutions mg?/&g J Oi n@g&tﬂgh’fﬁ%‘%%&% ri na %u%wy%r% er3?e Hgrﬁomati c-
gr oup- cont ai ni ngtomsnprisrablychiatla icarben atbres snd mare peefeorably 2do § carben aterss. appended
Lo,a W0 2006/ 00944y Elg}i%&fé@ %{&%9 G842 Torasichh Qﬁo%ﬁ@ Bieﬁﬂsb hifiea? bkl Cor 0! €LY -
Particularly preferred aromati c nononers I nc e styrene,

al pha- met hyl st yrcgeliz, alghaokefing; lipéag thyanghedoor cydlicidefingdingar, branched| o gpdiichal ene,

al Iyl benzene, i i Vi AREL hx
4- phenyl -1 - but gﬁjgagngggﬁf%%ﬁglg%z%?g%ic&% éﬂ)ﬁ%'rﬁ’- ar Om@@&g@gﬁﬁg gr oup
cont ai ni ng nonaipha slefing f Partdulayly ipesfered tmdnemsts isrhelepat yrmapiezdisihglent,ef i ni ¢
group that is either pepdant the cyelic structure. or .is .part of the
cyclic structur é’wl’?‘ cgta’ct’y: ?2’ peg{érrleugtz‘u?g&#ﬁymg esgchoe’éenf'&r?%teéar'e'lsg%cse’tlﬁ tuted by
one or nore hydrigGandtiyfl-petenepls notbomenay iprbbthindiaws, 3|5, htriethyl-Dhexede, t59 C10 al kyl
groups. Preferre n- aromat i ¢ clic grou ont ai ni ng_nongner s i ncl ude
vi nyl cycl ohexaneeﬂlyg?'me&%wmygﬁ?m’ ?}ﬁiﬂ-@ﬁ% HEH%F“’B@W?- ?%é‘?fé’faﬂgr bonene,
cycl opent adi ene prefyteddapehglenseeither alone or with one or more co-monomers, to produce a
homopolymer or a copolymer.

(D

[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
on¢ 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 Cyg 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



cycl ohexene, cycl obutene, vinyladanmantane and the |ike. [0043] Preferred
di ol efin nononers useful in this invention include any hydrocarbon
structure, preferably C4 to C30, having at |east two unsaturated bonds,

wherein at | e&’§%2°9ﬁ#9834’6f the unsaturated fgonds are readi IRFHUTS¥P8Hat ed into

a polymer by either a stereospecific or a non-stereospecific catalyst(s).
It is further preferred that the diolefmnononers be selected from al pha,
onega-di ene nononers (i.e. di-vinyl nononers). More preferably, the

di ol ef i n nononepslymemzableiotafnic robietyi Barticulaplypnefersed anasiic proadmeerabicipd¢ hose

containing from4 car.bon _at ons, anpl es of . preferred, di.enes incl ude
but adi ene, pent 5ta¥°éﬁe“?l’%ﬂ“£9?3%¥?sé"ﬁ%“,%’ paﬁaéad]fg%wg%é’, m&gﬁog%?egh‘é]?ylﬁag%gal?%he,

decadi ene, undeahyli engene dademdehes Bspeciallyr stytereq ginamethylt styrene) clepbenydile,

pent adecadi ene, , hexadecadi ene, hept adecadi ene,  octadecadiene,, . .

nonadecadi ene, P‘&tSEea&P‘grf’gl?F E?E’f‘ﬁ??ecosglﬂ R RODEIRAS (PYEH®  BTOUR, CORINEE ene,

t etracosadi ene, nipathes pfefditdyBave REKSE Sl y@iEizableflt REOHR0H BaiSs either
oct acosadi ene, nonacosadi ene, triacontadi ene ti]?gartj cularly preferred di enes

i ncl ude 1, 6- hepPERfiERen the cyeli. simgtussar 15paft Rfothe gyelicestrogiugs: (Lheygyclifie 1. 10-

undecadi ene, 1, kinci@€darfdise e furtherlsdbstifutdasamt 8B orehyddcdrel pafigeadh ene, and
| ow nol ecul ar wei ght pol ybut adi enes, (Mwv | e;qst t han 1000 aﬁl nol). Preferred

cyclic dienes PRhoPLRASRE] t9pEniodae AR sroypsy Arsferaddameemats FUR &R ne,

ethylidene norkewEnRg dindndeRenziedgde di hxAéRREMaAS enBnyidycloheery, ring
containing diolefins wth or w thout substituents at various ring
posi tions. WO 206@motggene, pcethylidenenonyrbernesg,7  cyclopentpdions;  (cyclopepiers er r ed

enmbodi ment, t he IGRRaR, Qlobitbf, VRS Rne 8l #letket 0 the pol ymerization of
et hyl ene and one or nore C3 to C20 |inear, branched or cyclic nonomers,

preferably one or nore to Cl12 linear or branched al pha- .olefins. In a
particularly prdf¥ted g%sfaﬁr?ﬁéﬁﬂeﬂwen%%ﬂ%?ﬁﬂrm%wmg ude|aq@¥ st one

comononer havi NGydb&boa s&ﬁct&eﬁpﬁ‘éﬁ&@ﬂr@ﬁ BBy, HAViRE RN1aHRH tWodndafurafed N  at ons.
Particularly, the conononers are selected fromthe group consjsting of

propyl ene, but efderem at least yyp of dhe upsaturated bepds, gne rerdly dpcorperatedalpia = 1 and
octene-1, the npsiymer B Sfnersls BeiftEdrihoRl BteRidGredific RAAISS ﬁillt et ene- 1.
[ 0045] In anot her enbodi nent, ethylene is polynerized w at |east two
preferred that the diolefin” monomers be selected from alpha, omega-diene
monomers (i.e. di-vinyl monomers). More preferably, the diolefin monomers are
linear di-vinyl monomers, most preferably those containing from 4 to 30 carbon
atoms. Examples of preferred dienes include butadiene, pentadiene, hexadiene,
heptadiene, octadiene, nonadiene, decadiene, undecadiene, dodecadiene,
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-iridecadiene, 1,13-tetradecadiene, and low
molecular weight polybutadienes (Mw less than 1000 g/mol). Preferred cyclic
dienes include cyclopentadiene, vinylmorbornene, norbomadiene, ethylidene
norbornene, divinylbenzene, dicyclopentadiene or higher ring containing diolefins

with or without substituents at various ring positions.



di fferent conononers to forma terpolyner. The preferred conononers are a
conbi nati on of al pha-ol efin nononers having 4 to 10 carbon atons, nore
preferably 4 to 8 carbon atons, optionally with at | east one di ene nononer.
The preferred"@2PF#ers i ncl ude t he cotbi nati ons suchP@US2005/021647

et hyl ene/ but ene- 1/ hexene- 1, et hyl ene/ propyl ene/ but ene-1,

et hyl ene/ propyl ene/ hexene-1, ethyl ene/ propyl ene/ norbonene and the |ike.
[0046] In a preferred enbodi nent, ethylene is present in the polynmer at 50
mole %to 99.9 r{nwl% mmalﬂéﬁﬁaf@ﬂioyinﬁﬁt,tlﬁp&ﬂ:esscdfelnﬁfmvambﬂrﬂata‘ter ably 80

to 95 nmole % nore co ner(s) are n..t he at 0.1

nmle % to 50 nmo % &?mfﬂfé‘@%“ B’g%‘ﬁﬁ g o1 °r%1ﬁeq?r§ﬁ ‘% Igegecf nor e

preferably 2 tooydlk filohands, p?@fér%libroﬁé ef abkeycﬁtd Guzmmemoblebﬁ(nchbd)%ﬁd Accor di ng

t o anot her errbodl nt of the Inven#gre; | ene ri ses 50, wei,ght % or
nd®

more of the total*Hfi JAe wt b ¢ Gom gk FORRTEE & 75 wei ght

% or nore of theleisﬂb@co%hﬁﬁ%rh@hﬁﬁhﬁi'ﬁﬂ% cﬁﬂﬂn@@nﬁt@ﬁfablyaﬁlotﬂeédﬂﬂhl vely 85
wei ght % or nore of the total weight of et h)ﬁl ene_and conononer,
t

alternatively 9CRQHRY gPAttiexlasly, thecampomerioare slopted fEom the gipups eapsIsinEofand

conmononer, alt %r@ﬁﬁén!em‘ﬁtcﬁél wes Gy XseRiend DS -Erefiyl-bdheenk Al Shexél Ohindof
et hyl ene and conononer, Under steady state operation, t he anount of

ethyl ene in the 9c&a@erli the mpss pesfRared jgroup being hoxeperl, P@ﬁ@ﬁ‘b?ﬂd(qﬂeé&lconsuned in the
reaction and excluding any recycle of nonomer) can be considered equal to

the wei ght per cepbdspt hyl eReanbiRert dihoRiM el CthylBficOld polymeMEed 2@ O 0QSO0MS - 12-
PCTI US2005/ 02164 [00481 Accordéng t o anot her_ enbqdi rrent of the invention,

ethylene is pol GHEFR £aMHoRamRes g Rpymen ndho Risfered RABPRATITS M8 %one or

nore conononer scmnﬁﬁdmopla@hh-aleﬁntﬁa&ﬁhuﬁaﬁawﬁa@ Angl 13" LarbP aBIn€, Bbre! NSErtion
polymerization. Alternatively, the one or npre conobnoners are 'sel ected from

| i near, br anchecpfe%ﬁb]ﬁfl‘ﬁas B piamp,prienatly with gbleash gne gencgneaygmen r Hisn  at ons,

and conbi nati ONSrefeh& B9 Elyméﬂs&&‘c‘iﬂ?@%ﬂe‘é%ﬁmaﬁoﬁ?s&ﬂ%s &ﬁyléﬂéﬁﬁteﬁ@-m&%@—r S
selected from linear or branched C3 to C20 ha olefins. Alternatively,

the one or nore a@%mfwevﬂeﬂg@u@eq-bwthy}egﬁ‘pmpﬂ@&fhewetleetéﬂe@/nsmleaplef i ns.

Al ternatively, the,ph8e MdthdBee conononers include at |east one pol yene.

Al ternatively, the one or m)re conononers are sel ected from hydrocarbons;

pol ar noieties, and m xtu
[0046] In a preferred embodiment, ethylene is present in the polymer at 50

mole % to 99.9 mole %, more preferably 70 to 98 mole %, more preferably 80 to

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

to 50 mole %, based upon the moles of all monomers present, more preferably 2

{ to 30 mole %, more preferably 5 to 20 mole %.

[0047] According to another embodiment of the invention, ethylene
i comprises 50 weight % or more of the total weight of ethylene and comonormer,
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.



t hereof . Exanpl es of polar conononers include, but are not limted to vinyl
aci ds, alcohols, esters, and the like. Preferred exanples include

al kyl met hacryl ates, al kylacryl ates, al kyl nethacrylic acids and al kyl acrylic
acids. Even nb?¥H8Mér abl e exanpl es of,sui t abl e mononeP@FASOUETV nyl
acetate, acrylic acid, nethacrylic acid, methacryl ate, ethylnethacryl ate,
nmet hyl net hacryl ate, ethylacrylate and nethyl acrylate. [00491 |In another
enbodi ment, the polymer produced herein conprises: ethylene present at from
40 to 100 nol e Y0048F ef er atakbytding tb an@Rer embodindént oD e jpvention, adttiyfen6Gst 0 80 nol e
% and a second ol efi.n .nononer present at from5hto.60thrmle % referably
10 to 40 rol e oPONBFEed, WG, o5 gr FBOE oCIRPRIBPLS: oWhersiy %p‘fnleoﬁlqall?‘gea third

ol Iefi n nonomner ]I?ﬁxﬁﬁgallﬂersatcoﬁtﬁig”bﬁlfiﬁiﬁ ilﬁhaﬁilﬁitieﬁ/o arm[)gge O(fhpﬂi;lfrﬁb:iﬁseﬁibmm 0.3 to 5
nol e% nore preferably 1 to nple % Diluent 501 The diluents used in
this invention &P’&mﬁ%%EP‘F'ciAng?W‘ﬂﬁr B RCE 75 AT GIMSPOTEBIAT SPLASIE™ pr oduct s.

Use of the dil ugnéss, sraithed %Qrf_ﬁg-@bﬂtﬂﬁng)eleﬁﬂﬁhavi%f 8F RSNE sarblA dthids, laagluced
fouling, higher overall efficiencies and/ or reduced enviraonnental

I
eni ssions. The @PHbia#toas tereph AliRAEFLY: She Heer paas eqmpmpirers SERfiRLH M ons added

to the reacti on gk Gl Sradchat Cf @61UGE alph® ol e M ikedlaki®ély, Othe X6 RmAE
2006/ 009944 PCT/ US2005/ 021647 -13 npre active materials in the process to

achi eve the desicPeenomses ssispied from dineag £5 e alphpolefips. obligmatively, thy nskt i s a

hydrocarbon havigge bdnidnbfieds Gndlle 30148 Bhe B&}{)G{e; _M%&ﬁv&%%@&&%ﬁo& he di | uent
I s 'a hal ogen containing, nost preferably fluorinated ydr ocar bon, conpound,

and preferably femeuogers el gelectedniors ohyeaserbpiswenolapi meietios.e giyb anixiurss t he
polymer product wefle fei@bka 6élar WitloAGRéd MR o Hornidd ! yhual [y of
as m xtures, and can be ihcluded in a mxture wth non-fluorinat

hydr ocar bon di | @eifs,s aldohelesiesiers, mBOStHE Akeor diBvefera t ¢xamplesy drehidon,

fluorinated hydr, €l h Fed .t T
hydr of | uor ocar bgﬁ(gﬂ%érﬁaﬁ@ ?E(rg)” Wu%bg%tgsf W‘&ﬁé Hiddha alyfirytic acids.
Bven more preferable examples of suitable monomers include vinyl acetate,
actylic  acid, methacrylic  acid, methacrylate, ethylmethacrylate,

methylmethacrylate, ethylacrylate and methylacrylate.

[0049] In another embodiment, the polymer produced herein comprises:

ethylene present at from 40 to 100 mole %, preferably 50 to 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



conpounds or HFCs. The conpounds have at | east one carbon atom and at | east
one fluorine atom The fluorinated hydrocarbon can be a perfluorinated
hydrocarbon or the fluorinated hydrocarbon can optionally include one or
more hydrogeVAEBHPEM A perfluorinat edhydrocarbon i s REHUSAOFBEET bon in
which the hydrogen directly attached to the carbon aton(s) is conpletely
repl aced by fluorine. See Haw ey's Condensed Chem cal Dictionary,
Thirteenth Edition, Van Nostrand Renhold, 1997. Exanples of preferred

per f 1 uor ocar bonsdrégdtistel @ratckinle i the piates e detidve EheCdekited dnd beeficBeffect.

perfl uoroal |l canes. 05 | n one enbodj fl uorj nated hydrocarbons
are represent ed%?%ﬁﬁ# @qﬁqgah&mﬁgbo@ppg% &p folyent power. IMI&Ger from 1
to 40, alternat Ip»@éryblj‘rrmm dilvk® 202 alob@d BartAiNik Y mbstOptefedablyO flddlinated
alternatively from1l to 10, alternatlvelyfrom1t06 alternatlvelyfromZ

to 20 alternati \hgqlrycarbognpgngogn@(pn Preferphly beviey WﬂPrtBr?PBW{"S“tGWWﬁbE’E preferably

froml to 3, whgp&l o fnd §o gﬁﬂu& halheoﬂuoﬁﬁé;téd hi&@ohras fayl 5o @Rdi Nt eger
and at |east one, nore pre y and z are integers and at | east one.

In a preferred éﬁ%‘ﬂ@%ﬁmm&m@ @ d g¢n bropedudef gz ity vehaoeAsuERiint . a

m xture of fluonagtpebnllififémciralpns are used as the diluent in the process
of the |nvent|on preferably a mxture of a perfluorinated hydrocarbon and

a fluorinated hydrocarbon and nore preferably a mxture of a fluorinated
hydrocar bon. | n' (98] anot Hegcosifgode niit | YeRton: | duerinatet e dydiesasions, 99944

PCT/ US2005/ 02164rterchahfadly dredGRIDAS b Qﬁir&mﬁﬁfém%nsurﬂ?mh@r&%ﬁﬁorbdhﬁoﬂe nunber
of fluorine atons in the fluorinated hydrocarbon conpound. 10054)

Non-1imting ex&mgraadyer BFGr  Thesompoungiinaye at lseshang %@I‘)Bé@m mdigbleastet hane;
g' fZ(]- uor onet hane;ont rﬂlfohﬂé)ra@dﬁ?t hepe; ﬂut)ﬁﬁh@erdoﬁ}(ﬂ@dﬁﬂm Leah- bélidf &Hﬁﬁ&ﬁfaﬂane

,2-di fluoroethane; 1,1,1-trifl uoroethane; 2-trifl uoroet hane;
1,1, 2-tetrafl GU%@?F‘PM the flyorinated ﬁm@rbowmepw@y inglude gueporomore

"t af ) uor oet hanogend hfBlpPAQRARinaled HRESRGPRA iorcuborli LBl BBT OPane:

1,

e

1, 2-di fl uor opropane; 1, di f I"'uor opr opa uor opr opane;
1,1,1-trifluor ogwd;pgqnedxr@tlx aftached to the carbon atom(s) is completely replaced by

fluorine. See Hawley's Condensed Chemical Dictionary, Thirteenth Edition, Van
Nostrand Renhold, 1997. Examples of preferred perfluorocarbons include linear
branched or cyclic, C; to Cy perfluoroalkanes.

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

! CHF, (XID)
wherein x is an integer from 1 to 40, alternatively from 1 to 30, alternatively from
1 to 20, alternatively from I 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 is 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



uor opropane; 1,1,3-trifluoropropane; 1,2,2-trifluoropropane; 1,2, 3-
uoropropane; 1,1,1,2-tetrafluoropropane; 1,1,1, 3-tetrafl uoropropane;

- =
—h —h

I

I
,1,2,2- tetrafl uoropropane; 1,1,2,3-tetrafl uoropropane;
.1, 3, 3-tet r aMUWEWPYPane; 1, 2, 2, 3-t et r,af | uor opr opane; PCT/US2005/021647
, 1,1, 2, 2-pent af | uor opr opane,; 1 1 1 2, 3- pent af | uor opr opane;
, 1,1, 3, 3-pent af | uoropropane; 1,1, 2,2, 3-pent af | uor opr opane;
,1,2,3,3-pent af | uoropropane; 1,1,1, 2,2, 3-hexafl uoropropane; 1,1,1, 2, 3, 3-
exaf | uor opr opamgadmchrbbnas Baﬁncad ohemfahmrmpm@m of fldoribe Zatotus3indhe
ept af | uor opr opgn 1,1, 1 3, 3, 3-hept af | uor opr opane; 1-fl uorobutane; 2-
| uor obut ane; TmHPFﬂ38¢B%ﬂ¥ﬁﬁ@mp%m§ di f | uor obut ane; 1, 3-difl uor obut ane;
, 4- d quorobutane 2, 2-di fl uorobutane; 2, 3-difl uorobutane;

rifl uor olegsane; Noh lignitisg fdxmﬁple@wfaﬁlabriﬂateﬂ Cﬁyﬂ:bbzfﬂbdn@r klidane;
rifluorohut ane; trif] uorobutane; i fl uorobyt ane;
rifluoro ?raﬁlﬁﬁmf 2, %ﬂP?rP‘PF obJPg omeiqa ﬁ)“’f"éfhﬁ%ﬁ'l udrtobut ane:
-tet ra]t : ldﬁrueiguﬂaaiw 1{-:1%1;1%:0&11&@{ rlafﬂ-uﬂlﬁlalguhm&ge 1 1,1,2-trifluoroethane;
-tetrafl uyqgrobut a or obut ane;:
ety ot do bt stoinne; T 3 AP gD a2 pentafluorocthanes
-tetrafl qcﬂlﬁﬂaﬁ@&ﬁ Ziﬂuarogrogaﬂeei lﬂfﬂuUﬂbﬁgbﬂeal\qulﬂuoropmpane, 1,3-
0

-tetrafl uor obut ane; tetrafl uor obut ane;
_tetraf | dkowRORMS; 12 ,%—drﬁuamp@pmf | uok-biriAtlyeopropane;  1,1,2-

-tetraf | yonpbiphapass; 1 111 ﬂ-trﬁ'lugroﬁl%ﬁﬁn%f | Uqrz@bﬁhﬁ&@propane 1,2,3-

3-pent af | uor obut ane; 1,1 pent af | uor obut ane: 1,1, 1, 3, 3-
or obut aréfivogopopaney MLb%ﬁFﬂlaﬁ‘FW%m alb1.34etraflyorgprapagesni.&22uor obut ane:

3- pent aklighd @ 1 12%»t@trﬁ1’u&‘8£%ﬁinle“0r@ti‘$t3@%aﬂu&o]a

robutane; 1,1, 2, 4,’4-pent af | uorobutane: 1,71.3,3 penFéfluorobutane
- pent afn%?@?f-t;saﬂ@mmmnez 2,3,141, b&ﬁtpantﬂﬂm@mname 1, 11.1.23; 2, 3-

o0 et AL ) 25 g

, 4- hexdilh2,b3-otntafnmepropant; 1, 21,41,2.23dwxdflugeprbaneane; 1,11 L3;B-3, 3, 4-

obut an 4- hex r,0
, hexgl aﬁo&oéﬂgagée gi 533 3 H%ta'ﬁ%%agfr? or *obut anlé1 1.2.2,33-
hex aeptafhroadprrpames ; L;l,l 23,33~ H@pt&ﬂubtemﬁémnr abfcastetane;, 2-

b
4-
4-
% Egig"f"ﬁ’g; gtgﬂe “%m%ut%ﬂ ,1? %ﬂgo%?] a=f|832‘#% i é‘ﬁage L4
3,4

@~ - -
— -
c -

o -
o- Cc-~
o)

o -
(DNUJCD(D-b"CD(D"UJO
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o -

, 4-  ldifbsblitens; 0 B2t difhesrobiitaie; 1 zz-tﬂﬂ&rdbuhmgt alf, 1, lrrifimorobetas;
' 1,1,2-rifluorobutane;  1,1,3-trifluorobutane;  1,1,4-trifluorobutane;  1,2,2-

trifltucrobutane; 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-pentafluorcbutane;
1,1,2,2,3-pentafluorobutane; 1,1,2,2 4-pentafluorobutane; 1,1,2,3,3-
pentafluorobutane;  1,1,2,4,4-pentaflucrobutane;  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,
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PRPNRPRPRPXPRXNIPSRPNNNRPRPRPPWORRPRACT XPRPRRPRR T
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hept af | uor obut ane; 1,1,1, 2,3, 4, 4- hept afl uorobutane; 1,1,1, 2,4, 4, 4-

hept af | uor obut ane; 1 1, 1,3,3,4,4-heptaf|uorobutane; 1,1,1,2,2,3,3, 4-

oct af | uor obut ane; 2,2,3,4,4-octafl uorobutane; 1,1,1,2,3, 3,4, 4-

oct af | uor obut é‘%i“o“idﬁig“i 2,2, 4,4, 4 octaf |or obut ane; 1, 1,PCTAUS2005/024647_

oct af l uorobutane; 1,1,1, 2,2, 3, 3,4, 4-nonafl uorobutane; 1,1,1,2,2,3,4,4,4-

nonaf | uor obut ane; 1-f|uoro-2-nethy|propane; 1,1-dif|uoro-2-nethy|propane;
1

1, 3- difluoro-2-nethyl propane; 1,1, 1-trifluoro-2-nethylpropane;

1,1,3-trifluorodz; 1,2;33,ﬂ¥hy1ka;ﬂnorpb.ﬂﬁ:,e 1,314 djlﬂ%h@:aﬂac(rdﬁutnne,orret hiit ,)3;3r4epane;
1,1,1,3-tetrafl net hy 3, 3-t r I_propane;
1,1,3-trifluor olf'?a%{’ B’% {l’ﬁ3}%}€£§éﬁ‘ %(mjbutane’ EH? 4%'0'3 xaﬂ?m% &

1,1,1, 3, 3-pent aﬁllm,mshmmtmpanel 1,2,213,8hékafluorobutane; 1,1,2,2.4,4-
tetrafluoro-2-(flu ro

11T, ot ety af | dEARSRRSo! oty | b7 st

1,1-difl uorocycllgmm a,newxaﬂu&oﬂttideyornpygpgma@a.ﬁuorabﬁmeﬂ| fi,uppogenac! obut ane;
1,1, 2-

trifluorocycl obutane; 1,1, 3-t |f| roc butane , -
trifluorocycl obdigpialloroputanss 5’ tetlr M‘%&H“?ﬁ 1@},@_2,3,3,4—

tetrafl uorocycl q.bpthmeobuﬂané 2,2, a,msahtueﬁmwwumb&t ane 1111221;434,-3-
pent af | uor ocycl gbut ane; 1,2, 2, hexaf | uoroc cI obut ane , 3, 4-

hexaf | uor ocycl o@ﬁﬁt&ﬁ@mb]}t@e’z 3, 31 lblﬁé"x‘h‘f' WSt ane; bl ’?12? 31* 3 3, 4-

hept af | uor ocycl %Hhﬁd}ﬁbutdng add| tl'l°1”2i94t4méﬁﬁu$rbb{ﬁidenat ed thﬂQQQaMDO“S
described herein, those fluorinafed hydrocarbons describéd in Raynond W I

et. al., CEH MoekEuarpimtamenort 1ﬂbwyﬁéér%@ﬂ§°f°\“é§@s 1- 13BL28h%he Cheni cal
Econom cs - HandBealaciiludBl o N2 100 5 4 4nbkdngA0eneth ch | B2 5uldlat

|nc rporated herein by reference, are included. In anothér enbodi ment, the

orocarbon is m@ftﬂuambweﬁ I fetordamethylpropans; Gldh@%?rﬁleﬂiyh’@%{le Il-anot her

enbodl ment, the 25 Slefblyinvop@ied | 1201 Riffub i nB@l B driocagRps-dseful in
the process of t |nvere1’t§3|!y Snrinel udié HFClll- 2361fﬁn klg P%%Y hé WD 2006/ 009944

PCTI US2005/ ozlammylmame il Sediflingerd-(fuorometieyprapaney e x 11

navi ng the cheniaP IRl ®) 1Y Seduthorb b EhbRbus | 0= R R E‘E%Zﬁifv?ng

t he chemni cal nar(ﬁucitormethylip;-@anqgent dfthJbB-pmmfhmm-z-ﬂeth&Brdpm ng tHig,khem cal

name octaf | uor O%(t?alﬂggr%- - gﬁror%&gyl)propane; 1,1,1,3-tetrafluoro-2-(fluoromethyl)propane;
fluorocyclobutane;  1,1-difluorocyclobutane;  1,2-difluorocyclobutane; 1,3-
difluorocyclobutane; 1,1,2-trifluorocyclobutane; 1,1,3-trifluorocyclobutane; 1,2,3-
triflucrocyclobutane; 1,1,2,2-tetrafluorocyclobuiane; 1,1,3,3-

i tetrafluorocyclobutane; 1,1,2,2 3-pentafluorocyclobutane; 1,1,2,3,3-
pentafluorocyclobutane; 1,1,2.2_3,3-hexafiuorocyclobutane; 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 Cyg alkane.

[0055] In another embodiment, the commercially available fluorinated
hydrocarbons useful in the process of the invention include HFC-236fa having the



HFC- 43- 10nee having the chem cal nane 2, 3-di hydr odecaf | uor opent ane and/ or

HFC- 365nfc, all
hydr ocar bons.

per fl uori nat etv0O%06/0®4410 al kane.

not a perfluori
I's not perfluor
per f |l uor onet hyl

of these are comercially available fluorinated
[ 0056] In anot her enbodi nent, the fluorocarbon is n

odecal in, perfluoroheptane, perfluorohexane,
cycl ohexane, perfl uorooctane,

perfluoro-1, 3- difgtily e ONEX; ,@,e.nflexeﬁio%pv@raﬁw 18344 AV ARE BReRE
arly red e

perfl uorotoluene. I'n a parti’cu

r prefe

ot a

or

odi nent,; the fluorocarbon

I n anot her enbodi nent parhusziéeressocar bon i s
nated hydrocarbon.In andt her enbodi ment, the fluorocarbon

consi sts essent ingne¢ y,1di2-tetrafluofdethaney EXCH4A 2. hayipg sir chemicgheameek.1L.&ABodi ment t he

fl uorocarbon is

the fl uorocar boR

ydr ocar efit present in the’ react

PR oo dOHRCe! nalfREOhe YenchRRPInkRON 11 uel ght of

or,

preferably greaperaftuorabuidneyd-gi8t having ghefhemidal yarep ecddfborocyrdobutade, wei ght %

preferably grea
preferably grea

FEC43) e 2300 B, RIS BB Bl i

ght %
i ght %

pref erably grealFC-3d5ark, 3B ofthesglate cd¥mmpreiile nedilalle Guarddated hydracartidfs. wei ght %
preferably greater than 35 weight % preferably greater than 40 we

preferably grea
preferably grea

ol 127 o = odhmBl S Ehiclefh B ingi 1

I ght %
I ght %
i ght %

preferably greatefld hlkane3(nwesthdrtentfpdipentf the flabypcgbaaisewt § peafiudthatadi ght %
anot her enbodi nent_the fluorocarban.is present at nmore . than 1 L

based upon thg%f’% nbfﬂtaﬁ%tg?rﬁfgjrog'gﬁ gﬁs,uom?ﬁ%%?ssméﬁﬁr%gﬂvd%\@ﬂg
sol vent  pr esentpeifinodbheptane getihorohpraaé, pedlnbiymgihglet@ohekfirpedilumsiogiahe, %4

preferably greater, th 5 | ght, % pref erabl reater than 7 weight %
preferably gr eatpglﬁu?rﬁglgb'ilﬁleﬁkga?hex%}%e’ pr%efjg‘foé?ﬁéi}g'&r e alMORRRERS 15 i ght %
preferably greafpeflublflucdé Wa g artiularlp rpeéfemab kybgiigeite thet Aviocdthoei ght %

preferably greater,than 3 '%t % referably greater than 35 weight %
preferably gr eat"%‘?“‘“‘fﬁ?é??“ﬂglyﬁh ofl °°%‘(§P“2006/ 009944 PCTf US2005/ 021647 -17

preferably greater than 50 weight % preferably greater than 55 we
preferably greatf@0s7] han af aiéthegleinbddimpiiahelabdcdrbgh ¢opregent 49 adore/Bavvei ght %

preferably or eat gt Hap, B0 ANt P Aot BPR Hab a0 ON % 11

t he

present in the reactor, preferably greater than 3 weight %, preferably greater than
5 weight %, preferably greater than 7 weight %, preferably greater than 10 weight
%, preferably greater than 15 weight %, preferably greater than 20 weight %,
preferably greater than 25 weight %, preferably greater than 30 weight %,
preferably greater than 35 weight %, preferably greater than 40 weight %,
preferably greater than 50 weight %, preferably greater than 55 weight %,
preferably greater than 60 weight %, preferably greater than 70 weight %,
preferably greater than 80 weight %, preferably greater than 90 weight %. In
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 %,

ht %
ocar bon

i ght %



event that the weight basis is not named for the weight % fluorocarbon, it
shall be presuned to be based upon the total weight of the fluorocarbons,
nononers and hydrocarbon solvents present in the reactor. [00581 In another
enbodi nent t h&VQ 1006H08%4r bon, preferably fhe hydrof| uor REIUSNS/0I1647pr esent
at nore than 1 volune % based upon the total volunme of the fluorocarbon,
nononers and any hydrocarbon solvent present in the reactor, preferably
greater than 3 volunme % preferably greater than 5 volume % preferably

greater than 7v }efa@omgréare?ftﬁ&ﬁ%waghe% reream HRatdO B 5% veight' 9f er abl y
greater than 15 volune % pref erﬁg rea er than 20 volune % referably
bﬁ’ﬁ}@l‘g

greater than ZSPWM grgatep rthine ‘VearréferabWaareeef then uite weight v ef er abl y

greater than 3 &% 0 o Fﬁg@ o) ef erably

greater than 45 vo (%telg‘?g er aEFM A eater” Than %%1 %%ﬁ% %‘2 I"'g? ef erably

greater than 55\#@%&61%Wplgbﬂmlatslﬂptgﬁﬂ@dtf@rthqmaht%ﬂwpmw@ShaBIbEferabl y

greater than q)bggg%ggn 1h@ ﬂp?ﬂb‘@?‘g‘m& t}ﬁogohﬂ%rapﬁar bon is a
uorocar y e

bl end of hydro on an per uor refera
hydr of | uor ocar bdlmdrpwbanseb*enspmsemrmr&eredmn 1 vol une % based upon the total
vol unme of the hydrofluorocarbon and perfluorocarbon present in the reactor

(with the bal ang fel ng q.ﬁ HE béﬂ]btoﬁiﬁneﬁertiléu 93&/@)?1 gl%egeé.%kprﬁgl y greater

than 3 vol une % ef era y greater than 5 vo |y greater
than 7 vol unme %hydrpﬂedreqadioh,ngﬁ@ameat mdye than A v@mm,/%qdrlmoerthﬁatoyalgr eat er

than 15 vol une ¢ r &t st ?95’59 ¥ greater
than 25 vol une ‘%lun%r gftgﬁra r%cag{‘)ﬁal%]gﬂu 12%‘1%’8)’\{18 une ‘é pref Z%sg]g[l y greater
Eﬂan :Zg vo: une z)herep:rtce;‘ pmﬁindb}yg}'ﬂaatthan&wame% prdblahhrg%atepthaﬁérvalbmmy greater
an vol une r [e r greater
t hdn 55 vol une 02”’ P’Eﬁ"%@’@rﬁ‘%‘% %‘rme og haﬁ’%ﬁaﬁg gﬁer%r‘@anglrog Og‘%g%l/y y greater
t han 65 vol une %ref&@liwméﬁ PﬁlﬁianSBOﬁl‘éfethll;ﬁg-Eater fh8n POOGDimd P,y et
anot her enbodi rrent tlhe f&(g{) roca b% s of t%slonv ntlg have a
mol ecul ar wei ghtP"ENEYY & "’rrP’iﬁ B’ gfe®%r®t han 35
a.mu., and nor greferetlergadatey thine3s @bluinbr’% ﬁi@fefhbm Hreatk thafl GOheslume %,
preferably greater than 45 volume %, preferably greater than 50 volume %,

(0

preferably greater than 55volume %, preferably greater than 60 volume %,
preferably greater than 65 volume %.

[0059] In another embodiment the fluorocarbon is a blend of
hydrofluorocarbon and perfluorocarbon, and preferably the hydrofluorocarbon is
r present at more than 1 volume %, based upon the total volume of the
hydrofluorocarbon and perfluorocarbon present in the reactor (with the balance
being made up by the perfluorocarbon), preferably greater than 3 volume %,
preferably greater than 5 volume %, preferably greater than 7 volume Y%,
preferably greater than 10 volume %, preferably greater than 15 volume %,
preferably greater than 20 volume %, preferdbly 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 %.



enbodi nment, the fluorinated hydrocarbons of the invention have a MN greater
than 60 a.mu., preferably greater than 65 a.mu, even nore preferably
greater than 70 a.mu., and nost preferably greater than 80 a.mu. In still
anot her enbodiWeAW00%44e | uori nat ed hyd{ ocar bons of thePCTUSMSHOBIGAhave a MV
greater than 90 a.mu., preferably greés‘er than 100 a. mu., even nore
preferably greater than 135 a.mu., and nost preferably greater than 150
a.mu. In another enbodinent, the fluorinated hydrocarbons of the invention

have a MW great ?6061){16” 14 8& fother emBSdh&H 2L WudHiRAddShydtdtaMonsO8k @em U., more
preferably greater than 180 a.mu., even nore preferably greater than 200

a.mu., and nostnvspligmehayp|a mgleeme oighiaMW2 reater (thap 3¢ R1BH. aRefoeblitent, the
fluorinated hyd?&éfmﬂ%sogmm%fa ORI b RPb 1Al thidMo B.nf i€ 1f aRfferof from 30
e bly I'n er

a.mu. to 1000 a. mu., prefera nge of from 100 a.mu. to 500
a.mu., nore prefcomboditognt; e tfhorinatad deydrocarbens rof HgOinzentipny hayeoa 30H greptan u. , and

(00611 in yer aibeRATA Rk SRR R Ly el ke brof o sl 5

i nvention have Mommmal., indindstygefprablytgrdater the 80 amge Twftilf motheadhatlimeb0 C t o 100
C or the poly | zatid an erat ure (whi chever i ower) eferably a

pol yneri zati onn?%en%gpﬁ%ﬂ ltéy%g@arégﬁﬂf%&vqngo lﬂ)%’ﬁta WS%%%}%@?;%%]P}‘}% he nor nal
boi I i ng poi nt ofprdftrably kreates thai HH dxm, @cay hera prefeabily giehter than s axh.uf,r om - 80C
e Sty 2o RSt SR bR 0 ot s B o
preferably from : an , uori nate
hydr ocar bons of flubgnatedviggiocabondaf ehdwvertion haved 4 MW péant tiveBi0edmujan - 50C,
preferably greater ttgan -50tg?ligsless t han -éo In a fu enbodi ment, the

f1uorinated hydPEPHY geatsy 0 30 8n (305, Iyr%?aﬁeélthaﬂg‘%ﬁfearr?@“~p6‘i°ﬁt | ess

thdn - 5C, pref eficbpifgidppeitet ihaw 260 @ni 0, hifiSSodt PedteradP Greateh tiRA@28MbOdi ment ,
the fluorinated hydrocarbons of the ipvention have pormal boiling point

greater than - POES [ & erbasiyend, the flugrinated hydragsebops, o g dgvepiarn
2006/ 009944 - 193 WGH ke S£H20 Bt Bt 86 £ m.I. AV F0d alnlu. B51OERSET iﬂ(ﬂé@ﬁig@'%f‘%—mmt he

a.
fluorinated hydrocarbons of the invention have a |iquid densit 20C

(glee) of 2.0 g/l8@ 3@ @3 amuemarapreferablipn teectpgent fogsL00 ama-
preferablyl. 5 gla82y0tnd 288 prelatdy & RERAGE TP Bbm HB& 100 amu. to about 250

a.rm.u.

[0061] In yet another embodiment, the fluorinated hydrocarbons of the

invention have normal boiling point in the range of from about -100 °C to 100 °C

or the polymerization _'temperature (whichever is lower), preferably a

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.



fluorinated hydrocarbons of the invention have a liquid density @20C (gl ee)
less than 1.6 glee, preferably less than 1.55 glee, and nost preferably

|l ess than 1.50g/cc. In one enbodinment, the fluorinated hydrocarbons of the
i nvention have"@2¢ P44 density @20C (gleee) |ess than IREWSH0E2643r ef er abl y
| ess than 1.45, and nost preferably |less than 1.40g/ec. [00631 In one
enbodi nent, the fluorinated hydrocarbons of the invention have a AH

Vapori zation at the normal boiling point as nmeasured by standard

cal ori metry tecid62jues i ntdnetheraembodatntede ThiGrnatedk Bydraratbess of then 500

kJ/ kg, preferably in.the ran of 10 K] to |l.ess tha kj/ kg,
and nost prefe?na"étifmi V?ﬁéq'fl‘gﬁalél%br?%mg&f{é? ik ?rol&ﬁsegrgttéfaﬁlgﬁls‘goo I d kg.
[00641 In anot heﬁr:%pfraégr aﬁﬂfmam@dfefmlyﬁﬁ g/bf odild;suenmdorﬁegnﬁdﬂixﬁdge th@\éen_t i on )
conpri ses any caqnbination of two. or. nore fluorjnated. rbons having the
af or enent i oned m}?{?ﬂﬂ?ﬁ&‘{:ﬁéﬁ“‘? ﬂ%ﬁep‘BYWP?n%e@'é‘ﬁ id’z%setv@é‘%éz%{cq?ilﬁﬁi d density
val ues and rangggn 1.6 gﬂ:]ccPPﬁf@ib[)ﬁ%s@mﬁdi.m@}cc, hultie mbktUsstefeABlyERsshings ocar bons

0

useful in the process e invention have a MV greater than 30 a. mu,
preferably gredt8¥ct Hameembodiment, herflpopingtecigidepogrdpas of jhe ipesgtionizie 2. 0 gl ee,
preferably |ess;iiiaQ dedsit$ @hoe (FIOED w@tﬁhmosdwgec, Bfdrfviy Rek MADPLS Rt , the

fluori nated hydrocarbons usefﬁ I'n the process of the invention have a
liquid density mosipreferably lessthan bdlg/cepr ef erably | ess than 1.8 glee, and a
normal boiling point greater than -100 C, preferably greater than -30C up

to the pol yneri I@eBpn t empendémbodinkht, tRemHaR8S Bydrockbbadbfithe @Gedibgh as 100C,
preferably less_than 90C, and. nore preferably less than 85 C, and npst

preferably |ess h%‘[’?a%%@mﬂﬁﬂ@ﬁéﬁ él??p%‘inﬁle'i’ﬂﬂ,m& pRInt gs| meAsiead % §tapdad oc ar bons
useful in the peAEAHSfectinified ﬁm@ffangs bBRNEn 200/ RPI& thad BEAKIAE, @. m U,
u, and a

preferably greater than 40 a.m AH Vapori zation in the range of

from 100 kj/kg pesferhdy i H&nt@OOﬁ(F’gﬂ%gl,lodﬁﬁigo‘ﬁt lesnthpn ¢5G kikgand meshsity | ess
than 2.0 gl ee, prafaiahlies £ EhAN 24 kP b 8&s trhf 40BkAgNOt her enbodi nent, the

fluorinated hydrocarbons usetul in the process of the i nvention have a
i quid WD 2006/ 009944 PCT/ US2005/ 021647, -20 densjity less than 1.9 g/cc,
preferably |essl994h 1. g Ifpeqther prstergd gpodiment,ghe diligntysediin theyingentign  han

-50C, preferabl Yopaad Sty doRbhaticiOSF tWB o Sacdrd) AudtRhtsABydrditioRf having the
aforementioned MW, normal boiling point, AH Vaporization, and liquid density
values and ranges. In a preferred 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 liquid density less than 2.¢ gfcc, preferably less than

{ 1.8 gf/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/ec,
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



tenperature of the process, which is as high as 100C, preferably |ess than
90C, and nore preferably less than 85 C, and nost preferably |ess than 80
C, and optionally a OH Vaporization in the range of from 120 k}/kg to |l ess
t han 400 kjl%of“éﬁ%’%% In yet another enfodi ment, the di PeREHRIUHMYFIdes one
or nore fluorinated hydrocarbon(s), alone or in conbination, with one or
nore other typical inert hydrocarbon fluid(s) (non-fluorinated) are used in
the process of the invention. Preferably, the hydrocarbon solvent is an

al i phatic or ar demity less thyll. 9 giae, peaferbtilylesistharFix &g/t @8d @ hormal badlivigepoinpr ef er abl y

I nert, hydrocarbon fluid N lig hyd ocar ons whi ch

i ncl ude, for ex&p mﬂ?a%&%t%rairemﬁﬁ'd%@ h’ﬁ‘ﬁ g@gnfl%t{ﬂqh% pPW 50,
prgfterabl y 3 Lotteaﬂwraﬁmbptfﬂegiéo@éfsé wﬂ?aﬁ&emgmas moaamrasrabd lpqésudﬁnpo"gjpan/e .
n- but ane, i sobu 0 a. ensi g/ cc, an
nor mal boi |l ing mpreureisrblycleydha égo%d aB‘?mOitl fgS"‘b yﬁwsﬁ%’t §’m§o #Sopent ane
(MNVof 72.15 a. gptibnallPa | AHIWaforeibhl fythOfanf B2/&MCIR20 1G/RE to MRS R 4001 | i ng

poi nt of 27.85), neopentane, n-hexane, cycl ohexane, I|sohexane, octane, and
ot her saturat ed%to C8 hydrocarbons. Preferred hydrocarbon fluids also

I ncl ude al kanes (preferably C to C8 al kanes), such as propane, isobutane,
m xed but anes, H@peshe, peﬂtﬁﬂanothaoa@mmm the gilhdab Wiidhziesl oné @Rtmoter gi n
napht ha, eyeI olﬁexane alyé g% 5 refer%lg I n.one enbodi ment, the

di l.uent further ®a ‘m?)l’? ifyoombjngsies, E’F AE OTE KU i vely C2
to C8 aikane. [%ﬁﬁﬂmé@ﬁwr&aﬂﬂmtfmmmﬁdﬁemuoﬁﬁataqlafa&m Bi thé PRcdsH¥LMmE On, the
di luent conpri ses a mxture of at | east one inert hydrocar bon fluid

(non-f1 uori nat edfj"eBiR Areterably; thsnlaydroceren selveny inyal aliphatifoAr APRAEI n t he
mxture has a dﬁ?&béaybo@ﬂ%ﬂﬁ E&ﬁﬁlﬁé‘s)oflslﬂtabﬂ@q)réﬁaﬂ?u% ﬁfcﬁé@aﬁo@ﬂﬁlﬁ&&e' ess than

to 0.2 glee greater than density of mer,” alternatively fromO0.1

gl cc | ess than fedidy polptilec hgméahs@focerh%m, tWhich H’é‘h‘é‘r’-t fﬂfoﬁfxa‘élﬁlé E@Ff?% ,

al ternatively fmm&r&ﬁs%m%ﬁmtfa@ RfdabB3 /20CcaloR S faRqt he
density of the polymer. WO 2006/ 009944 PCrI/ US2005/ b21647 -21 E10067] In

anot her enbodi mermRlesenelpde propanehohutane, dsobatare: (Y ohbf%ld pawr.5a ligdd ght %
based upon the weighbr 655 e, HaURLRANIAE paillfasdibbvd YAk AR P BRIy ent

pentane, isopentane (MW of 72.15 am.u., a liquid density of 0.62 g/cc, and
normal boiling point of 27.85), neopentane, n-hexane, ¢yclohexane, isohexane,
octane, and other saturated C6 to C8 hydrocarbons. Preferred hydrocarbon fluids
also include alkanes (preferably C1 to C8 alkanes), 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 finid (non-fluorinated) and
at least one fluorinated hydrocarbon, wherein the mixture has a density @ 20°C
(g/cc) 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 gfcc less than to 0.05 g/cc greater
than the density of the polymer.



present in the reactor, preferably greater than 7 weight % preferably
greater than 10 weight % preferably greater than 15 weight % [00681 In
anot her enbodi nent, the diluent is selected based upon its solubility or

| ack t her eof wzaosrswud cul ar polyner being produced. Pre@Ceusmosois? uent s
have little to no solubility in the polﬁ“rer Solubility in the polymer is
nmeasured by formng the polyner into a filmof thickness between 50 and 100
m crons, then soaking it in diluent (enough to cover the film for 4 hours

at the relevanjgoggsi r edid SBREF &hdbdfndnlthe ERELBbNCS Bicddn 8f mek tssel . The
filmis renoved fromthe diluent, exposed for 90 _ seconds to evaporate

excess di | uent Weighyp.rhased étmrftaew@htqfﬂv@ fproparbenaad ey pEsarbomeolveals s upt ake
| s defined as t@%@?ﬁf{ﬁ%@&& rbfeapga%ﬁetér&ahb%gﬂt%\eeefemygfestermépakl ng. The
t mxture i s se

diluent or dilu ed so that thé pol ymer has a nmass
upt ake of |ess iherisht %varcftreblygreptenthay vgeht eess than 3 weight % nore
preferably less than 2 weight % even nore preferably less than 1 weight %

and oSt pref of b | o551 Ba? Chuodi 6 aRAON sddieal tuked b fd uor ocar bon

is inert to the polynerization reaction. By "inert to the %gerlzatlon
reaction" is nestiubiktyor l@qkethﬁqemﬁ)memwardyémﬁobmgea@@uceéheEFP ¥y with

the, monomers, ﬁﬂﬁeﬂ&%ﬁ%m{é Htu l}éjﬂﬁé&ﬁﬁe%l)%& Sgﬁgy y i iff WPRMErgs (This 1S

not to say t hat e physical envir rovi ded fl'uorocar bons does

not influence tmeasywst\pyefpiming the polyaise intw A dilm jof; tickaess hetwesmyo dud 1% to some
extent, such asuﬁér&ﬁcﬁnlax{‘&mﬁﬁ%‘lt"iht&'luén@ eglﬁughl_(‘?%%?rthe ﬁlﬁﬁ)'f& AR atl 3say t hat

the fluorocarbons are not prasent as e catalyst system [ 00701 In
a preferred enbl:edhvnmdpsucdmpdrahmehltﬂ(@)lefbconmwm@ssel hBrecfdin, is repyoxedker abl y, t he

1 ori nat ed hYOQeAR0RNA) oBfoul] B OSSAPREBhoned 5:28) BRIFRH: Lhal the

pollymer nelting tenpeéra mis re ressed nore than
15C by t he presentee of the fibm, dmtlmghed'l"ﬁb niwprumabe Isrdeﬁlﬁedtdsehq:)pﬂrgemage nmel ting

temperature [1 s A%he'h\dulartd Lokl R 1! BouflBL ki grporat ure

of a polyner by ferenti al anni ng carorl e en conpari ng
this toa sim beisctadeaﬂlatleﬁpmiymmhaaammpakoﬁfledsmmxglm%gmfmtﬂmt has been

soaked with WO 2006/ 00994 CT1 US2 21 2 uen n general,
he mel 11ng t ot BELT BB *bIRoe BERBRUEIST IR Vi e o4 en' ot Bltecabry
less than 1 weight %, and most preferably less than 0.5 weight %.

[0069] Ideally, the fluorocarbon is inert to the polymerization reaction. By
"inert to the polymerization reaction” is meant that the flnorocarbon does not react
chemically with the, monomers, catalyst system or the catalyst sysiem
( 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
ternperature [ 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



| ower than that of the dry polyner. The difference in these neasurenents is
taken as the rrelting point depression O Tm It is well known to those in
the art that her concentrations of dissolved materials in the polyne
cause | arger %’P E%Mns in the pol ymer,,mel ting tenper RAFEROFOUSATY| gher
values of 0Tm). A suitable DSC techni que for determning the nelting point
depression is descri bed by, P.V. Hemm ngsen, "Phase Equilibria in

Pol yet hyl ene Systens”, Ph.D Thesis, Norwegian University of Science and
Technol ogy, Naram@meﬂ m/rgbﬁdaau&emeningrt@ﬁ;rmdoMﬁeesoﬁkehypot}a{eemembe (A
preferred set of co ons f cond the tests are SL{ rri zed on Page
112 of this ref &V "p‘g'w enpeimihese egsirementy 1s nmeasur ed

with dry pol yneps th%r}demxrge PoikteRABERA w:ﬁhlﬁfeaveun&bw thosaTRy thedrt itint | | qui d
(the diluent to _be eval uated) As described in,the reference above, it is

i nportant to endigher t"ﬁfé’ﬁquq@ﬂsséﬁcﬁ%"lﬁgjr foaigriajsh én tthes polymep, fd¥et BB n t he

presence of the gbirfidiofls inl the JAPRer ﬁelﬁnéﬁﬂp%ﬁl?@@%%ﬂﬁf vaRestdFATHNEA iquid is
not flashed durln the test, Which could introduce experinental _error. In

one enbodi nent, leDSfiephinique dar defermining the melimg:poins|dgprpwiod it dpseribed C,
preferably | eS% tﬁvnﬂﬁﬁmg%,e‘ms&f&mhm Fotretlylap s%m@nmmesppr eferably
er

| ess than 4C. ' “anot nmbodi ment’, the measured O Tmis |ess than 5C,
preferably | ess NomsegiansOnivesite ofr Sfieeatsng TesheologyarMach 200@nwhish dis pr ef er abl y

less than 2C afdefRios i 6f ARAcLOTR BV LA GPL kgt Yt om

[0071] The pol ymer ormed 1n a cat process using a
cat al yst syst emtheTlags eﬂqrsomamedmagsﬂl%yﬁthsrmfmde} The pokymien wmehing on

i ncludes a chr%r%:%‘_ﬁ,g Qlﬁ¥s§t aQt{rgJ %ﬁtﬁb&ry ﬁ%ppg{dtﬁgng%% ong‘{ﬂ‘cﬁgal yst, as

vvel(l as one or re optlonal corrponents i ding an o ocCat al yst .
The' support can pbbrmeanym&wdtmmqmdp(meMentztaﬂm@naluaaﬁdal Ystdesuippbirt theThe use of

the chrom um cat £em pro the L f_ pr a pol yner
product with Iltah%&ctcoab??}é reaclzlf:'gol}'l |ng, gﬁ{a%b %"8%}%“?%’?8?8% yer{?’ér pr oduct
that is very | ommdncﬁénsthbyresen[:@ﬁﬂmb h&xp,plsndbm iR dealled eonfaider w thai thet hi s
I nventi on gener .1 nclude. one r more e net al I des.. Exenpl ary
refractory netal q il‘%l%og ﬂl‘“‘ﬁ‘éﬁl g‘ﬂ'ﬂlg l\‘-}d\/@“%ﬂ%?%%@ il error. Tn
PCTI US2005/ 021 64¥e emmmménmmedhrmmess mmgam preftatleRss tﬁantﬂmeﬂ? padferastyor in
combi nati on, ph?sgt‘]l%n %QC more preferably less than 6°C, and most preferably less than 4°C.

In another embodiment, the measured [ Tim is less than 5°C, preferably less than _

4°C, more preferably less than 3°C, even more preferably less than 2°C, and most

preferably less than 1°C.

{ Chrominm 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



I norgani ¢ oxi des, and m xtures thereof. O her exanples of suitable supports
I ncl ude al um na, boria, nagnesia, thoria, zirconia, silica, or mxtures
thereof. In one enbodi nent, the netal oxides are selected fromthe group
consi sting of Y I1P¢Y244)| uni na, fluori dedypl unmi na, sil at SFEFTHSHIT/PRAC47

al um nophosphat e, al um num phosphate, phosphated silica, phosphated
alumna, silica-titania, preprecipitated silica/titania, fluorided/silated
al um na and m xtures thereof. The catal yst support can be prepared in
accordance wi t h nehyingted teninbpadt oaidestditber atetehon ire fémhitdtion, phwsphatedr mi ng an

active catal yst .system .Exenpl ary su r ho [ t.] ONs given in
U S. Pat. Nos. é“% ,"45’2%3%6‘!’%%‘?? “%?%Es%;&a@aﬁ,%ﬁ%ﬁag%,%@ﬁf?‘924;

4,392, 990; 4, 438ndhaiZ;alvaina, bodd) maphekia, thhea, clirsomliz) silic® o1 afixtuvhs thireafl dn

i ncorporated herein by reference..]0073 one_enbodi nent of. t.he

i nvention, the ﬁﬁﬁ’ﬂpqﬁlﬂ'ﬁﬁ’éﬁ? IBF@"%“‘%?FF%‘?%C@ fE’B’n‘Pﬁg‘}‘?}l?@nﬁ‘ﬁD@rorfﬁ'ﬁ'?a'pr ef erabl y
conprising at | edfitinaOflusidgdt alimmb) isitfied Nfin€ina, palaih&ioplisphate] dl@fiatm75 wei ght
% silica, and nost preferahly at, |east 80 ight % silica. |In.anqther
enbodi nent, the Hiéﬂ’g?t S&Pk‘;{lﬁ@m@i H%W"%P&a%\é\ﬁ'ﬁg‘?ﬁﬁ °‘§Etﬂ’b‘&r1?reprffém§$°ﬁal

i ncludes at | easdlicaMeniaOMRRidedilatke hRfieknd h:@;kﬁn%&lﬂleﬁbpulﬂleféaﬁll%t%ﬁ@ﬁ of

alum na, boric, magnesia, thoria, zirconia, and _ m xtures thereof. O her

conmponents can &8 B MEPa57dda asrordapcevith any, pRnyptionl op pthep methad sfisctiye fire g,

however, that tfeRd Rehctiv Chge0yRAHAD FAGH myqu metHRS atdhé ¥readver sel y
affect the catalyst system at thgﬁ&uantitg/ I'nc Ithﬂgged. Ogl%sﬁr The chrom um

conponent of t heBERIBIUS1PaENosh 88D PIMIY: 4854 &10L120 034 M2% chromi um
conpounds, wher & 2{906, £RFTUMIOKABEI0L O As@bSires! oF WHi AP icBrpBrateds Used in
this disclosure, chromumumnetal is included in this definition of a

chrlom um sour ce.hemitdtyaefepige. t he chrom um source will have a fornula of
CrX0,, wherein X is the same or different and is any organic or inorganic
group effective [pgrapr ovi diniele amibcfrhény 6f théinPbntivh, thé@iPpdtt miteddd id Aig@er from 1
to 6. Exenplary organic groups have fromabout 1 to abouto 20 carbon at ons,
and are sel ect ecPoRipBRe: Haterrloprsieabhs papnrisge ot leask yP weighk ga yilicasmete, ket one,
carboxy, —and ardieabiy 4610k 9 W ufIORS, EAMAE piiali Pl ekl Wegny, branched.

cyclic or WO 20061009944 PCT/ USZ2005/ 02
silica. In another embodiment, the remainder of the silica containing support

material includes at least one component selected from the group comsisting of
alumina, boria, magnesia, thoria, zirconia, and mixtures thereof. = Other
components can also be present inn the support material. It is 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 alky], alkoxy, ester, ketone, carboxy,

and amido. The organic groups can be straight-chained or branched, cyclic or



acyclic, aromatic or aliphatic, and can be made of m xed aliphatic,
aromatic, and/or cycloaliphatic groups. Exenplary inorganic groups include,
but are not I|imted to halides, nitrates, sulfates, and/or oxides. [0075]
Preferably, t O MMM catal yst is madﬁ_f rom a chromi (REWUSPOSAHETOr

chrom un(1l1)-containing conpound, which can yield a catalyst system with
ol i goneri zati on and/ or polynerization activity. Mst preferably, the

chrom um catal yst is made froma chrom un(M conpound, because of ease of
use, avail abili tayychandumﬁﬁbaacﬂqahmt ahd/ Sdn Be/ SladdTof&litedi dliphaticOBrématic-xanpl es  of
chrom um conpounds, i nc ﬁ .but are_not limted to, ¢h om um car boxyl at es,

chr om um napht héft P‘é%yc fi5 erorpsy Fxrow! %W&%rﬁmamc Ap S are e/ o

chrom um di onat gfnite@td1Rlid@ X aFREQ BNl fafeh afdbrlsxide@pounds i ncl ude but are not
limted to, chromum 2,2,6,6-tetramethyl heptanedi onate [Cr (TMHD) 31,

chrom um 2- et hyl noat chro m na nat e 3],
chrom um chlori d Bﬁg@hro n%‘“f’lP’SH%‘ %aﬁ H?"o%ﬁlﬁém‘w T de,
chromi c broni de,and/bf aﬁ&uﬁnml)%mtdmng@bmpmma, ﬁ!ﬁblorcmdgxeldd jcata®stSsystéshuor i de,
chrom c fluoride,, chrom um oxy-2-et h){l hexanoat e, chr om um

di chl or oet hyl hek’ﬂﬂ’oﬁ%‘%’m"&ﬁ?"&ﬁl Y ox celymerizaliogn agtiyity.c h Moss BFREEEY a6 chr omi um

butyrate, chromupnienRANYAIPHas fréh aQktorTirh@W) @nfhonstd) beZhdeofehearat e,
chrom um oxal ate, and chrom um bi s(2-et hyl hexanoate). [0077] In general,

chromi um pyrrol W availghiliyeandenbaneod ralyR SYigrR AIVEY. cont ai ni ng conpound t hat

wil'l react with a chronium conpound to forma chronium pyrrolide conpl ex.
As Esgd inthis [dtimgl OSUI’]Br.ambR?ofﬁ:ﬁ' %mpéNl)@ldsﬁlgma@ibﬁiﬂenaqn?&ﬁmﬁ" refers
t o hydrogen py i de, H5N) , erjivatiyves rogen

pyryol i de, °na'§nr?é‘iba¥yli5§“>r/ﬁﬁ‘1° eRdtesg chrami %Wsi%@ def i ned

as Corrpound C GiyRblideh, GdAr ShroRIHRE dRates | OhadSRmpRANERbMRCcARbaidacycl e,
such as, for example, bgjlrrole derlvatlves of pyrrole, and m xtures
B

t her eof . Broad yuclidse by preopet. Hgeditn thee H-teamethyhsptapedionate an g/ or  any
het erol eptic or ng )| GhidRindh g;gﬂgmll&gmg{e R&{E}I);.]C‘é%ﬁiuﬂﬁriﬁ IfhenRté! 1 ol i de
n e

radical, or liga pyrrol e-contai ni ng conpound can be elther

affirmatively ad§edpbb t:hxem@adtbiqma Shrogame r s@ethyihexgupgie), \\hrames/ 009944
PCT/ US2005/ 02164>¥om1de, chromic bromide, chromous chloride, chromic chloride, chgomous

fluoride, chromic fluoride, chromium oxy-2-ethylhexanoate, ' chromium

dichloroethylhexanoate, chromium acetylacetonate, chromium acetate, chromium
butyrate, chromium neopentanoate, chromium laurate, chromium stearate,

chromium oxalate, and chromium bis(2-ethylhexanoate).

[0077] In general, chromium pyrrolides can be made from any pyrrole-
containing compound that will react with a chrominm compound to form a
{ chromium pyrrolide complex. As used in this disclosure, the term *pyrrole-

t:]

containing compound” refers to hydrogen pyrolide, i.e., pyrrole, (C4HsN),
derivatives of hydrogen pyrrolide, as well as metal pyrrolide complexes. A
“pyrrolide” is defined as a compound comprising a S-membered, nitrogen-
containing heterocycle, such as, for example, pyrrole, derivatives of pyrrole, and
mixtures thereof. Broadly, the pyirole-containing compound can be pymrole
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.



-25 [00781 Generally, the pyrrol e-containing conpound w Il have from about
1 to about 20 carbon atons per nol ecule. Exenplary pyrrolides are sel ected
from the gr Lsting of hydrogen pynrolide (pyrrole | ithium
pyrrolide, 38‘385@1%%%/% ol i de, potassi unppyrrolide, cesi Eﬁ%’BW?S@HWe, and/ or
the salts of substituted pyrrolides, because of high reactivity and
activity with the other reactants. Exanples of substituted pyrrolides

i nclude, but are not limted to, pyrrole-2- carboxylic acid,

2-acetyl pyrrol d008Yr r ol eGarerily,zbx pyrehirgaitainingcanrioyatt willhakye domabeut

di met hyl pyrrol g, ~ d} hyl, - 3- rel e = M- | yl pyrrol e,
ethyl- 1-2, 4- d?lrrtgtz“ @tgg@% é?%aé&@scpg%ﬁxé%%%._%keg%ﬂ?% “e- Thgéso%? %F\eg{teg?rkﬁ

et hyl - 3, 5- di netthy groBp cpusisting ef hydoagey ipatrelide \{rarolt)h ithjmpr pytalideardiainni ng

Chr o am pyr  olaEios RSB eSh ek el ARG SRRl onas ™
used in this i npyewlidednbedansesel Bigh aeactifityoamd hetivityowith cha sthet irgagtants. hydr ogen

pyrrolide (pyrrole (C4 ,and 2 5. di t rrolol.e.. [0079 support ed
chr oni um cat al g"s ﬁ%%%?%ﬁéﬁwQML%m?t%%é%W '@orrponent
W LD Lhe SUppOr o o B or bl e et ey e o
general ly ref er@@@y?wwﬁaédﬁ?gé}’%&ﬂmﬁﬁ’% P@ﬁ%‘&‘a&ﬂﬁﬁﬁ%ﬁﬁ&%ﬁbﬁ'of silica,
titania, and ChI-Q,W&Wﬂ(@&@@E&H@iy}O&-W&}?b&t@0| Eth{109)5-Biimethylh@ !t er

to.

sol ubl e chrom um CP onent C\ﬁﬂ be adde a hydrogel of the sypport
conmponent , wher®fiqlecstboxylfey, Whenfbe garele-pantaining ¢ragposad contains f5romNBymonent

contai ni ng wat ethe rédditadt Etbhile! coddpbo@id @l BéSalldll $ Shrbinh@DpRiolide. NYlb@car bon
solubl e chrom um conponent, such as tertiary butyl chromate, a djarene

chromi um conpotihpdingsig giePyaplesenianas ¢omropndsHsedin ds mRebien ai,selected

acet yl acet onat egorf afk %ﬁmp%ﬁ‘&ﬁhg of RARIRAhFrddE PR (SHRRDM dnd 3 Xerogel " is

a support conponent that has been dried and Is sSubstantially water-free.

[ 00801 The resudimedtiylpriselelei um and support conposition is activated prior to

use, preferably in an oxygen environnent under appropriate calcination

condi tions. Prejfgjgbly, hﬂ%gMﬂ@lﬁoﬁ{hYﬁ EA7R N prefraBly’ mad¥0iyCoolibiifngy abl y dry
er

air. The activation is preferably carried out” at an el evated tenperature
for about 30  the chromium component with the support. In one embodiment, the chromium :

et

component is combined with the support to form a co-precipitated tergel. The
term “tergel” generally refers to the product resulting from gelation together of
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



WD 2006/ 009944 -26- PCTI US20051021647 m nutes to about 50 hours, nore
preferably for about 2 to about 10 hours. A tenperature range of from 300C
to 1000C is preferred, nore preferably from about 400C to about 900C. Under
these conditi oh@X%P%4¥ast a substantial ,portion of anyPEHYBMSOHN t he

| ower val ence state is converted to the hexavalent form [0081] The
activated catal yst systemis preferably cool ed and subjected to at |east
partial reduction of the hexavalent chromumto a | ower val ence state prior
to pol yneri zat i cninuiéhts sbedufl henrs aeord prefergbiyefoe mbdit \2 wwaablwni Ontearsxi Ale. |1 f a

reduci ng agent qther .than carhon i bS . USE i_gher nts_of
conononer are gerrATg %@5%083 ?@geﬁ%g@}oic?ﬁ g?)%’@@él%é%ﬁﬁege%ijys | ar
amounts of  conmuboWRN0IIe abdue PBI°C.OUndeh thasd doadities| it tdasich sabytakigipertionGener al | y,
the activated catalyst .is.directly subjected to the, reducing.agent,

al t hough i nt er vethi ?”é’ﬂ?'ﬂﬁ??ﬂffé%@ﬁ‘iﬁg@fﬁdﬁ‘” fqthﬁh‘i"gvahg@ﬂﬂ'abl y carried
out at a tenperature of from about 300C to about 500C al t hough, nore
preferably fromi[eesiyt 350ThetaotivitddGatallbisystan g preferaplyessied sdahibjediel tveduci ng

gas in a reducing,.operation can be varied from subatnospheri ressures to
rel atively high "g}e@‘gé’ﬂ‘%ﬂ:{e&@“ﬂ‘ ‘,’fb%"i)vgﬁﬁt %@ng\gnim ?"er‘f*’&%?/%&? B’?frsi npl e
reduci ng oper at it9polymekiatiéhi | THECreisciignigem is)préferaBly GRfbdf Mmondkidaxilfla at about
at nospheric pressyre to up to about ‘”Z’O psia (345 kgg) .%OO%IZB]? Thgg{eduction
tinme can vary f riBHHCRSr AgH0hH, GHhef Loy & ﬁ‘&e‘?&‘}"xﬂﬁuﬁs“ , Flo BUPIUS Bt et of
reduction can becohi@hdmerak deieraliysidadd tb RERELEGORNOHo dhi6vetihitd ¥buntSHSt em
color. The color of the . initial activated catalyst systemis generally

orange, i ndi cat i SEORTRST JRcomoFAtian Fito the respling SPPOYIRCE: alig, the 203#edof t he

reduced cat al ysdatafik BFERckES sttdtfed té A6 rdandihgbehth Athoddh infveifSfepsindtlyl ¥ al | of
the' initial hexavalent chronmum has been reduced to a | ower oxidation
state, general | yreramplaypd: aRedyetion; is preferably qagried outigfca tergperatung of freprpbed support ed

catal yst systemdpg@ioah&it 30y RRIE Indre profbMH frdn? MBul HIREIASHCE THe: €., about

25C, in an inert atnosphere such as argon or " nitrogen to flush out the
reduci ng agent . paftiabpressyresoffthe sadi¢ing gasanarredncingtaperatien eanybet varied, fomm | s

preferably kept %F‘grgg | ! - helhAd Ng agents.
[ 0083] Pol yneri zsgtt‘\%ﬂgpg%?a‘tﬁ a yst{s')%%n Be EQE%SSE%?’%G%’S@P g{ﬁl,actgﬂ?%aﬁe! not
necessary. Exenpfeweyer g simpley saducihg operation fsuto aiilizenessentipliyi perd tathonnet al

al kyl, or monoxide at about atmospheric pressure to up to about 50 psia (345 kPa). '

(0082] The reduction time can vary from a few minutes to several hours or

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



WO 2006/ 009944 PCT/ US2005/ 021647 -27 organonetal, cocatalysts, i.e., alkyl
boron and/or al kyl alum num conpounds. The term"netal" in organonetal is

i ntended to include boron. Often these cocatalysts can alter nelt flow
characteri stiWe2006@09%44i ndex or high load melt index) ofcl/osoesasisht ant

pol yner. 10084] |f the cocatalyst is an?al kyl boron conpound,

tri hydrocar byl boron conpounds are preferred, wth trial kyl boron conpounds
bei ng nost preferred. Preferably, the al kyl groups have from| to about 12

carbon atons, afgnpiehe Bys s, 150mk§1 L&oéaﬁ@&b 1%%%9%@5@&5 group.

Tri al kyl bor on corrpounds sueh exaergo ri-n-but bor ane,

tri propyl bor aneTheaisn {“ietslhipl brgruemetaiviiy intanded for iplude é@lfoéo ﬁ@l theses |
di t
according to o eMP ﬂé ocar%t f}lJlﬁcHa&)!t@Hsthlcé) ltgﬁééﬁ foolrnﬁglota&‘ ﬁuf?i@i)on

conmpounds inclu or on conp unds xample,  triaryl
bor on corrpoundsqfﬂmrcmtaspolﬁrmpr exarrpl e, triphenyl borane; boron al koxi des,
such as, for exarrpl e, B(OC2H5) 3; and hal ogenated al kyl boron conpounds, such

as, for exarrpl CZHS)ﬁ?JﬂgE th lg%ml%g&gt@%gls %&bzﬁ&ﬂ} oR@r an. [0085]

Ocher swtable co t al stsm m num co formula AMR "
X3_,,, where X ¢091paundydrq nrefeapd,rvath m@kylﬂbomnscmmp@undsd)emgzummmqﬂ bon,

preferabl v al «SbrereBt) e ity Aol Hou0f 1oAY Fodebuont! Lttt num ( TEA

and diethyl al um num are particu arl y sul ’00861 A
cocat al yst, whefiomg ¢y ca:‘sonrﬂtcmﬁsa)eaﬂkydg[mlpdmdkﬂhommnpom kich ag for ange of

friom about 1 to_about it L ?ffﬁgs er
kil ogram (ng/ kg), ‘g%Setﬁglblﬁl héor%ge%@ ?oiaévlﬁom%r I uenfrp&hﬁm eact er'
Pref erably, theprefeneintadaiatysts) accugigg fonorenenshodingent Wi e mvaltllomngéthm‘f from1l to

aount 9o as"t o iRebefh SRR ie sy iSEEhH Ry P RERN UM w t hi n a
range Ff from aﬂgmtyl b&m’ﬁcoh:j;ioﬁmabﬁldh as’L@orkxampﬂé affigheAyibotarder ?;‘bﬂéalﬂ:oﬁdksS 1. The
cocat al yst can m xed Wi ata added as a.separate
streamto the pBf e@/?ﬁ%? L EAETRIFy é@ﬁ%’flﬁﬁﬁﬁé ﬁ? edloégﬂ °r°Br°8’FIB‘P‘P'gﬁ

2006/ 009944 _28gs, B d{abipROBEL,BAT64 A priiReXded&indyst is triethylboran.

[0085] Other suitable cocatalysts include aluminum compounds of the
formula AIR'\ X3y, where X is a hydride or halide, R' is a C; to C;z hydrocarbon,
preferably alkyl, and n is an integer of from 1 to 3. Triethylaluminum (TEA) and
diethylaluminum chloride (DEAC) are particularly suitable.

[0036] 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.




General Process Conditions and Reactor Systens [0087] This invention
pertains to any prepolynerization and/or polynerization process, and the
process is suitably carried out over a wi de range of tenperatures and
pressures. Suct’ P%Q{’%’%es include, for exanple, |oop sl RGNUSIHKERISK| rred
tank reactor processes. Either process can be used in conmbination with a
centrifuge, a one-stage flash, a two-stage flash or any conbi nation thereof
for recovery of diluent fromthe polymer product and recircul ation of the
di l uent back i EROCESSESpol ynerization process after any desired
purification st?‘? WEOOBB] Desirably, little to no polymer "swelling"” is
exhi bited as i ndregenaéBroctsy Condities and Regctoufipstesnssi on of the pol yner gl ass
transition tenperature, Tg, or the nelting point, Tin, and/or little or no
di | uent mass Upg ThUsyisP OhyeiRed 28628 th N abyepidbditBaizatd dnfr present
invention provides for high polynmer concentration to be handled at |ow
viscosity with gelyaeration proeass rad theEsetsdysuitably cyFied Ot IoVRIR WidR&aPEEeneous

pol ymeri zati on Pﬁé@s‘ﬂf n t 0 be run
directly on the%?esuhafu% it yme engE% ro&b&%%%l&?@%g{%ﬁn%?llezgﬁl T(s)lﬁrryr ocesses
according to thlaedmwémlgmcta?m‘o@aﬁeﬁ|Elﬂlﬂrmesmanényseﬂéfnﬁ$@impfewﬁﬁ
tenperature ran t y ry AVATa=Y IheRRBf REOCESS. In
general , effecth\%g&%e Qedraai{éusrggﬁ?%lge ?tg f Og;[aﬁoégoc .B%&gSOC fS’?eferably
from about OC t eecovOyof diyens ﬁpmetfl@pdﬂwpmdumaa@mmulmmf@emwba[cbo90]

Pol yneri zati on GRS carried out at any
pressure or pre?é@re r%eglg@%g%:ot@%\s/rgﬁ?rtaﬂ%‘zers%éhﬁﬁlghg%?n "pol yneri zati on
process. The pressures enployed nay be in the range froml mmHg (133 Pa) to

about 3500 bar (%381 vPa), aé*behﬁbltynwdrrm@r‘swdhn (15 extidlptey] ag i t 500 bar
50 MPa nor e L I bar (10
ﬁ/Pa) anZ:I nost rhe e:({rgg Siyzpp}romgﬁﬂ %01?%@%%(%9% ou'?ér%%e&gg?q;% IIJ\%Q (
2006/ 009944 - 29 meh@E|poink (s apdaplitte of wodilpnt| mase nptaleen gy m!?h?meozahphe

t | ef l.ef
i nvention, ole Wﬁﬁ)ﬁlueﬂﬁs%%ﬁ{)%@séﬁt%eﬁt%ﬁggbgbdﬁ?g)r?gigﬂé?]é%%w%m §rines),

preferably ethylene, or conbinations ynerized 1n th
presence of the bethanditdinb loat dkopsity witbtgond hedt tranefer, medared wactord foulbing, bed above

prior to the maig Dol YITE LhRAkLMon ki@ e SHVQHLAE BF suvkdificnt reactions to

be run directly on the resulting polymer mixture.

[0089] Polymerization processes according to this invention are carried
out at any temperature or temperature range effective in carrying out the

{ polymerization process. In general, effective temperatures range from about —
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 MPz), and
most preferably from about 5 bar to about 50 bar {5 MPa).



prepol ynerization process is carried out in a slurry phase at effective
prepol yneri zati on tenperatures and pressures. The prepol ynerization can take
pl ace with any ol efin nonomer or conbination and/or in the presence of any
nol ecul ar wei é’ﬂ? 20GMP¥81 1ing agent such gs hydrogen. For PESURMIs@Y6HT

prepol yneri zati on procedures, see U S. Patent Nos. 4,748, 221, 4,789, 359,
4,923,833, 4,921,825, 5,283,278 and 5, 705,578 and European publication EP-B-
0279 863 and PCT Publication WO 97/44371 all of which are herein fully

i nf:or porated by [ooeiler encén o%%hhnﬁh@fﬂieﬁﬁﬁﬂnﬂﬁlﬁb%ﬁﬁ@s},gﬁf@ﬂﬂf Qf to Co

pol ymeri zati on CesS C e_carried out in a batch or continuous process.
By continuous i gfe. P’éfl §]f°§?|§s)e Hs¢feraply ostbiylene, op com mfﬂ%ﬁﬁeé@?t%e oper at e)
wi t hout i nterr uptebSlpmerizeg @SHeplefice 6fllic @XM atalsiCOREmIGIONSInPEE6ESS t 0
produce a polyner would be gne in which {he reactants are continuously

i ntroduced i nt o &by abow? Eript toc thBaA RILFSTIZIHER. plooeRscembadimen e nual 1y
w thdrawn. | n a;pheleesRAft Pl BN lcadRY &t 1S RRINYBhdsdaht! @FectipE OCESS Of
the invention is a continuous process. [0093] The réactor used in the

pol yneri zati on prpelaserizgtion temperatyes g pressuresj | The naenolyimerizalion icad @Ke anpunt s
of the catal yst f [ G | [ f the
nononmer cont ai npﬁii%@g] -{s,to‘rfeg%nl’%{@l?%ﬁr tgﬁg‘?ﬁa sﬁéﬁﬁ%’?ﬁﬁ{’x‘%ﬁ’%{’ %E"gol ymer
havi ng desired oioiaculet aveight i costrolingorepebticrich aFhbydregsd. sForanamples ofie

enbodi ment cont gj . Of. nt ' gr t i ght %
(based on the tg%egﬁyl\%gl gh‘?rl J’?& € hnsﬁgg"rg's,ﬁaga&'t tc}gonst ,‘Egtr%%ﬁ}:’a?’éa)?%gst%gysten),
preferably grea#d3,Bitan,9258%%i5388,278 angr FHBSSH78 tainh BurSpeanpublivation ERrBanot her
enbodi nent. In | MeNtyral ds.Sstseam w ngain fromb5
neight 5610 50 SEIGRE SRESSnERtERE ne: 2o T BCHL P it be 8B BLL, ont o
monlorrer , di | uentincorporited by sdfgreticesyst em (t he nonomer concentration shoul d be
limted sufficiently to prevent punp cavitation). WO 2006/ 009944 - 30-
PCTI US2005/ 0216 0094 ' 0 Jpvent .on, hydrogen is
added to the r e?g ior fo?Th MM@%&% %o&?&gﬁdaﬁ%ﬁ iri!’gdc\%%l fﬁkgéwn to
those skilled i nartibbowir 4 batdhror rendineqis puxesenBy edntiowsis (¥ méagtl syglem that| ati ve to
e concent rat | Reks @PRITELLT b opkfi) Dind PARLAhiH S8:ABE. REAIMEHL O™ ©f

a continuous process to produce a polymer would be one in which the reactants

are continuously introduced into one or more reactors and polymer product is
continually withdrawn. In a preferred embodiment any of the polymerization

process of the invention is a continuous process.

{ [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 containming feed-stream such that a sufficient
amount of polymer having desired characteristics is produced. The feed siream 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).



wei ght average nol ecul ar weights. [00951 I n one enbodi nent of the invention,
a liquid process is enployed, which conprises contacting olefin nononers
wi th polynerization catalyst in an optional solvent and all ow ng the
monomers to r ¥4 sufficient tinme o produce the PEESISHNOHOBEIyer s.
Hydr ocar bon sol vents suitable for the process include aliphatic and
aromati c sol vents. Al kanes, such as hexane, pentane, isopentane, and
octane, are preferred. Process Conditions [0096] One enbodi ment of the

i nvention incor pi@o4) es t e ous embbdimentt| afrihe invpdiachyipdgents iaddedi tonthpr ocess,
preferably as a_continuous .pol rizajipn process.. .The slur.r

pol yneri zati on W@é@gmf’émﬂ ew%ﬁg?rémtﬁwgﬁﬂﬁmwa? ﬂﬁ)‘?’g%gké‘t%{a@}ﬁfw he range
of from about 1lidcfeastl@uiiceditffiond SrOyRIdSMAaSIative 16 tiftrcdideytritidn ol ohaiges) of from 1

to 50 atnospheres. Operating tenperatures are generally in the rapge of from
0C to about ZOthheﬁP%‘F‘Er“&Bﬁlefi‘F PEdrefie d"’g’ﬁlﬁﬁt"?i"é’ﬁﬁn"%’@%?‘]mgﬁ aeﬁe

enbodi nent of th@igﬁi#&fagezﬁbfé&ﬂﬁﬁvei ke nononers, catalyst(s), and
initiator(s) are mscible in the diluent or diluent mxture, i.e.

constitute a single phase, while the nmer precipitates fro th’ di | uent
with good jsepa:f‘g?g]on frgﬁf”i‘%@n@fl}“&%‘h&%%/‘ﬂ"@ﬁgﬂ i RS 18 P¥fent or
co-diluent is @eRGoinPrided Cort@MbE bRAN RoAGRES with PoBmRadtibe dhialystanapdi nent, an
al kane having from to 7 carbon atons, preferably a branched al kane, is

3
added. Pref er r e@PigRspbeent and plipyang dheppenemersaiRrerd ek shidiciephBgg fo A

preferred pol yngiddact e MediRa olyaées. OHydBurbonVRNehtd huitdhld R thd Blhcds® as a
particle form polynerization, which is essentially a slurry process
utilizing a su ¢ dPhatic and sarompticr ealyentsn o Alkansse puphytschexang, disatapss| ow t he

tenperature at mb&ﬂne,tag@oag{e}/gggmg&l@&_ into solution. Such technique is well
known in the art, and WO 2006/ 009944 -31- PCT/ US2005/021647 described in

for instance U. ke €tdidias 3. 248,179, which is fully incorporated herein
by reference. Qther slurry processes include those enploying a | oop reactor
arallel, or

and those utilizj a plyrality.of stirred reactors jn_series,
conbi nati ons thiﬂﬁgg} Nor21e; SRvPfimgniesf ReatigR Incprperates H}ed’éﬁggﬁél cl ude
conti nuous | 0op phise pblyfeAitibpiocdas, PREGRRP as Fbobfinucl PEimerRiR] @eceed. sl urry

The slurry polymerization process is preferably carried out at pressures in the
range of from about 1 to about 100 atmospheres, preferably in the range of from 1

to 50 atmospheres. Operating temperatures are generally in the range of from 0°C
to about 200°C, preferably from 50°C to about 120°C.

( (0097 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.

[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



processes are described in U S. Patent No. 4,613,484 and 5, 986, 021, which
are herein fully incorporated by reference. Such conbinations of stirred
slurry, loop slurr or stirred and loop slurry reactors are useful for
producti on of WHi2Hs¢ 944 pol ymers. [0099] ,| n one embodi meRCTUSNes/MEETt or used
inthe slurry process of the invention I's capable of producing greater than
2000 | bs of polyner per hour (907 kg/hr), nore preferably greater than 5000
| bs/ hr (2268 kg/hr), and nost preferably greater than 10,000 | bs/hr (4540

kg/hr). In anotdtedfnbedfﬁﬂﬁl' iRAbcd 1S, Batet No. BRag, 179 whid:h&dﬁil]l? m&mm&ress Of the

invention is c abl produci ng greater thac@g@@tg s of gq}/
hour (6804 kg/ SP’ ftenen yo&?eg RTRCEASES 3D %%?/?WP adg kg/hr) to
about 100, 000 leaﬁdt&ranﬁﬂtﬁos‘é%hmg Qrﬁlmaﬁ@m%nwr@a&saﬁb&ﬂemmdpm yner

granul es and supported cat alg particles are pr esent as solid particles in
the slurry reactosphinations theeeok| yNegrlipgtingeepamples ¢f HWHVOPTP%%CI&FB , one or

mor & hydrocar boRsimis Topt b édhﬁﬁﬁ%oceésgs ONisq, SRR xR Po K

concentration of solid partlc es In the slurry I's equal greater t han
C;

10 vol ume per ceprocesiep, aegrfigssdided 8 PaierttNo. t4|¢fé3é§4ﬂ@ Ha8a.9%) edichrag present in

the slurry at é;.ﬁﬁn GEIER %def{];%} o L&abiEiohd 8 ktitad ¥R NBoP€r cent. I'n
yet anot her meg }dhe sol’i pégrtloécgg&g‘ée 0resent ?nﬂ}rﬁ spourry at a
concentrat i on larsys orhtaurpdomdelqemsluxrm r@\stomoarameeﬁpefptpwduchpn of dimegdabt her

enbodi nent, the,g QJ} particles are present in the slurry at concentrations

rang| ng from 1} ‘volume percent; from5 to 70 vol une percent; from 10
to 70 volune percent; from15 to 70 volune percent; from20 to 70 vol une

percent; from 260099 70 vl eneeembedizent the reacton el ingthe gluyryprosessyafitbent © or

from40 to 70 v %g@%] 7 Ceneral
Pr ocfness Condi t|%}%?%%qﬁgfézgyy@“ai%iﬂb&?ﬁ;ﬁveﬁp%ﬁiﬁl ns to any
prepol yneri zat i mehtpre Yygreater i andmpogH p is
suitably carrie Via, ?ﬂ 2 res. Such
processes incl u% ot f%a?l 1%0"@“?%"9?‘154@89@‘?U?J}?Bﬁ‘gﬁ%ﬂ@?ﬁ‘ﬁ‘&g an Ee%gtgtlt or
processes. Eit hmedprﬂwc@wess@tﬁﬂbanmﬁm isrcapablebifipadducing \grewter than ¢8,06¢ i f uge, a
one- st age flash t Yol y.C na { he 0 recovery
of diluent from tS%f pro"(kir @?0 kéﬁfr}égfe?eéa ; eg{r%po tlﬁ’]%&fgl fbﬁ/érnt back
(11,340 kg/hr) to about 100,000 Ibs/hr (45,500 kg/hr).

[o100] In one embodiment, polymer granules and supported catalyst
particles are present as solid particles in the slurry reactor, and the shury diluent is
a hydroflucrocarbon, one or more hydrocarbons, or mixtures thereof. In one
{ embodiment, the concentration of solid particles in the shury 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.



in to the polynerization process after any desired purification steps.
[0102] Desirably, little to no polynmer "swelling" is exhibited as indicated
by little or no suppression of the polynmer glass transition tenperature, Tg,
or the meltiWQPW0AP4 Tin, and/or littlg or no diluent PEARS200928442. Thus,
pol ynerization in the diluents of the present invention provides for high
pol ymer concentration to be handled at | ow viscosity with good heat
transfer, reduced reactor fouling, honpbgeneous polynerization and/or the

conveni ence of eh&RfIPRRbss CoBaiioR ind Reactof Systémsdi rectly on the resulting
pol ymer m xture. [0103] Pol ymeri zation processes according to this invention

are carried ou any nperature or. tenperature range. effecti.ve in
carrying out thi:mﬂ%lol ynert atlp‘()eﬁgfﬂ oEeertsméJ?n}?% 6“eynepr§?°:c}ylg%?§t&ni Ve toénperat ures
ran?e f[:)lom ?boupolgﬂéi-tizatgglcﬂré&ﬁs,m%fe@mﬁh sYis §1ﬁtﬁi:1yahﬁett ?ﬂmﬁertwmﬂ_ 'I Qﬁﬁgf _rm_rte i
preferably from abou 0 upper tepperature w elimted to
D 1 eaat 1C el BhREES gk rostitss, PG BfoRes SE BB Bargiebrn S,
processes accor dlﬁ@iﬂ%@tahlﬂ?éﬁctbmm_ﬁdeﬂ rEi&feﬁprﬁ@e&sr éalﬁtﬁe uedin EmbiaYoPWiE S ur eTﬁr
pressure range effecfive in carrying out t ol ynmeri zatj.on rocess. e
pressures enpl off &EH @ﬁﬁmpﬁmﬁhg%ﬁag&@*ﬂﬂﬁﬁﬁfgHﬁ%@b“?é§§h§h$mgﬁpﬁébout 3500
bar (350 MPa), pdce¥ery aftlitedt oM the ?olﬁﬁérp(‘o‘iﬁcti’aﬁéﬁecﬁ&ﬂaiﬁﬁUfthé@ﬁheﬁ%acﬁ 50 Mpa),
nore preferably fromabout, 1 bar (100 kPa) to abgut 100 bar (10 MPa), and

most pr ef er abl y i tP 8n nebEstization Rrocess aflgs giy desiwedpapificationmsps. WO 2006/ 009944
PCT/ US2005/ 021647 -33 [0105] In one enbodi ment of the invention, olefin(s),

preferably C2 t 1080 ol &esivdhBy) lifife t&hd ply@beisivalling” is BxIEHiRd abindicafedy | ene, or
conbi nati ons tngreof are prepolyperized in the presence of the chrom um

cat al yst syst en8Y 5iletoR 80 sURPERTPH P theyplypsrgiass Hansihon Srnsrature, Tigner 88 n
pollyneri zat i on. yeRingP8ine AQ FadVBNfittle b diREARRIsY TRl AHuf PoliRERSsni S carri ed

out in a slurry phase at effective prepolynerization tenperatures and

pressures. The [FHBpailyessof thspresent inypntion providss for Bighipemey SPnemEsoR Wononer or

conbi nati on andbemhahdled ReloR AIRHEE with gf%‘d/ hedTtREY 36dubRl BRltorCRALHL! | | NG
agent such as hydrogen. For exanples o prepol yneri zati on procedures, see

U.S. Patent Noshomogenepus polymerizagion gmljor the convenience of subsequent reactions to
be run directly on the resulting polymer mixture.

[0103] Polymerization processes according to this invention are carried
out at any temperature or temperature range effective in carrying out the
polymerization process. In general, effective temperatures range from about 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).



4,923, 833, 4,921,825, 5,283,278 and 5, 705,578 and European publication EP-B-
0279 863 and PCT Publication WD 97/44371 all of which are herein fully

i ncorporated by reference. [0106] The prepol ynerization and/ or

pol yneri zat i oWORP5He84 can be carried out in a batch oRPCTOMNINIGET process.
By continuous is nmeant a systemthat op%'r ates (or is intended to operate)

W thout interruption or cessation. For exanple a continuous process to
produce a pol yner would be one in which the reactants are continuously

i ntroduced into or : eré.b?y i nual |y

wi t hdr awn. [Ololiﬁlmghe rg?i:tg%i&ﬁoge F[eiﬁtnﬁ?%e%?{%pﬁglreiﬁg(ggygeg pr ogzgtgs@ 3%f this

i nvention, wil plefiek at wipbadolefin(sk rnrefenably ratkylest, pheombinatiops tthasepftasen ef f ecti ve

to catal yze the j i relalelaits t.al.0l : eam such
that a suffici emi %ﬁ%ﬁ%?@%%é%aw ng{ﬂgé:gl %&%ﬂ%}%‘c egiri?csntﬁ%s IS
produced. The f desdrilstir abawe iprior tntheamiio dictpmetizationt ainneneaetimdahentysthemer
concentration greater th S weight %. (based on {he total wepght of the
nononers, dil ueﬁ%gdgjﬁ?zgg nalpﬁgctessgﬁsstce °§‘ 8%rg’fear ab Bﬁaesgt & HRARS 15 wei ght
% greater thanpffolymerigatiodteiuperatuedsuad pressubediThe prepolymeyiedtioncad kake

enbodi nent, the {eed-.tﬁtreaggwi || cantai r}nf.r m 3 we]in%@t %10 5? wei ght %
nonomer concent P&tT SH- B3 ﬁBrPl?nr‘i’gle{ 8t & %I g'ﬁtamg?r REREF & 1AEnt, and
cat al yst syst emufoldoslanmeveigiie rcoawslling tapait | suth Jaokydibger. [Foimiekanplesifofi ci ently
to prevent punp cavitation). WD 2006/ 0 44 - 34- PCT 5/ 7 [0108]
In one enbodi nmeRIPYYDEFREUOL, PIRFEAIES, mgaggé"ﬁ@% %de‘{dﬂgégghé%igéet or for
mol ecul ar wei ght,9e8843, ﬂl%l,fwsﬁ ispevetd adﬁmlma,m ahd)Bar@pdali ipubledidER-Be art,

i ncreased concenjrations rogen relative to the concentratjon o
mononer(s) in Pé@ ?@e%?’%ﬁ@éwgm Wpoaﬁﬂ?bﬁﬁo?g]ﬁbﬂ/ﬁﬁ hegein) r nunber
aveérage and VeirbipoRikabgaderemieecul ar wei ghts. [0109] In one enbodi nent of
the invention, a liquid process is enployed, which conprises contacting

ol efin nonomers w pol rization, catalyst in an. gptional solyent and
al l owi ng the nnrllfm?g]s to Ea@FP"ﬁWe”éat?Hf #dzqremqmﬂ?éﬁ “oP“’ﬁF%dEf’(?e%F he desired
pol ynmers. Hydr ogafiedént s0d batdhics céritinbidte pdcéser By bBsttilicds &SBeant ktefiehadl | phat i c

and aromatic solvents, Alicanes, such as hexane, pentange,
operates (or 15 intended to operate) without interruption or cessation. For example

a continuous process to produce a polymer would be one in which the reactants
are continuously introduced into one or more reactors and polymer product is
continually withdrawn.

[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 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).



i sopentane, and octane, are preferred. PROCESS CONDI TI ONS [ 0110] One
enbodi nent of the invention incorporates the use of a slurry phase
pol ymeri zati on process, preferably as a continuous pol ynerization process.
The slurry poMaaePae¥e4 on process is preferably carri ed RERUSZHOSAPA@ISUres i n
the range of fromabout 1 to about 100 at nospheres, preferably in the range
of froml to 50 atnospheres. Qperating tenperatures are generally in the
range of fromOC to about 200C, preferably from 50C to about 120C.
Preferably, the [oqus] ymer iTg ahk Qibb@fieR 6t te %deﬁﬁ@pﬁy&o%dﬁoimdd&éﬂpﬁf feure (230,
preferably above 25C preferably above 278hﬂ%%efer%£ above 30C

A

pref erably abovdeastyeior moleculas weigkt capenl cAy ' fo these skilledingBeithent of t he

slurry process, ifh&sdiRAcRifions 6Qkyatass feflive BREL doibéntrfid dfondmer(gyl SCi bl e in
the diluent or diluent mxture, 1.e., constitute a single phase, while the

pol yner preci pi tiatkesrepgternsabseothgipreduptionypf: polynags o lowss apumbien averagsmndhe

di luent. In one &ghhoti-ABDnolAnsAtdgl Oor co-diluent is added to the
reaction processm%n aeﬁ%ar'?}ecu ar enbodi mrent, an al kane having from 3 to 7
carbon atons, preferably a branched al kane, is added. Preferred al kanes

i ncl ude i sobut arl®1%hd i sdAerasmbodigsnd ofibe oryerdion, a lipud progest SxowlYeR1647

[0112] A Preferrvﬁﬂch%ﬁbﬂ%!céﬁhétﬁﬁ ol HtinBErs Qithl JoBmicnivAdhi cAfdlysSin'Af €rred to
as a particle formpolynerization, which is essentially a slurry process

utilizing a supptienabgolet and gllowing tes mongwers tonfsestafor eesufficiqub Himeye| ow t he
tefnperature at | gl [ﬁ!ﬁﬁ 08K dbolirBorS s Okt G} kgue is well
known in the ar}tﬁ?édgged@% e%%ai%e ﬁ Fﬂole%s% aﬂ%‘é&h S. a@gten%lg%om 3, 248, 179,
which is fully indwlepdiphatisdandnaromitic bslventst e Adksoes, s@ihas hexage,r genpnecesses

i ncl ude those e i r]ﬁgﬁ.&ﬁr and those utilizing a plurality of
stilrred reactor ﬁpﬁﬁf%ﬂéﬁn@g&t‘&%ggl el, " or conbinations thereof. Non-limting
exanpl es of sl urgpo@kSse Tidg§ude continuous loop or stirred tank
processes. Al so, res of slurry processes are described in U S
Pat ent No. 4,613, 484 and 5,986,021, which are  _herein fully incorporated by
reference. [0113P18h one ipyarbiodiment of the invention dncorperatesithe YR Sy process

of the phase polymerization process, preferably as a continuous polymerization process.

The slurry polymerization process is preferably carried out at pressures in the
range of from about 1 to about 100 atmospheres, preferably in the range of from 1
to 50 atmospheres. Operating temperatures are generally in the range of from 0°C
to about 200°C, preferably from 50°C to about 120°C. Preferably, the
polymerization temperature is above room temperature (23°C), preferably above

‘ 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.



I nvention is capable of producing greater than 2000 Is of polyner per hour
(907 kg/hr), nore preferably greater than 5000 | bs/hr (2268 kg/hr), and
nost preferabl reater than 10,000 | bs/hr (4540 kg/ hr). In another

enbodi nent t h&&HHI9%4t eact or used in the process of tHRETURGHEANE i s
capabl e of producing greater than 15,000 |bs of polymer per hour (6804

kg/ hr), preferably greater than 25,000 | bs/hr (11,340 kg/hr) to about

100, 000 I bs/ hr (45,500 kg/hr). [0114] In one enbodi ment, polyner granul es
alnd suppor t ed cqomlglyst p?biefdﬁﬂeﬁ?crlﬁhﬁﬁ@ﬁﬁﬁﬁﬂh?&oﬂ??indemianisgeﬂeﬁai fon the
slurry reactor, and the urry diluent is. a of | uor ocar bon. . one or nore
hydr ocar bons, Orasmpﬁhgl,e g“’%]’ﬂ%)‘%%??“‘ﬂ”n“’h‘ﬁgls eé??ﬁ%ﬂbrf’eﬂ"t‘fyﬂrﬁ@‘%'ﬁﬁ‘?@ﬁtar ation of
solid particles suppdrt®catdlyst (wierkifi tiRGeBperitare & keBl RRIwEthe tehiparatuidat whidime
percent. In another enbodi nent, the s§)l id particles are present in the
slurry at a condBHPPIERFIO#PeR dilFolEtpny  Syspd Ug Kawelbknaye) iee gy @nt . I n yet

anot her embodi MefRberibbd B B inktdndeas 5] P NaI' 8248, EBE Rhich s full§ idoipofayedat a
concentration |ess than or equal to 75 vol une ?ercent. In yet anot her

St
embodi nent, t he hsEin By refarencec| Othep slurny rracspses ineludp dhase fploying & 9fPent r at i ons

rangi ng from1 t@, R Xelhie uﬁﬁﬁﬁé:@;b%raﬂt?%@sﬁn&f)re?a&ofé%L&Ei?mpgirﬁl?dilt(»r from 10
to 70 volune percent; from15 to O volune percent; from?20 to 70 vol une

percent; from 25ombingtipng othemef. peNenelimiting f ¢xemple® afoslmy \ropagsres peqhadent ; or
from 40' 10 70 volugRoReigen: (H0:206pA0834¢ AGT/ URPUSLIAIONE b REACTORS

AND REACTOR SYSTE ne or nor urry reactors in serres or in
paral | el nmay be precssbes pre deseribed imAd.St Patent M. bl 484 el §,9860128, whichraree gas

phase reactors ' pstream or downstream of the one or
SrE PRl B Bl oinck

nore slurry rea onponent (s) (and any activator enpl oyed)
may( be delivered as a solution or slurry, either separately to the reactor,
activated in-1in8l§3kst pringmeembpdimente thetreactor gped iprthe sliiry prosess #fidhepunped as
an activated solijtdash Qloasibidlof Yrokifkidd Gredteraiin000 fbs oPp&AlRE RENARWA! | ON 1
two sol utions act?\lllat e@c?]%-‘éion I.O Foré?ﬁ% or mal?zlr on on Fre?ﬁocfgp to?? nt r oduce

mul tipl e cat al yskgdr), mote prefarablygssates then 680dbBe 42268 kghndandMmaaprefesbly Al .
Wil e these refe Shall8 ' e ;F&QP ques
described are eqégﬁqﬁqy apg1olﬁdgig’glﬁ€t4§ ‘g) %@Eﬂ?@%&é %ﬁ’g‘f%eng%tt&loér@, nc {)eri ng
conti nuous used in the process of the invention is capable of producing greater than 15,000
Ibs of polymer per hour (6804 kg/hr), preferably greater than 25,000 Ibs/hr
(11,340 kg/hr) to about 100,000 Ibs/hr (45,500 kg/hr).

[0114] In one embodiment, polymer granules and supported catalyst
{ particles are present as solid particles in the shurry 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 shurry 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 shury at a2 concentration
less than or equal to 75 volume percent. In yet another embodiment, the solid
particles are present in the slurry at concenirations 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.



e v e teemprepe I

stirred tank reactors, slurry loop reactors and the |ike. Polynerizations
are carried out in either single reactor operation, in which nononer,
comononers, catalystlactivator, scavenger, and optional nodifiers are added
conti nuousl y WO 2806/08%94gl e reactor or in _series reactor @®pEUSIINIIE4T N whi ch

t he above conponents are added to each” 3t two or nore reactors connected in
series. The catalyst conponent may al so be added to both reactors, with one
conponent being added to a first reactor and ot her conponents added to

ot her reactors. phQERIRS n!%iﬂ@ LOPBRISEBAEM@ continuous flow stirred
tank-type react 'E'a'ct'o'r—l'rgenerallyfltted wth an

efficient agitation neans, such as a turbo-m xer,k or eI I er(%%
external cool i N} ¥cket QﬂﬂPbWOﬁeﬁlWﬁﬁqcm&)'BlsPrﬁFéofﬂb% s, or
other means of HaNBVidign fk@teﬁﬁa&elﬁfonagk YER g&aﬁﬂamehaomﬂ@bﬁbmwe desired
reaction tenperature, inlet nmeans (such as rnlet pipes) for nononers,

di l uents and ca@lﬁﬁygp%ree@mon@&ﬁeem %feﬁbaroa@ OF yyore slumy dEetus- e @Bt ng neans,
and an effluen lany RGedih: @5 2Blse e di l uent
and unreacted %?D dssj)gé#gng otigfrawte gs, %}hvﬂéhb%%ng gr um or auench
tank. Pref erab$lwy,teﬂherrsautamb¥toltbe qgaﬂtge@ﬂbﬁtedammnamﬁtmm the eeactoner skilled in
the art wll S r at T tors are
preferably deS|%E&g%é&agc{eﬁﬁﬁv%da%oo?%waéﬁ%l@@ﬁ (ﬁe"ﬂc ttgl‘ﬂgtréagﬁg %[Dnomars

Wi E) hin the reacpmfe;recygmiahonwtbfulsdnmsamv@tséuelmemmbnnfonntt@nmmeﬂtoﬂansf er
tubes or coils,. an n f M 1647 -37
t hroughout the Pe%% d%o%hllvo Ie cwagm I reé}‘%"%ces?g\%g%é’?f% accg%ﬁlzzat I on or
separ ati on fromAtheWtil¢ theset refe[rﬁxt&?ﬂaylemphm@s phasbadacnm;ttha)fechﬂnmes nventi on,

a reactor capabje of erf cQn Iur ro ess...such as

di écl osed in U gescr@’eﬂfge ﬁ%&‘%ﬁy alﬁ'gc .‘en‘°|°51‘k"65$ 3%“05%/7 %‘f rgecognnuotﬁss used. A
reactor punp |nmfeﬂmkireacarmhlmliopmactbﬂaemtthadlkmrPoﬁ;mbmatmnbmemﬂm&d]e

up- punpi ng vari ety.or varl .et [01181 The order of
contacting the R¥n ‘freélﬂglﬁﬁ%é‘r?? x’hﬁ ohi PPAFLE  COROPOR T uent may be
variable. In on&tﬂyéﬂadivmﬂtscavteﬁg@r lafidl bpt&inﬁlrmaﬁﬂers ﬁl@taaﬂe}dsdonﬁ:[tﬁuwariorfm exed
by m xi ng toget her in the sel ected dil uent for pragscri bed amount of tine

ranging from 0. B8E ZRG10H OF 1 SeesEAFIE oPefAPDy Meyshie ove components are

added to each of two or more reactors connected in series. The catalyst

component may also be added to both reactors, with one component being added

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

[0116) In one embodiment, a continuous flow stirred tank-type reactor is
( 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 ouiflow 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



Injected into a continuous reactor through a catal yst nozzle or injection
apparatus. |In yet another enbodi nent, catalyst and the initiator are added
to the reactor separately. In another enbodinent, the initiator is bl ended
with the feeasloemenomers before injection to the react opcr/besisrodfshy, the
nmononer is not contacted with the catdfyst, or the catal yst conmbined with
the initiator before entering the reactor. 10119] In another enbodi nent of
the invention, the initiator and catalyst are allowed to pre-conplex by

m Xi ng toget heg | sel ecte |l yent .at %g;g) Sk ngéﬁﬁe -40C and

t he freezing p%]folrlllgh legﬁ%eefeaa‘[?t?frneg%&‘lt Eoe%oﬂl(?t%cn , %l?%&;&é'on.ac tgli’ me bet ween
0. 01 seconds asegarstioncfrcanh thiadiluent. and bet ween 0.1 seconds and 5 m nutes,
preferably I ess than 3 m nutes, preferably between 0.2 seconds and 1 mnute

bef ore i nj ectiml-hnto tﬂggxﬁ{gg&téﬁbb- Qiitﬂeniﬁ@nttio npt e, | gent of the

I nvention, the 1ni'tiator catalyst are allowe 0 pre-conpl ex by m xing
t oget her in t heerfoghiag tae continhane sturryt procesiysechassudiedoded timdsB. 5.80093nd 150C,

typically bet . I ' ically
bet ween -40C ﬁ%?@%& ?&?&7%%§’6§/§%I ‘{ﬁ?ag{gl}g‘gnnﬁc%ﬁ&ngé #{ﬁnﬁ ?)ﬁ’gy’?eact or can
vary, dependi ntije mpcinr andfcan beeofahgdpepumpaigarhnyely orthe dowint-mungping vadetyent r at i on,
nononmer concentration, feed WO 2006/ 009944 PCT/ US2005/ 021647 -38 injection

rate, producti ate, clj Qn : , esii I%HI r weight.
Resi dence ti netb\l/i\nnfll gengﬁgl%g&b%f %eE \Aee%qgﬁonﬁ?ﬂ&glefe%éds%éon 4 dr’afive
hours, and t ypingaldryaigedivernmap batvaiiblandn 69e wmhodiment, heviaitistablasd i nf | uenci ng
resi dence tine_j no .l i We! 1@% and the
overal | react%Arté%%%enggﬁ'ﬁn%f%{]hg%lﬁgﬁég%&g%o %gggcé?%go [ nﬁﬁ‘%‘ %f t he

i n\F/]ent i on, t hepescabeb smamn of tisecangingfioro k01i szcand| tookd hmess aod then im stirred
tahk reactor. Wt hdrawal of paol [ roduct. fromthe reactor n be
acconpl i shed b]ﬁeg%gé@%?f%ﬁlﬁgmf%g%%%’f@ aF%ﬂwtinﬂ%??ﬁmwglﬁPagﬁa% rawal or by
conti nuous wi t hdyavaabthaf embgdimdnt, cxatahyt dndeths lindtiatyr. are laddedr 10 the @edctomd t hdr awal
is typically driven. by a differencg bet en.IE}e density af .th ol ymer
product and th%el’ﬁté{gf i t R 0 GE‘B?‘E‘E?H?’. n'g 5rlfietgfﬂdﬁ¥ A, 8 %E‘ﬂt,

monomers before injection to the reactor. Desirably, the monomer is not

contacted with the catalyst, or the catalyst combined with the initiator before

entering the reactor.

[0119] | In another 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

t 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



pol ymeri zation slurry is circulated within a | oop reactor by nmultiple punps.
Typically in such an enbodi nent, the reactor volune is greater than 20, 000
gallons (75.7 kiloliters). [0123] The overall residence tine in the reactor
can vary, depdHit¥¢P%%H¥bn, for exanpl e, 5$talyst act i vi tRCTAH3008/B1E48Nt r at i on
nononer concentration, feed injection rate, production rate, reaction
tenperature, and desired nol ecular weight. Residence tine will generally be
bet ween about a few seconds and five hours, and typically between about 10
and 60 minutes. ijettivhi B, Groduklicte Rié, NGactive Stexdipsistare] af® deSirddhoRBianer and
di luent feed injectiogﬁn&tes,and, he o egagl rg@gtor vol une. [0124] In one
B ¥ °F

enbodi ment of t hE1gHhy Ketidsnpe tipp aill g CUY PRl ARPUIP fopv sgco i e yiel d
greater than 2. 6hduRsodd tyfiohily( Btk abs@ift 10-add 60 Mitnétes)al i vaeibie iriflaencingeact or is
operated at a spaqg time yield greater, than 3.0 | bs/hr-gal (0.360 _kg/hr-1),
al ternatively grigdfesre fifegas Shegnengaer puddiluentfeedyimegiqn fategjand gy gusrall) ' anot her
enbodi ment, pol yiBkdrZafunen sl urry in the reactor has a vol unme percent
solids greater than 50. Preferably, the volume percent solids in the

olynmerization s in the reactor,is greater than 60, re preferably the
\eolﬁrre per cent s@ﬂrz&)s/ i n pererding © apothes spedimen Bf'ﬁl‘g’lu’r"ﬁ“t’tf’l‘}etg?@a& ofal s grgater

than 70. WO 200640324 4uile b/ 1b6p2R8kdr 02 hGfifed tadOreddi6r. VWithi¥Bw4) OF f6ldhersol i ds i n
the reactor is neasured by visually observi,ngd he solids |evel (%f a
representative ek, o Jhe reacigr cathbe peeqrphisy LORAeRTHRS the ‘;é;gls % 1 owed to

settle at satur aniefhitit SHthdfa®al & B Sdnidoud wahidrawdlbftahpoitidiPs¥se eRmaRAt  met hod,
the volune percent solids_ is determ ned by observing the hei ght_ of the

settled pol ymer Jterpiftentsdthdrgwalig typicglly deiyen by adifferemce betveg the fasipheler ved
Qﬁhg ht by the hgi ghymé&f prbdift id&lttﬁé A&RR} bivife &G, EInof ?a}t'il%laf embddiReht M Xt ure,

wherein the cros sectional area of the sight glass containing the

captive sanpl e i BobmrEzalioResYEy isheirculsted swithin @t lom agacter by RltiplecPupPst i cal pi pe
of the pi pe-| 00PTyRARY & syd?REPHEHodREAMER Yodkfi 3Bhund20b YaiBiier REQIYE 00! hat

| eaves the reactor unit of the reaction system contains entrained materi al
that shoul d be sgaersd7edkilelitms)t he pol ymer. |ncl uded

[0123] The overall residence time in the reactor can vary, depending upon,
for example, catalyst activity and concentration, monomer concentration, feed
injection rate, production rate, reaction temperature, and desired molecular
weight. Residence time will generally be between about a few seconds and five
hours, and typically between about 10 and 60 minutes. A variable influencing
( 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 lbs/hr-gal (0.316 kg/hr-I). Alternatively, the
reactor is operated at a space time yield greater than 3.0 Ibs/hr-gal (0.360 kg/hr-I),
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 shurry in the reactor is greater than 70.



in this polynmer product are unreacted nononers and undesirabl e hydrocarbon
by- products of the reaction process. Also included are any diluent and/or
solvent materials that are not reactive to formdesirable polyner, and are
especially pMSOOMPA%*t with regard to rgnoval and/or r REFESRPAPSI27] A
substantial portion (i.e., a mgjority) of the polynmer product is separated
fromthe non-polyner product by sending product effluent fromthe polyner
reactor to a polynmer recovery system The pol yner recovery systemis

oper at ed by confhelvbluing parchirsbiédsyin dlic ractanie neasirddrind visliatiy obseerqirey tht ur e,

pressure, vapor-ljqui eparatjon systens., a RUr ge syst . or_yessel s.
[0128] In one eﬁ?}%&*&ﬂ?}’ﬁﬂ?ﬁ‘%ﬂ&“ﬁ%”ﬁﬁ?ﬁg eéé‘é‘@&?@%ﬁ?ﬁ?ﬂf“ﬁ%%?%“ﬁ% the use
of an inert gas all@vdduiogRtitlerat SetitaiorD pessuredits kight glantIhatusateasmemedtal from
the polynmer produyct. The inert gas.|s conpqgsition that is_supstantially
non-reactive w _°9hté‘°ﬁ61FVﬁé’Fr°5‘gé tlﬁgﬁﬁa@&ﬁw&mma erheihf Y BF ent
quantity as a diétMéd}biynidt pAticlbin HRRARMAEISss bhEditidihy BES H¥eFeCRiROBLMes from the
pol ymer product. Exanpl es of _useful inert gases_ i ncl ude air and nitrogen.

[0129] In a par bpight ofthesteish ernties famplsoph the Feaction puixtyree and haseip the Apsi e d

material s such @gtidil @RE E the FPAP PRds, coldin@ GRS BBRvemBleasi Helsampds @l uent such
as hydrofl uorocarbon is recovered froma pol ynerization reaction process and

WO 2006/ 009944 PO} esimebresof the pertical pingof the pipedogpdraptter recovery system
Preferably, the polyner recovery system includes a purge system or vessel,
nore pref erabl ymm the polymer and associ ated entrai ned
materials are sent to the purge system The inert gas conposition is then
i nput into the [ei2ge Sys tPelpnied prodiid ¢had leavhs ithecrepttr uhip of tha teastionesysternat eri al s,

t hereby form ng a pur stream. ich is, recovered from.the pur system
[ 07301 Ent  ai nedorRE AR AR ShoE b fepaet fim PR, Dt g
recovered as a [withpobinice pidtifct ifuhftactedmhyitiersind dhdbsirdbie Hydrkababby f urt her
Fract;on or ot PEMSCLIEGeHHER JEPER ABHALY FF o ReICgRE pe
appropriate. |t nderjalsehatr &€ chot tdalivetiol fofiitdesit®leUpylaing! et aRN@pRallpe

separated and returned to the reactor..
P pro%lema%c w?th regard to removal and/or recovery.

[0127] A substantial portion (i.e., a majority) of the polymer product is
separated from the non-polymer product by sending product effluent from the
polymer reactor to a polymer recovery system. The polymer recovery system is
operated by controlling a variety of parameters including temperature, pressure,

vapor-liquid éeparaﬁon 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 substantially non-reactive
with the polymer product, and can be used in sufficient quantity as a driving force
to separate the non-polymer components from the polymer product. Examples of

useful inert gases include air and nitrogen.

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

as hydrofluorocarbon is recovered from a polymerization reaction process and



These streans can be separated and recovered as individual streans or as a
conbined stream If in inert gas is used in the recovery system it is
preferred that the inert gas also be separated, preferably as an individual
stream and r &Y for reuse in the ol ymer recoverfcﬁ}/@%oéﬂ?zéﬁa/ or in
the reaction portion of the polynerization system [0131) In one

enbodi nent, the effluent fromthe polynerization reactor is flashed in a
first flash to vaporize from about 50%to about 100% of the liquid nedium

t o produce conceeitriatacpblyrodryenvergf dybterantPrefciblya ftherpolyttr Ireauerg . syfierashi ng  can
be acconplished.b educi n ressure, or b eati ng. Pr.ef erabl t he vapor
obtained in the“fcxl} ap}ugggy orsereh DOFF rpﬁfaﬁfy& %"‘r%laﬁd?‘ﬁeﬁ/ dr i s
condensed W t hatd agosimed® stiaiivd nfubaialied sept 6 e Phigy siysers.OMhE @spteghsby heat
exchange. Preferably, the fjrst flash is operated at . from about 140 psia

(965 kPa) to abGOEPOsting is,then,inpy {nfo the pusge sys Puies onate P8t e FEfent |

pol ynmer solids &iaﬁbrﬂis?ﬂi&%bﬂ@&nﬁﬂgoﬂb&éis&ﬁn, WHichS rtRvéred @eRMle fplggh t hr ough
a seal chanber. The seal chanber prefgerably is of sufficient gi mensi on such
as to maintain &%BPune of polymer solids/slurry in the seal chanber
sufficient to maintain a pressure seal. WO 2006/ 009944 PCT[ US2005/ 021647

-41 [0133] In anfor3opr entEmiaiiedt gongohaen ipraincidmartiyinbat &f fdptared add
vaporized liquid are continuously separated. In a preferred aspect, the
concentrated polSAPEFERAF Fufig gE‘Ps ?|P3!¥HJ§BPN48%{ Iéélf?)feﬁ'ablp’l ‘ﬁgﬁ“to
vaporize |iqui depardieBitlo dofhpoitat RIBHEAE ¥Ry Plurality o Girdaf @fd bRA frabtitd: or

pol yneri zation effluent . fromthe polynerization reactor is, heated and then

sent to a flash SBEA sipredrrecyclegop yentedifrom the gustene ps spproprigle; dhis @Feftednt i s

heated to a tenpkiakivém e lawadtb@Pmbathdbe sefRE! AMdfefurdd fohBe BQLiFEr . The
gquantity of heat supplied to_ the pol P/ITEI’I zatigon effluent is preferably at

| east equal to tlhsie ¥ieame ices befs i rerovetRd s Singlividual esieam pr 9801 i zat i on
of the Iiquid megnymbdkticaR. tﬁnﬁ&ngﬁsﬁh@ahﬁﬂer&eﬁéﬁéy&ﬁeu r¥eR¢d thatl | ds can

be separated by any appropriate p‘?dy& cal neans_as ‘we e non-limting
exanpl e is to sdbsmingt gas 9k Ysorenamied, grsfarably gsragrindividual stream, and recovered

for reuse in the polymer recovery system and/or in the reaction portion of the

polymerization system.

[0131] In one embodiment, the effluent from the polymerization reactor is
flashed in a first flash to vaporize from about 50% to about 100% of the liquid
medium to produce concentrated polymer effluent and vaporized liquid. Flashing

{ 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/shury in the

seal chamber sufficient to maintain a pressure seal.



the diluent using a centrifuge apparatus. POLYMER PRODUCTS General Pol yner
Products [0136] The pol yners produced by the process of the invention can be
used in a wide variety of products and end-use applications. The pol yners
produced by MBS of the inventigy.include |inearPCTERA0GLHY y

pol yet hyl ene, el astoners, plastoners, high density polyethyl enes, nedi um
density pol yethylenes, |low density polyethylenes, nultinodal or binobdal

hi gh ol ecul ar wei ght pol yet hyl enes, pol ypropyl ene and pol ypropyl ene

copol yners. Dendd¥33] [ 013i] afidtieer perthyodiment, praodertratid apolymei refilucot tand s
invention can b I ced at any. densi Ltakle for.the appropriate end
use. In one enbgﬁo%é%ﬂhqu%héfeecﬁnélﬁu%%@p%%’ﬂﬁlégd h?/l%rfémﬁgsaé%%{jo Vrer s

havi ng a densi t yoncenttdedl paipger efluent sy Gs Béghed dn taoseBorfd7flagh oo . vaparize Some

appl i cations, aldegsity in the range of from 0.88 glcc to 0.920 g/cc is
preferred while ot her applications, such as pipe, film and bl ow nol di ng,
a density in the range of from0.930 g/cc to 0.965 g/cc is WO 2006/ 009944
-42- PCTI US2005/[033b47 [nehermbodimbirof [tiewmdention,tthe polywamzation sfflotntas f or
filmapplicatio demsity of 0.910 . g/lcc. 1.0,0. 940 g/ ce is preferred.
Density is mas@%%ﬂ@%’& %Fé’ﬁcrgactvﬁrtlﬁhg"i\ d%%%?gfgﬁgiﬁk/bop%%qnar Wi ght
and Mol ecul ar WePraftrttily,3he pdbythérization@HRBht isTheatep ¢d &/ tempararedatiomettic igionhe process
of the invention can be roduced {,n a wide.variet f .ol ecul.ar. wei ghts and
nol ecul ar wei gh?emP(ﬁ%"fr? f’f)@?ipgﬁ?.er‘ St °§&eﬁa§m‘¥ﬂ&“&ﬁ£@?€?ﬁ8& nol ecul ar
wei ght (Mny) and effluentie prefershlpgdeasDéqmalltb &at ywnGiytof (bl Whichregquals the deabl y
determ ned using,.a Waters 50 Size, Exclusi.on r t ograph (SEC) equi pped
with a di fferen%f&@@@?‘?’éﬁ%‘?/gqmémﬁma’ CB&tBPg;g%g‘;, an online |low angle
Iight scattering (LALLS) detector and a visconeter (VIS). The details of

t he detector cal[p138ht i onsTherpelytes solidsesh by separattd by anf apiBopriate, pigsicd®.  Chance,

and W W G aessle VagGr | ecul e Vol une 34 Nupber, 19 12- 6820,
20001) . and ar o e s, U it ng SRl i Seoard S ShlvRe sobdy ok 2
produced by t he tiprdinesasiog a tdntrifageappiratasy can be used

POLYMER PRODUCTS

General Polymer Products

[0136] The polymers produced by the process of the invention can be used
in a wide variety of products and end-use applications. The polymers produced by
the process of the invention include linear low density polyethylene, elastomers,

{ plastomers, high density polyethylenes, medium density polyethylenes, low
density polyethylenes, multimodal or bimodal high molecular weight
polyethylenes, polypropylene and polypropylene copolymers.

Deunsity

[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/cc 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/ec to 0.965 gfee is



in a wide variety of products and end-use applications. Preferred polyners
produced herein may have an M (nunber-average nol ecul ar wei ght) value from
300 to 1,000,000, or between from 700 to 300, 000. For |ow wei ght nol ecul ar
wei ght appllcﬁpﬂﬂﬁﬁmwﬁbch as those copolynmers useful inPCTH0EAIAY and f ue
oil conmpositions, an M of 300 to 20,000 is contenplated, or |less than or
equal to 10,000. [0140] In one enbodi nent, the polynmer produced has a

wei ght average nol ecul ar wei ght (Mw) of 40,000 or nore, preferably 60, 000

or nore, prefer plefeyred 166 166}QieM1ty@lya1erspmh€aﬁ &blﬂlmlaaﬁh@ﬁalspa demite of pr ef er abl y
150, 000 or nore

|l g a wei .aver age noj.ecul ar
wei ght of 40, OOBfgg(fg/ﬁBF‘b P& ﬁ? é"f%F’racE pqsgyés Wﬁﬁsg‘r‘?ﬁ 13 9ee rﬂi’lﬂécul ar
wei ght of 60, 00ASTM m&hs fises.preferred for blown filmgrades. [0141] In an
enbodi mrent of the invention, the polyners produced have a nol ecul ar wei ght

di stribution (Nmmmimjgmsndm;mﬁraw@:mwmfn wei ght average nol ecul ar
wei ght to nunber average nol ecul ar wei ght (MAD = WO 2006/ 009944

PCT/ US2005/ 0216 . sone
enbodi nent s, glynerﬁﬁggggng%ﬂghﬁé%fﬁ¥roﬁrm% ?fgw v ?J§ﬁ%F€ i n ot her
enbodi nent s thepmdtopdem pr wille cextietyh af molMxﬂafrl\Mexghtsfandrrmlmuihr Sveight 50. [ 0142]
I n anot her enbodi olefin uced ha | ea peci es of
nol ecul ar wei gh Wdéjfe:ig?}ng%efﬂt Q%H%ggveaargg nb % v eéﬁsn% W\I\gtﬂ%‘? t han

wej ght % basednumlﬁnﬁa\abmemowcuhnmglamh srcq:rﬁiralﬁﬁ’ﬁbtmimuisag aWEiteit

di stribution. g& er [0143] The ¥ he cess of the
i nvention can E)/g g’ﬂ’é‘é‘ lé’é%ff‘ﬂ @‘H‘tdg g?‘é“é‘&%fe‘g tﬁf’%&%ﬂ%‘?@?ﬁ?‘%@ﬁ mel t

i ndef(’ plegendi( Rﬂgndwpmctoﬂgaml)woanﬁb M&Qnglbngmm@u&mgqmmM e detéchﬁaﬁwhynersf have
a nelt index as a range from
0.61 dg/min to e&%%h Thedjﬁfr;g Eﬁ&!‘?&‘%ﬁ‘ﬁi‘% g‘?s"‘ﬁ’eég é‘gﬁ W n to about
103 dg/{n' n, ]gavem BehE Rme(f:maé?la)ﬁdfwow abaskklef). Mdcrépolbdules) TombreW4, SO dg/ m n,
and most preter %lbum%er 19, &12—6820 (2001), and are incorporated herein by reference.

[0139] The polymers produced by the process of the invention can be used

in a wide variety of products and end-use applications. Preferred polymers

produced herein may have an M, (number-average molecular weight) value from

300 to 1,000,000, or between from 700 to 300,000, For low weight molecular

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

compositions, an My, of 300 to 20,000 is contemplated, or less than or equal fo
{ 10,000.

[0140) In one embodiment, the polymer produced has a weight average

L 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 =



about 0.1 dg/mn to about 10 dg/m n. [0144] The polyners of the invention in
a preferred enbodi nent have a nelt index ratio of frompreferably greater
than 25, nore preferably greater than 30, even nore preferabl reater that
40, still evé¥P H8V¥*Yteferably greater fhan 50 and nosRCHYRMEPURA"y great er
than 65. I n another enbodi nent, the polyner of the invention has a narrow
nol ecul ar wei ght distribution and a broad conposition distribution or

vi ce-versa. [0145] These polymer products are al so characterized as having
at least 10 pivih/df), of gicaterathanf 1. dorabme 7 Bsseme pmpodithents Heypolyeevlssa 10 and

10, 000 ppm of il Mori.ne present, .pre era@ll et.wee 0. and 1 pm

Appl i cations [M%]Of%ﬂﬁ?@?@ntﬁr%dﬁlg%’dnﬂ e%/?’f'é Os'%eél%s © ‘?yt? r(gpo%ﬁ(\:/egnti on and
bl ends t her eofhasa M debfifron shoprDWE0 Nng any variety of articles. For
exanple, the polynmers are useful in such form ng operations as film sheet,
and fiber extrusi and g0 2006 20 4 - ext rusi on
as well as bl obtﬁirf%ﬁdi ng,ﬁllarﬂo\/\gc ?ngl??%l%el%g#%g&%g&r%&rg%gﬁo dﬁzrl]%w ! s

i ncl ude bl own apea@sif nfoldendar Weighte dProferablyelidth symcies a prdsgnt hbgreatextthann usef ul as

shrink film cljyng fil stretch fil aling.fi oriented filnms, snack
packagi ng, heai\py%aﬁbg/%babﬁgfd ‘éprof}cie 8}1%%%& a sea% a’@ﬁ:g P lc?%'ggnr o packagi ng,
medi cal packadliswgbutiondustrial |iners, nmenbranes, etc. in food-contact and
non-food contact applications. Fibers include nelt spinning, solution

spir,nni ng and neMeltdbdoan fi ber operations for use in woven or non-woven form
to make filters, diaper fabrics, nedical garnents, geotextiles, etc.

Extruded arti cl l@ﬂ%ncl ud@hgﬁg&xﬁ%ﬁgﬂggw&q’y {ge ?goqe@ngu@g%&n@aégnn&s, pi pe,

geomenbr anes, and pond |in . articles incl single and
mul ti-1layered ciyeduced egcorsing torn dasised o predsteniined (melf indexn epending yeonhol | ow

I . )
The mel t i ndex (RO oaantdn f! SRS pofies e ML iERar RI MRS ¢ 2716
kg), the melt iassdesesured H0ASTHIR)-12H8<E, dethe range EdmfQ-QIrdgfhio te H00alg/min,

more preferably from about 0.01 dg/min to about 100 dg/min, even more

preferably from about 0.01 dg/min to about 50 dg/min, and most preferably from

about 0.1 dg/min to about 10 dg/min. '

[0144] The polymers of the invention in a preferred embodiment have a |
melt index ratio of from preferably greater than 25, more preferably greater than
30, even 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-



of the M neasurenents at (1900 C, 21.6 kg) to that at (190 C, 2.16 kgQ).
Measurenments were started after about 6-1/2 mnutes. Density [0148] Density
in g/cc is determined in accordance with ASTM 1505 and ASTM D- 1928,
procedure C, pYAYUE¥&paration. A plaqug is made and CRSTHRISAEET or one
hour at 100 C to approach equilibriumcrystallinity, measurenent for
density is then nade in a density gradient colum. GPCMethod - Cel

Permeat i on Chr onat ogr aphy-DR! Only [0149] This nmethod uses a Waters 150C C
GPC gel perneat iemmusimlmmautas@lcapﬂnomgiipjeﬁiﬂ;n\mmdilngiaﬂmm}smdldﬁ@erf‘dmi al

refractoneter tha sures dj nce twee fract.i.ve i ndex of
the sol vent and l?ﬁi‘é{g% w’fﬂ‘é"%‘&%@’éﬂn#’ &?eﬁ%’fb‘mt?fe 3?&5‘&@8‘?13?@5 Bol yner.
The system was u;hmkmin &A@ﬁﬁnﬂb&hhﬁlﬁ,séﬂniﬁlﬁlbﬁﬁﬁeﬁﬂ&;m&wkﬁ%}m t he

nobi | e phase t hat st.abilized wifh -250 of 2006/ 00994

PCT/ US2005/ 0216458V Y RIEY | OB FRF ch?%e%t%‘ﬁjgﬂ ypac 3¢P’8€b°ar‘ate used
was 0.5 nml/m n. phtkagiag, mﬁeﬁmvmfersl_meﬁlsraﬁe@ reteg i) foal-eﬁitact\/&ﬂd&ﬁnsodambms were

used. This technique.is i sgussed ! lvacr npl ecul es, Vol 19, pp.
6812- 6820" whi c{Pplicati ‘?"ﬁcgﬂ’ﬁ'@ udg nyg w&w@e&m%eﬁ@&wﬁ separ ation

efficiency of th?eﬁﬁ&ﬂdrf& ®Rtin WaSerCaH AoRiwiverl fo#l 180ndke fRfs! Bitp ffatidg,r ow MAD
pol ystyrene standards, which reflects the expect ed MWV range for sarrpl es and

the excl usi on | im§dical GHMENs geatextiles, el tExtnided agicles ingndemedical; » W81 yst yr ene

standards, rangijg cafb'l&é@aMgs ﬁ&ogéﬁeﬂagraggoatﬁ%nd WRHE MSIBSH arliQesARiIRIAL € t he
cal'i bration cur ve The ¥a(y yréne standards are obtained from Polyme
|21

Labor at ori es ( Arfiiglesan o gonsteations) i the fomy OF bottlesy tanks; lacge hollow, naI

consi st ency, th%ﬁdlav&%@f&db&tﬁggrggﬁt@g &or each calibrant run to give a
co n peak position for the flow rate marker (taken to be the positive

i nj'ect peak) befgxempigiker M ning the retention volune for each polystyrene
standard. The flow narker peak position thus assigned was al so used to
correct the flowrdgsadeaplden anal yzing sanples; therefore, it is an essenti al
part of the calibration procedure A calibration curve (logM vs. retention

volune) is generﬁiﬁ? by rﬁ%:e t [idex a}ﬁ) w% %régslugeﬁ in accordance with ASTM D
1238 (190° C, 2.16 kg), the melt index ratio (MIR) was determined from the ratio
of the MI measurements at (190° C, 21.6 kg) to that at (190° C, 2.16 kg).

Measurements were started afier about 6-1/2 minutes.

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 colummn,

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 refraciive index of the solvent and that of the solvent
containing the fractionated polymer. The system was used at 145 °C with 1,2,4-
Trichiorobenzene (TCB) as the mobile phase that was stabilized with ~250 ppm of



volune at the peak in the DRI signal for each PS standard, and fitting this
data set to a 2 nd -order polynom al. Polystyrene standards were graphed
using Viscotec 3.0 software. Sanples were anal yzed using WaveMetrics, Inc.

| GOR Pro and WA%esd0¥é 3. 0 software using updated cal i brP&T{USHI¥BMST ant s.

[ 01511 A preferred procedure used in the present application for

Differential Scanning Calorinetry (DSC) is described as follows. Peak
melting point (Tm), peak crystallization tenperature (Tc), heat of fusion
and crystal | i ni bytylawdrigddey eluwene BHS I Tig fldwerakonsed wan §. SpmbadsluTareaccor di ng
to ASTM E 794-8 D fferept.ial.scanni calorinetric, (PSC) data .was

obt ai ned usi ng ZPG}W“III@??%HE tPs!‘gﬁJ(a)ﬂQ’fcg%Q%‘mﬁ’éscWFﬁe‘?s a brigue JRi ng
approgi ga'lt)el ]}/ 7 -disQusea lin/\/eMGcrﬁﬁalle@ﬂes% Vol MIS%MQSWLGSIQ&B c; ifr}aiieh DEC data was
recorded by first cooling. the sanple to -50C and then gradually heating it
to 200C at a raP%”HPmT@h%%QHﬂﬁﬁ%QB%aIIed first melt. The sanple was kept at
about 200C for 5 mnutes before a second cooling-heating cycle was appli ed.
During the seconeisoycl e, Thagepifatidh eficidfSIthe DEmaRETWhiSliDRleA2dibgZ sanpl e
was cool ed from200C.to -5 t ate of 10C/ m nute, |l ed . s d cool
And ¢ hen Kept _ar a8 GEnREY SV pofish st siniantsenttieh o i oxpered B

10C m nute, cal Ir@ahe SBE QaMtble¥eind. thé exclidiéh lifts BRIthe v6linh def) RAtlBast he first and
second cycl e vver,e_r_&%i)rqed. The nelting tgnperatftljre ﬁTga? was the peak
tenperature of BV polyrbyreng stradardsy rapgias Eph Mer80 1 49.800.908 s Usetre (T) was

thé peak tenpengigsfeeatd hetdaBbEnal dupg. MR Solystironc! Salasls heAbbtdhed #&hon wer e
obtained fromthe thermal events in the second nelt and second coqol unl ess

ot herwi se not edobmyy babpraterics (Amherst; M) opgh gavivalsat souree- Togrue iggrnal

crystal linity i goksihénby,dhflow rdtO1 doectoP fp WhdCtafiBas fiY t@bive ARomaidR| € and
known densities of crystalline and anor phous pol yet hyl ene according to the

equation: 100 X Peayppsition fosihe flow ratemarker (taken to bestheResitivieiriert Perk) PREOTRIandbook  of
Pol yet hyl ene, puplehsibng tR\etdiion Shiulie iRch polydGrent Radddtd BR!foW Riken, P is

the nmeasured sanple density, p is the unit cel'l crystalline density, and pa
i s the anor phougedkenpsition thuy psigued Wies also uged; tg corzgebthe flowiyate whemgunlygingn, whil e

the value of pa sﬁglg% Mr%)iﬁg ﬁ?&gﬁzﬂaﬁﬁn Qe die g‘alﬂfa‘f‘igﬁprogeﬁﬁf‘e': ABron

Pol yneri zati ons
curve (logMp vs. retention volume) is generated by recording the retention

volume at the peak in the DRI 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 constanis.

{0151] A preferred procedure used in the presemt 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



[0153] The follow ng experinental exanples denonstrate that the slurry
phase pol ynerization of ethylene with supported chrom um catal ysts is
enabled wth diluents consisting of varying | evels of heteroatom (i.e. not
pertaini ng t o€ WP600944 i ncorporation. Thgse diluents caPCFBYEERIHr ange of
boi ling points depending on their conposition and nol ecul ar wei ght. [0154]
For the exanples below, the heteroatom c nature of the diluent is defined
as: # atonms per nolecule excluding Cand H/ total # of atonms. [0155] Thus,
for a conventi osahpltyes cadedifionm 200°0dmtS0°E lai B ratead U C/simugr,) ahlled secopdr o. WO

2006/ 009944 PCT/LS2008021647, . FAY S DSl bl Sk SH@HaATPL G 0f

2
conventi onal and heter Oa ai ning diraen uen eroaton c Nature
Boi | i ng Poi nt A0t Emant:, 0allkdGecond ety t Akh¢heOthéimall 2veniBein fHothothe Hiestané 0. 7 59

Perfl uorobutane 0.7,-2 . Perfluor,clohutane. 0.7 -5.8 1. 2.3, 3

hept af | uor opr op&TF8"$ BEele SWere d5ooieg, ?ﬁ%"?ﬁnf fpropergtuee %r“ﬁe‘%;f mﬁopﬁ""%ane

EBFC% I236f o o tém(EFCagﬁtE?]c3 ). O zcgﬂign@gelg?s o 0 OngwasSﬂw?i?ﬁC 281)
exaf | uor opr opane - . - or opr opape 0. -2, -
[0156] In the f@FWHﬂa@{eﬁﬁkﬁ GoRbRgpogk. n Tm; ﬁ%ﬁ%@ﬁ?ﬂf@g@ﬂ%wﬁs "%@Wt ed in

at nospher es and fRalhdShifhl &HBIIR theebond THEt GRN YRS 6ddl nAlkiOstBertvideS. | . Units
are; 1 psi equals 6.894757 kPa and 1 atm equals 101. 325 kPa. Feed and

Co- nononer [015?Pw¢olynerization grade et hyl ene was used and further
purified by
' [0152] Crystallinity: Weight percent degree of crystallinity is calculated

from the measured density of the sample and known densities of crystalline and
amorphous polyethylene according to the equation: 100 X (1/p - 1/pa) / (U/pc -
1/pa), as described in the Handbook of Polyethylene, published by Marcel Dekker,
Inc. In this calculation, p is the measured sample density, p, is the unit cell
crystalline density, and p, is the amorphous density. The value of p, is taken to be
1.000 g/cm®, while the value of p, is commonly accepted as 0.853 g/em’.

Experimental - Polymerizations {(Tables 1-4):

[0153] The following experimental examples demonstrate that the shury
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 dilnents 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.



passing it through a series of colums: 500 cc Oxycl ear cylinder from
Labcl ear (Cakland, CA) followed by a 500 cc colum packed with dried 3A
nol e sieves purchased fromAl drich Chem cal Conpany, and a 500 cc col um
packed wi th &Q¥¥BRol e sieves purchaged from Al dri cHPCEREMIFENEITONpany .
[0158] 98+"/0 1-hexene was obtained fromAl fa-Aesar and further purified by
filtration through basic alumna (A drich Chem cal Conpany, Brocknman Basic
1) into a vessel containing activated 3A nol ecul ar sieve. Catalysts [0159]
Supported chroni um cat al ystraRINRlow it e lemmoﬁvmﬂmR Grace & Co. The
ainPE RN Co cat aI yst [ 0160]
-es and
47 - 48-

Di butyl magnesi yn
used wi t hout fur

Dl uents [0161] fsubhtaﬂe’ 33 3texaftuor OpTOf ined from
DuPont. 1,1,1, ¥pamBRhkaL! Uoroproparne (HFG ) gm
Honeywel | , Perf {oahRReasc, and peril uor ogycl omowane welr € obkai ned from
SynQuest Labor at] @éthemeyclhbatne Pol yreri zati o _grade.n sobutlane wes al o used.
[0162] Al above1dilkBiahbeptafivem@opms (HFECi28Wa)by passPsy t hr qugh as8eri gs of
purification rrat_éslj_ﬁﬂ_,@mﬂu@rmopm dprFSQSQ%I ecul mg.5£8i eve ?A ((rﬂ)t aingd from

Al drich Chemi callddipb
Chem cal Conparsg’}lmts’i =
Conpany) prior |ty rc?’i’g used as a polyrrer'
Pol ymeri zati on drade exane Was used and-further—purified by passing it

t hrough a series of colums: 500 cc Oxyclear cylinder from Labclear

(Cakl and, CA) f db e sieves
pur chased from %ﬂcirll ch Chylg?nh%gjf%%%pany, angag&%%%e%%gﬁn@%%d W th
driled 5A nol e siatmesphesesrand astnds porsqnan inghi dhe Gnvaision factoshto Sy Uniieasest or

Description and [HeRALRE884Y57 kPa and 1 atm equals 101.325 kPa.

Feed and Co-monomer

[0157] Polymerization grade ethylene was used and further purified by
passing it through a series of columns: 500 cc Oxyclear cylinder from Labclear
(Oakland, CA) followed by a 500 cc column packed with dried 3A mole sieves
purchased from Aldrich Chemical Company, and a 500 cc column packed with
dried 5A mole sieves purchased from Aldrich Chemical Company.

( [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.
Catalysis

[0159] Supported chromium catalyst 969MPI was obtained from W.R.
Grace & Co. The catalyst was activated at 815°C before use.

Scavenger / Co-catalyst

[0160] Dibutyl magnesium (DBM) was obtained from Aldrich as 1M in
heptanes, and used without further purification.



[0164] Pol ynerizations were conducted in an inert atnmosphere (N2) drybox
usi ng autocl aves equi pped with an external heater for tenperature control,
glass inserts (internal volunme of reactor = 22.5 nlL), septuminlets,

regul ated supP{ P04 ¢ r ogen, hydrogen/%i_trogen m xt ur ECTAISW0FIN§ ene, and
equi pped with disposabl e PEEK nmechanical stirrers (400 RPM. The autocl aves
were prepared by purging with dry nitrogen at 110C or 115C for 5 hours and
then at 25C for 5 hours. [0165] Ethyl ene/1-hexee Copol yneri zation: The
reactor was prepdluests as descri bed above, and then purged with ethylene. The

reactors were h to 0. d, et hyl ene wa LI char .1 he reactor.
[0166] Dil uent s?@ﬁﬂ boi |1?1n§3’§3i h?cgﬁ%éqpawap%Zﬁﬁ@%fg} ﬂaﬂ?@g%aeﬁmﬂressuri zed
to ?ppr oxXi ;rat el YDubontpsi,gl,( IR ﬂn’eﬁaﬁhoraﬁmmﬁi &FEC—Eﬁgﬂeﬁwsuhbta.{éﬁd Webrz 006/ 009944
PCT/ US2005/ 0216 -4 intain themin the |iqui ase and were
subsequent |y adgé’&elf"ﬁ?%t &gﬁﬂw@?’@mm&f PQW?YH@@&%%&“%&%% %@Pnt
di luents were adyfGueaiLaBBiiofad, Mot Rz pPde isoPit@SESHHsQlsY usedS YT | nge. The
anount of each diluent added at 40C was calculated to give approxinmately

I

t he same volunetrj ¢ amount. for all diluents_ (-:4 ni the polymnerization
tenperature to ﬂ@ﬁgl udi ed™ WF?FIB?‘ES, WELS BYRH PyipPFsé‘ﬁ%@Eng sg?ﬁf‘owas added
tﬁ Cﬁrmgnsate fcpnnﬁoaﬁb i ﬁﬂﬁﬁﬁehd_ i'M@iﬂ!ﬁﬁSﬂ?rG@flM(XE@lﬁ\‘&b@é 3Ar(fmu1' ERfrgR Medrithi on i n

t he headspace abgve.t i luent. A ti.o - hexene and scavenger
| co-catal yst at&"%ﬁ'{%?@?ﬁ%}’éﬂﬂ?é‘?ﬁrél’vﬁr @g&?li’ém’ﬁgsg?f&x‘%ﬂﬁéhgg t he
reactors via syrGoifpany), i@ SeRRGHOCD (oMBInGT frbtf A IBHBUCHMida0 CBRPESS pridrenper at ur e
(105C) while stirriing at 400 RPM _ Once, at process tenperature, ethylene

del i very pressurt@bsiggussdrsAROINLEHEIIOR MERM- set to the pressure generated by
thei conponents (ethylene, diluent, co nonomer, scavenger/co-catalyst) in
the' reactor. Regetgspn cormblymesidftiohOfradakdatecths ased midnﬁ,hu&egn-jﬁed ble 2.
[0168] The supported ,cat alg{st was stjrred in toluene at aggl ent 1t—)'?errperature

' Recnss Al cglummy: 500 s¢ Qxydearioylnder fom Labgleny

and pressure andathgdhFY qug: o HASF ¢
pressure) via syOuAgR, &3) olRwdd by al500 icBcblhh Padked Wil driedBAQRle fddNt s of al |

purchased from Aldrich Chemical Company, and a 500 cc column packed with
dried 5A mole sieves purchased from Aldrich Chemical Company.

Reactor Des'cription and Preparation

[0164] Polymerizations were conducted in an inert atmosphere (Nj)
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



reagents, diluents, catalysts and co-catalysts are given in Table 3. [0169]
In the nature the solutions and catal yst slurry are added via syringe, a
hexane solution is also injected via the same syringe following their

addi ti on to wopeen@edshat m nimal sol ution or slurry i sSptpoSssiongsi N t he
syringe. This procedure is applied aft®r the addition of the

1- hexene) scavenger/co-catal yst solution as well as the catalyst slurry.
Thus, in each case, the diluent mxture at reaction conditions consists of

approxi mat el y I . pereen -was al | owed

to enter (thro‘ﬁ%ﬁt\i@%&ﬁ?@tﬁ%ﬁgﬁ%ﬁ%g{%@ewg%ﬂiﬂr?%]ihfné%%é% etﬂgliegx%/cgﬁg\?]eas) t he

aut ocl aves dursyringep oHigher bodlivgi poimt tdiluents weraiaddedr @ actbomt tprnpgetupy sslsure (+/ - 2

psig (13.8 kPa . React.or tenperatuyre it and typically

mai nt ai ned wit & J1a sygagep %@%ﬁ%ﬁ%%"ﬂ&%@& Wﬁﬁa‘lﬁ‘égt#ﬁ’on of

appr oxi nat el y 4@0xpsixtinitdy a8 dale voRedefic dnoufiofof i @adenfa-4 D)20@R 009944 - 50-

PCT/ US2005/ 021647 m xture to the autoclaves for approxi natel A 30 seconds.
SRS

The pol yner i zRoBegizatignianperaiie iody stodiedy Therpfprecn a8p¥NHB 4X :0f ve amount
of ethyl ene hagabRen woaddphsRE fdr @VapBraliPecioniéd fto@ﬁ)d?bﬁ%ﬁ@%eﬁ%ﬂéﬂa“ zation

time. The final quench tine for each run is listed in Table 4. The reactors
were cool ed ané thedisadspace ghave theslilperbr was i sol ated after the remaining
reaction conponents were renoved i n- vacuo. Four experinents were conducted

with each condjgiégn teshesbiuttbnehid$-hekedP OdntiCédavengerud@olcmhight wetdaht of pol yner
and residual catalyst. Catalyst productivity is reported as grans of
pol ymer per grismpEhiureAngd piessurejeas nge addegito the sgastorsoria Sringe. (BIegeACIon vi el ds and

catal yst produgéd \thdnYbrdhight bd plols kétpbRle (th5 @ widlel stirfpUie @oPEENITENE S at
each condition. Table 2:” Anounts chareed to reactors Exanple Diluent Amt C6=
DVMB Catal yst @ucet pravess rmpsraiurpiestisyiene slelivegp prsssgofor polymgfizgtiohwas. 3 50 5 300

€111333 J&?f&aﬁm& bfrePeeh 85t 87 Blebmportenti Qethy1dR0dindent¥86-Fofi@nd-ObuUt ane 4. 9
80 5 300 E Pert uorgﬁexane 4.% ggIGS 13[%?) Retytef 3 "
scavenger/co-catalyst) in the reactor. Reaction conditions for each test are

included in Table 2.

[0168] The supported catalyst was stimed in toluene at ambient
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.

i' [0169] In the nature the solutions and catalyst slurry are added via syringe,
a hexanes solution is also inj ectéd via the same syringe following their addition to
insure that minimal solution or shurry 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 sturry. 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) Ox/Ar (5 mole% O,) gas



F1,1,1,3,3 taftuo ane C245fa 4.70 50 5 300 Table 3: Reaction Conditions
Exanpl e Tenperature Pressure (psizWag) A 105 150/1034 B 105 440/3034 C
105 390/2689 D 105 395/2723 E 105 440/ 3034 F 105 440/ 3034 Tabl e 4:

Resul ts ExanpM® #B{¥P%tent # Yield Quench, ti mes Product iRAHYS2005MR647A 1 0. 021
2701.95 93.3 2 0.021 2702.32 93.3 3 0.02 2701.35 88.8 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 JniRtuttBi6 86 Qdtodldved G sHpfoxindikclP 38 secoidl. 4Fhd PoldmdiRae36/ 009944

T 005 St A GBS gL LS e e Bgduct vty
1 0.061 2701. 4 Z4@ed%f for a maximum of 45 minutes polymerization time. The final quench
time for each run is listed in Table 4. The reactors were cooled and vented. The
polymer was isolated after the remaining reaction components were removed in-
vacuo. Four experiments were conducted with each condition tested. Yields
reported include total weight of polymer and residual catalyst. Catalyst
productivity is reported as grams of polymer per gram of catalyst per hour of
{ reaction time (g/gehr). Yields and catalyst productivity are listed in Table 4 for all

four experiments at each condition.

Table 2: Amounts charged to reactors

Example Diluent Amt | C6~ | DMB | Catalyst
(al) | (OL) | ((mo)) | (Og)
A n-Hexane . 40 80 5 300
B Isobutane 5.3 50 5 300
C 1,1,1,3,3,3 hexafluoropropane (HFC-236fa) | 5.2 80 5 300
D Perfluorocyclobutane 4.9 80 5 300
E Perfluorohexane 425 | 50 5 300
F 1,1,1,3,3 pentafluoropropane (HFC-2451a) 470 | 50 5 300
Table 3: Reaction Conditions
Example Temperature (C) | Pressure (psig/kPag) |
A 105 150/1034
B 105 440/3034
C 105 320/2689
) D 105 395/2723
¢ B 105 | 44043034
F 105 44073034
Table 4: Results
' Example | Experiment # | Yieid (g) | Quench time (s) | Productivity (/g h)
A 1 0.021 2701.95 93.3
2 0.021 2702.32 93.3
3 0.02 2701.35 88.8
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




2 0.058 2700.6 257.72 3 0.063 2701.51 279.84 4 0.062 2701.211 275.43 F 1
0.085 2318.32 440.0 2 0.084 1913.9 526.7 3 0.085 1682.299 606.3 4 0.092

1966. 23 561.5
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diluents with heteroatomic character in addition to conventional diluents of

hexane and isobutane.

Experitnental - Polyinerizations (Table 5):

Starting Materials
[0172] Catalyst: Supported chromium catalyst HA30W can be obtained

from W.R. Grace & Co. The catalyst was activated at 815°C before use.

[0173] 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

1-hexene:

| 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.



Oxycl ear colum. The 13X nole sieves were 8 - 12 nesh and were obtained from
Al drich Chem cal Conpany (their part nunber 20,864-7). The Sel exsorb CD
alumna (7 X 14 nesh, no part nunber) and Sel exsorb COS (7 X 14 mesh, no
part nunber) WS WEALT act ured by Al coasCheni cal conparRFT/UBHBSRBI§HE | ear
colum was obtained fromLab Cear, 508 29th Avenue, Cakland Ca. 94601,
part nunber RGP-R -1000. [0177] Ethylene: The ethyl ene was a pol yneri zation
grade and was passed through a series of purification colums on the way to
t he reactor. Thd40l38] urms Hesmtiee Tlseclgpuant used toydilute3Be DBIM ot abtaisedefr@s,

Sel exsorb CD al yq, na, ~oel.exsor b COS . al un na, ., an | ear_col umm. The 3A
nol e si eves mr%cﬁzcﬁ%@?ﬁa%%ye@%?g‘} ﬁ@@b?rggn@k?(g’ri hwaéh'ésﬁﬂagl Conpany
(their part nunbeeived, 858-2). The Selexsorb CD alumna (7 X 14 nesh, no
part nunber) and Selexsorb COS (7 X 14 nesh, no part nunber) were

manuf act ured by a Chem,cal co ny., oxycl ear. u bt ai ned
fromLab d ear, [%sz h%@%@f @% }aéﬂ]ﬂlgég W%i’éﬁ%ﬁ ﬂﬂ)rg%h %?%%? of
RGP- Rl - 1000. [ OYvsBficatibCechifisan thelwdy, t8 tis: BacBr. Mhx edlirs voqe (spquentjalifhe
HFC- 236f a was ai ned .from nt ket ed SUV, fa. .The HFC-236fa
W passed & hr daBnEREIE] SHET RREIE R TR e AT LA 13% ol e
si evesb and dSGL@WSl@drbgmnaThéhﬂBKanolla'ﬁ&ré&&emﬂHrﬁésﬁﬁﬁ’ﬁw&h&b&t%edﬁ‘dﬁ mesh ;ind
wer e obt ai ne I.or ri.c em cal . Conpan Lr.pa e , 864-7).
The ot her packiﬂ&%@ﬂl §°938?‘B"taﬂﬁ’é"2%ﬁ’é‘“é§’gbﬁgé‘{e o{nget ﬁée’@? yténe
E;(Jr'i f: cati[827gflaﬁﬁﬁEx ihd @K lzlanh'ésﬁ,a)opa%xﬁxﬁ&@é:m%d &ép_cwaﬁml A &E,llﬁlblrzt l—53-

anpl es erimental _runs were conducted in -scale, 2-liter
slurry pol ynerinfﬁ'g?rg)weﬁeé%f’@l'%?m{?é?ﬁﬁ“‘ioﬁ E'r‘i"{?BEFYd?qhﬁ dleqr GORMB| es 1 and
5. The catal yStwaySiné@o SablEker 565IbipAveGe, CallBn® CaVSIBOE pait@tmbirbut vl
magnesi um (DBM_. Et hyl ene and 1-hexene were used as conononers. All

experinments wer RCERPUY out at a reaction tenperature of 103.3C to 110.0C
and for the tine indicated in Table 5. The 1-hexene and dil uent were

purified prior tot?7pact i Ghyihe: The ethylene was a polymerization grade and was passed

through a series of purification columns on the way to the reactor. The columns

were (sequentially): 3A molecular sieves, Selexsorb CD alumina, Selexsorb COS
alumina, and Oxyclear column. The 3A mole sieves were 8-12 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).



passing the purification systens as descri bed above. [0180] For each
experinent, the reactor was purged with nitrogen, followed by the addition
of the DBM solution (0.1 nolar), O to 48 cc of 1-hexene and then 750 cc of
di luent was adtRHIAPPe t enperature was rajised to the desiFEFFEI as shown
in Table 5, and ethyl ene gas was added to raise the systempressure to
approxi mately 415 psig. Then the catalyst was then flushed in with 250 m of
additional diluent to initiate reaction and the ethylene pressure was al so

i ncreased as (Exainplesas possible to 470psig. [0181] During the reaction,
the systemtenperature was nmaintained at the listed tenperature by neans of

an external stegmNd cobipBb S A0l GhanchihoMaaidle! DEPLARRUT ¢ vas

mai ntai ned at 4 i g by ans of "an ethylene nake-up system t he
et hyl ene was comslymedzdbipn meaxtor iveing thel désciibad adiluenth \ih diables Wasndafideélhet o t he

t t ti h . f ' . Th
" eacti on uas. e AL A8 G HSABhR, PR o oD bt S o
was vented to t(BBM)nEthylenband lextneovere isad as @aohanersasll experimeggewe, and t he

pol ynmer product_collected for apal ysis. i.n ot he, experi.nent, the
pol yner product caTSﬂsc’lugf“eﬁ r%?lc&ﬂ’r %3?“%%%%2{1&?%18150%?%%?“%? dfCal . The
granul ar mat er i dhdiswtesl in Table 6d The Dhrsiche addatilnbm iwercpinlified pridrao keactiongt eri al was
scraped off of the.reactor, walls and,slurry agitator. The granular materi al
and foul ant wer @& QW%F#Vmsmé?ﬁﬁéﬁ”gﬁ&déWQ%yzed for weight percent
fodling, productivity (PD), density, melt index (NI12 and M21), nelt flow
ratio (MFR = M 0180y 11 2) , Fanehch odxpetinsgnigr the t rgadtordens phfpell withnveiitgdgen,aver age

nol ecul ar wei ght_ di vi.ded, by, .nunb age. cu | ght),., Results are
given in Table 5f919‘\)ﬁ5dg’68'6‘7%‘Gﬁﬁﬂﬁf@&ﬁ%sﬁ%ﬁé?@ﬂ%%ﬁé@%a 021647 O
S d OT ~p r Nahld thei 750 @-of dilyerDw@s added PThe teinperdiubdMdas ridsddyto Wre dsitedr i . Z 2
r mNdm '~d~9Q~yVids r JQ"] b A NN m N < N12 b ss[[ 17 7el
~, g b NbR pie%wéﬁ?wn%ﬂeﬁ, ﬁweﬁﬂﬁ“‘?gﬂﬁ"ﬁswm faﬁeg"@’%ﬂ@fﬁssﬁm SOSS
S P S OS b ry noYpprod¥nately 415 psig. Then the catalyst was then flushed in with 250 ml of

additional diluent to initiate reaction and the ethylene pressure was also 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 M1y, ), melt flow ratio (MFR = MI1/ML;), and polydispersity index
(PDI = weight average molecular weight divided by number average molecular
weight). Results are given in Table 5.
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density using the fluorinated hydrocarbon diluents without fouling. This is shown
graphically in Figure 1.

[0183} Having now fully described this invention, it will be appreciated by
those skilled in the art that the invention can be performed within a wide range of
parameters within what is claimed, without departing from the spirit and scope of

the invention.

{ [0184] All documents described herein are incorporated by reference
herein, including any priority documents and/or testing procedures, tot he extent

that they are not inconsistent with the disclosure herein.



meML men R19 o mo (~) dmmy 2 00 2 o0 o a fill vmna galdnvs a* ' WD
2006/ 009944 -56- PCT/ US2005/ 021647 [0182] The data further show that
product can be produced at a | ower density using the fluorinated

hydr ocar bon diluents without fouling. This is shown graphically in Figure
1. [01831 Having now fully described this invention, it will be appreciated
by those skilled in the art that the-istvention can be perforned within a

wi de range of paranmeters within what is clainmed, wthout departing fromthe
spirit and scope of the invention. 101841 Al docunents described herein
are incor (AIMS by reference herein, including any priority docunents
and/or testing procedures, tot he extent that they are not inconsistent
with the djs Josure herein. -57- CLAIMS W Claim 1. A process for producing
pol ymer ¢ @8t ng pol ymeri zi ng ethyl ene and optionally one or nore
conononers in the presence of a chrom um catal yst systemand a diluent to
forma slurry of polynmer solids, wherein the diluent conprises at |east 5
vol une perdcent of Agrodebuior prosiueing pylymet eorpsisingpodyinerizingwihyleneandvaptionadlyof
the diluent. 2. The process ﬂfﬁ claim If V\/Ser ei n t%? LI ugri nrgit e&l%ﬁgtr qcar bon
consi sts QBEENPPEPYOBPMER™ MERSBHS CAPBEH "R GRSh T 5 PR OfPRE i ne
atom and sRipdyioPpalyinér 8élidserBéreiaie MiNEhOGRiprised AMass vdliMe peReMTTa0f claim 1
wherein the fluorine containing hydrocarbon is represented by the fornula:
CxHyFz whdluerinatsd hygdregarbontbaged-orr the tatal volunpoof thadilugnand z are integers of at
| east one. 4. The process of claim3 wherein y and z are integers equal to
or greater than 1. 5. The process of claim3 wherein x is an integer in the
range of from 1 t Thelfrocess of claim 1 wherein the fluorinated hydrocarbon consists essentially of

at least one carbon atom and at least one fluorine atom, and optionally at least one hydrogen

atom.

3. The process of claim 1 wherein the fluorine containing hydrocarbon is represented

by the formula: C,H,Fz wherein x is an integer from | to 40, and y and z are integers of at least

one.
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 Cyg
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 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.



6. The process of claiml wherein the nolar ratio of the fluorinated

hydr ocarbon to the chromumis greater than 100:1. 7. The process of claim
1 wherein the diluent further conprises at |least one C, to C40 al kane. 8.
The process of claim1 wherein the diluent conprises a m xture of at |east
one saturated hydrocarbon and at | east one fluorinated hydrocarbon wherein
the m xture has a density in the rangggaf fromO0.2 g/cc less than to 0.2
g/cc greater than the density of the polynmer. -58- 9. The process of claim
1 wherein the diluent conprises a mxture of at |east one saturated

hydr ocar b&n and &atrhd raedss ofeaiil Lohereat thel divealx coaprixes a andturdef 4t leaastronnat ed

oY acoss. of PR FDAHEPRAR HERs e LA HEEA Y TEREOT HiAPe GoRs e EmsePoBne.

sat ur at ed hy e Q6 ardarR tRMOwakh! RA%ht OMBe Miterel nat ed hydrocarbon and the
fluori nated hydrocarbon conprises greater the | volunme percent of the

m xture. 11. The process of claim1 wherein the fluorinated hydrocarbon

Crarm 1 whtr or -t TR Wpgise SREE! ROHEEThs Aol Soheele bl of R REG0 0P e

percent ofsathifaeedfiydidéadon 38d atTegt Picohesmael hodratdibdn witethe fldoiidied Bdeocarbon
conprises 50 weight % or nore of the total weight of ethylene and conononer

pol yner i z&amprises gEgter fieoceadume peteeriofthe miEBY@i n t he pol yner has a nelting
tenperature of greater than or equal to 75 C. 15. The process of claiml
wherein the polynmer has a heat of fusion greater than or equal to 10 J/g.
16. The pnocess oThepracess bf vl &mwhetelrethp duyitediasirécabteatconfpriessireutergicehit er
than or equal to 48‘6‘%3 .17. The process of claim| wherein the polyner has
cryst al | i APIYneRsFGepERf thy BY%Ehy| ene i ncorporation of greater than or equal
to 10% -59- 18. The process of claim1l wherein the one or nore conpbnoners
are selected from

12. The process of claim 1 wherein the fluorinated hydrocarbon comprises greater the

10 volume percent of the mixture.

13. The process of claim 1 wherein ethylene comprises 50 weight % or more of the

total weight of ethylene and comonomer polymerized.

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

than or equal to 75 °C.

15. The process of claim 1 wherein the polymer has a heat of fusion greater than or

equal to 10 J/g.

16. The process of claim 1 wherein the polymer has a heat of fusion greater than or
equal to 40 J/g.
17. The process of claim 1 wherein the polymer has crystallinity derived from ethylene

incorporation of greater than or equal to 10%.



| i near, branched, or ring-containing olefins having up to 30 carbon atons,
and conbi nations thereof. 19. The process of claim1l wherein the one or
nore conononers selected fromlinear or branched C3 to C20 al pha ol efins.
20. The process of claim1l wherein the one or nore conononers include at

| east one polyene. 21. The process of claim| wherein the process is
carried out in a loop reactor. 22. The3sprocess of claim| wherein the
process is carried out in a stirred tank reactor. 23. The process of claim
1, 21, or 22, further conprising continuously discharging a portion of the
slurry fro$nthe rBegirosesngf qdaihthhbrziatth@nneedrfmmenomomzmerfh@ Sp}egtséilsmof claim
23 furthe ri flashing.th neriz ffluent i,n a rst flash
to vapori L‘% r% ‘%B‘gg’{ rlggwo?tgﬁlng%ﬁgforfdéwngpp%%éﬁ)Fgr o gomsnd e f"‘gmﬁbg%fuce
concent r atipgkopol ymer effluent and vaporized liquid. 25. The process of claim
24 further conprising condensing the vapor obtained in the first flash

W t hout conpression. 26. The process of claim 25 further conprising
operating,the re 1fe! C r / 1. 27.
The pr oce%% of c?g]? rﬁ%ts§ ?ﬁﬁglr Fg{l)lglgﬁlltglgnﬁé %lng{’: 2?%'??13 Sae%%(?frgllgr@ arflash
pol ymer  sPbrafichet @; 30 Eacahpiah dléfash through a seal chanber of sufficient

di nmensi on such as to maintain a volune of polyner solids/slurry in the seal
chanber suffi cient to maintain a pressure seal. -60- 28. The process of

cl aim 8, , or 2 zation
slurry in the reég%J%@§%§ggg%?g}%@h%ﬁﬁggSﬁ%@ﬂhqﬁ%hhﬁ@ggggHO?u%@@kﬁggﬁb
wherei n tpelytna.st flash is operated at from about 965 kPa to about 2172
kPa. 30. The process of claim 24 wherein the concentrated polyner effluent

and vaporized liquid are continuously separated. 31. The process of claim
24 wher ei pjthe copgsitbéat 8cIRg) ymereﬁfﬂxbgﬁ;aesssi HrFidd bt i b flpGactden @ second
flash to vaporize liquid. 32. The process of claim24 wherein the vapor from
the first flash is condensed by heat exchange.

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

23, The process of claim 1, 21, or 22, further comprising continuously discharging a

portion of the slurry from the reactor as polymerization effluent.

24, The process of claim 23 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.

25. The process of claim 24 further comprising condensing the vapor obtained in the

first flash without compression.

26. The process of claim 25 further comprising operating the reactor at a space time

yield greater than 0.316 kg/hr-1.

27. The process of claim 24 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.



33. The process of claim?21, wherein the polynerization slurry is circul ated
within the |oop reactor by nmultiple punps and wherein the reactor volune is
greater than 20,000 gallons (75.7 kiloliters). 34. The process of claim 24
further conprising heating the polynerization effluent. 35. The process of
claim 34 wherein the polynerization effluent is heated to a tenperature

bel ow the fusion tenperature of the polgwmer. 36. The process of claim 35
wherein the quantity of heat supplied to the polynerization effluent is at
| east equal to that quantity of heat which equals the heat of vaporization
of the |iduid medibeproghssaif clasmt8o2 her L aslwecin ithe tohené persent kdladshn thie7. The

process of claim 23 erein the pol r solids are separated fromthe

di | uent vﬁogﬂn%[lz@ ?H?P‘fr%‘b&lﬁﬁﬁﬁpgﬁég&”éﬁan . The process of claim1
wherein the polynerization is carried out at a tenperature of fromOCto
about 200C. 39. The process of claim1 wherein the polynerization is carried
out at a pessur e T pracessraftlaim 2dothemintheghsflash isaperafdat froocabout ¥ kPadom 1,
wherein th% ﬁ@ ?g(@ has a MAD in the range of from1l.5 to 4.0. 41. The
process of?%® ‘ryZ &eding clai ms, wherein the chroniumcatalyst is

supported. 42. The process of claim4l wherein the chrom um catal yst system

conprises a supported chrom um catal yst and a cocatal yst. 43. The process
of any of ¥ ainms Thegrosess cfistaimi2d wheeeie thesanesnirated aplyster pHluenfrand ypparized. 44,

The proces ding clainms, wherein the chrom um cat al yst
system fu@quﬁ%?égérﬁﬁoéggsgagﬁo%gt al yst. 45. The process of claim44, wherein

the cocatalyst is a netal alkyl or organonetal. 46. The process of claim
45, wherein the cqcatal yst js . an .alum num conmpound of the_  fornmula

AR "X3_, 3] -wher o The ipgocgssrgf&fa"agmdvheﬁ%w Hﬂéﬁ’“@?ﬂtrﬂ@g &0&,““’( gfflugnt siyrpyis flashed
I's an int egerseQind iR vapbRzetiquid.

32. The process of claim 24 wherein the vapor from the first flash is condensed by heat
exchange.
33. The process of claim 21, wherein the polymerization slurry is circulated within the

loop reactor by multiple pumps and wherein the reactor volume is greater than 20,000 gallons

(75.7 kiloliters).

34, The process of claim 24 further comprising heating the polymerization effluent.

3s. The process of claim 34 wherein the polymerization effluent is heated to a

temperature below the fusion temperature of the polymer.

36. The process of claim 35 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.

37. The process of claim 23 wherein the polymer solids are separated from the diluent

with a centrifuge apparatus.
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38. The process of claim 1 wherein the polymerization is carried out at a temperature of
from 0°C to about 200°C.
39. The process of claim 1 wherein the polymerization is carried out at a pressure of

from 1 to 100 atmospheres.

40. The process of claim 1, wherein the polymer has a MWD in the range of from 1.5
to 4.0.

41. The process of the preceeding claims, wherein the chromium catalyst is supported.
42. The process of claim 41 wherein the chromium catalyst system comprises a

supported chromium catalyst and a cocatalyst.

43, The process of any of claims 1 to 40, wherein the chromium catalyst is
unsupported.
44, The process of any of the preceeding claims, wherein the chromium catalyst system

further comprises a cocatalyst.

45. The process of claim 44, wherein the cocatalyst is a metal alkyl or organometal.

46. The process of claim 45, wherein the cocatalyst is an aluminum compound of the
formula AIR',X3.n, where X is a hydride or halide, R' is a C, to Cy; alkyl, and n is an integer of

from [ to 3.



