WO 2006/ 009977 1 PCT/ US2005/ 021717 POLYMERI ZATI ON PROCESS CROSS REFERENCE
TO RELATED APPLI CATI ONS [0001] This application clains the benefit of

Provi sional Application No. 60/581,596 filed June 21, 2004, the disclosure
of which is ™MD2096/40p5Hr porat ed herein by reference. Flididys2besatdasl NVENTI ON
[0002] This invention relates to a sIuHry pol ymeri zati on process for nmaking
a polyner product. In particular, this invention relates to a slurry

pol ymeri zati on process to produce ethyl ene-based pol yners using a
Ziegler-Natta catal yst systenpenedvErizA®IoNPRECERSr ocarbon as at | east a
portion of the diluent. BACKGROUND OF THE TNVENTTON [ 0003] Pol yneri zati on
general ly involves polynerization of one or nore nononers to nake a

pol ymeric produ ﬁﬁﬁﬁ L carried out using a
wi de variety of OoTSCL Ors,C ETd ?‘r‘l EWg;ety of nononer feeds.

Oten, liquids, é ent S Ts aégl LGB ﬁmﬂl@‘ﬁm"&f}éﬁéﬁt PlI&RRal lglg:'h}f%ﬁﬁ'h%at' on
reacti on processes For vartgheieriytdals thel o I ncrea ef ficiency
of the pol yneri 82(6816¥96r Blad Timen2a 2804, dbo dselysuof opwhiches fidlyodemrporattd004] | n

many pol yneriza es for the production of polyner, a
pol ymeri zati on é%%ﬁbgﬁgggg%forned which is a slurry of particul ate pol yner

solids suspended in a liquid.nedium ordinarily the reaction diluent and
unr eact ed nDnoEEﬂdlSﬂEI&ﬁﬂEEE&Eiﬁﬁble of such a process in a | oop reactor
is.disclosed in_Hogan and Bank's U S. Pat. No. 2,285,721, the disclosure of
which is incor f8P3t ed hdiisi FveRjion gplafeerfeer S| BAVBFTZAGARI PIRY o9Bnent s of
such a process paRing d PAPmECHGERE. alﬁle%aglﬁ:%ﬁf'tlﬂﬁdm'v&tﬁaln Selal@lo aN%?;Z 915, 513,

3,152,872, 3,293, 00 37324, 093, 5, 658 816, 383, 3, 858,94
3, 956, 061, 4, oovolsrzq_nzaaommceeszv prodacelwl@mased pslmerﬁs'@nga Z%kr-BTz%a

4,424,341, 4,460,8 ysf]enﬁagﬂi’aﬁémna%d?h FroSdon as 16453, 9pzzkﬁ‘ﬁfon SF123nch( 6.

4, 690, 804, 4 737, 2 794, 151, 3,866, 5,207,929, WO 2006/ 009977
PCT/ US2005/ 021717 > g 292,863 5 391 656, 5, 455 314, 5,565,175, 5,575,979,
5,597, 892, 6, 20BASKCRQUND QF THE BAFEINTION (i scl osures of which are fully

| ncor porat ed he[ﬂ%bﬁ by ' ?’f I?nr:n%gga%on generally involves polymerization of one or more

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 fo increase the

efficiency of the polymerization reaction and recovery of polymer product.

( [0004] In many polymerization processes for the production of polymer, a
polymerization effluent is formed which is a slurry of particulate polymer solids
suspended in a liquid medium, ordinarily the reaction diluent and unreacted
monomers. A typical example of such a process in a loop reactor is disclosed in
Hogan and Bank’s U.S. Pat. No. 2,285,721, the disclosure of which is
incorporated herein by reference. Variations and improvements of such a process
in a loop reactor are described in U.S. Pat. Nos. 2,915,513, 3,152,872, 3,293,000,
3,324,093, 3,625,658, 3,816,383, 3,858,943, 3,956,061, 4,007,321, 4,121,029,
4,199,546, 4,372,758, 4,395,523, 4,424,341, 4,461,889, 4,501,885, 4,589,957,
4.613,484, 4,632,976, 4,690,804, 4,737,280, 4,794,151, 5,183,866, 5,207,929,



[ 00051 Typi cal exanples of such a process in a stirred tank reactor are
disclosed in U S. Pat. Nos. 3,825,524, 4,187,278, and 4, 492,787, the

di scl osures of which is incorporated herein by reference. Variations and
i nprovenents &0 Wuwh9E? process in stirred tank slurry reaaisodnssMsEbens are
known to those skilled in the art. [00@6) In nost commercial scale
operations, it is desirable to separate the polyner and the |iquid nmedium
conprising an inert diluent and unreacted nononers in such a manner that

the |1 auid medi umabs spls 9XBa5ds 014, 5968 1 3440, Seridale s fful d medi um

can be recycled to r%gerl zation ~zone Wth maimal 11 any
purification. Thé ZBPaaiﬁ éhe ioﬂmﬂﬁfé@ilchﬁreﬁlﬂwm@m%ﬁ#@/mm bugefesracpr ocesses is
typically a saturated hydrocarbon such as isobutane or hexane. Although

such diluents areygsf r eaqtybi\éﬁ dxBmp1BE o Pl TBIrb & inOa“stB{c‘aCt@xﬁcSneaét&‘reare operating
w ndow (i.e. tenperature and pressure) under which the polymerization

process may be og&plateddn Vs P@erQSe@}S%ﬁy 2ﬂo4s137r¥@’843ﬁdf144827 atedisclestssedl by
aggl oneration of yhR@ iPAbHEE te&géxéu@ﬁyfefe;énb@ @Arg idn% 2R mgﬁm&ieﬁtg fgueﬁTpol ymer

on the wall of the reactor I Mpossi e to recover t e pol yner
product. [00071 wopmsmatmedwnhslmre@ﬁwsyﬂmmmwnmﬁldmlﬂlladplathwrt;ul arly
favored technique that has been used heretofore is that disclosed in the

Scoggin et al, Uggpog Pat. Illl\lﬁmst%oﬂiﬁl%rc%Y gadergﬂﬁlﬁh&ﬁr  isCdeliBbleto biaraRIROdI ment

illustrated in co unctl on wth Fig at patent I'n such processes
the reaction di| pelsmer gnddhs ligwd W@Pﬂmﬁj ag adpet @dvﬂnéraedc!mr@mét ed in a

| oop reactor whe p Sur. o n s about
100 to 700 psia ?ﬁggb%rgeiﬁé%ﬁk%afmﬂ%hgiaﬁrt%ﬁggm HJ: ?S Fte%gdsggt%l SO

circul ated in theontaeiniton, soAh@ Ither ligpiomedion yeaw be afmlcltth@ tlhﬁ qgiymenmm umis
collected in one I t S t rom
26 WHE gﬁﬁ it N9y L6880  Phe hﬁqashﬁﬂﬁum&ﬁ %ré} (

whi ch the slurry I's periodi y di'sc arged to rein the
m xture is fl ashepmerratior We@&e&sm@lls e cdturated hysiverrbd0 syshianis@@e kiPa) . Ot her
preferred metho Ve f [ O recir tjon of

di luent back in ﬂ&aﬂfhmfh%ﬁ% rrel%/‘ihfzha tlggljﬁ%ﬁtrrgaé:glgesﬁglr% CSRoWA 1 n pf?%%% t|3’eat . No.
6,204,344 to Kendpera:tingetncbhv (1eae1dpdnht18e abtbressive) urp2@RiciP b polymeidtatiavy et al .

The conti nuous wit hdr awnal Y ﬁ\ot%gﬁng’ 5977 ré:T/ US?OOS/O 1717 3 from
t he reactor |nst3r§86$§)fm?’3hé’el?ﬂeﬁaer‘?l St ARER0Y h PR ™ BT O e PRicE s"oper at i on
of the reactors agglandiitipher ths@blyther eifs @nhe sMatyCdr depositivhRf belgEle dnQhe

econom cal | o .
y 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 comjunction
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 shurry loop reactor from
which the slurry is periodically discharged to a flash chamber wherein the mixture
is flashed to a low pressure such as about 20 psia (138 kPa). Other preferred
methods for recovery of polymer product and recirculation of diluent back in to
the polymerization process are shown in U.S. Pat. No. 6,204,344 to Kendrick et al.
and U.S. Pat. No. 6,239,235 to Hottovy et al. The continuous withdrawal of slurry



desi rabl e hi gher polyner production rate for the same reactor volunme. These
nmet hods al so reduce the cost of diluent recovery and recircul ation by
utilizing a two-stage flash process wherein the first flash is performed at
a pressure anwoxmemperature permtting the diluent to bectgRkimteiied by heat
exchange without the need for conpressBon. These systens are limted in
that the maxi num conononer incorporation or m nimum pol ynmer product density
islimted by fouling of the polynmer product in the reactor. [0008] An
exanpl e of a pol I i : o : di | uent
ot her than a sat ﬁéggtt%%é%}%%dg{f?%gﬁéiugtggq%%}\lng%%&%P%&E%ﬁigﬁ?ﬂ%?pﬁé?ﬁ70, 143 to
Schrage et al. Splethefréastrd t, a higherSohdsagrmteptivbich iditgu |lodedo aconabwellt or y

scal e pol yneri zagJ i i rpar fl j nat ed
organi c carbon %éggn%é%ﬁ%ﬁ%sp%@ﬁﬁeegg’hdhgﬁg .IB%C%}I;’ g%es ?s‘%%%%gém%re 'epgh%gééti on of a
boi I i ng- xyl ene methudsl asopedugertire dost of ddbant regowehy ald rearvplatigey pidizymger | zi ng at

| east one et hyl rz)iS al | unsaésurahted %otctzrﬁ)on rrgnonae‘[n to.an an phous

el astoner in a FeacH hzgﬁ)é W e e RS é%?r Oﬁ‘lﬁg as Pa 6‘57 rization
medi um a  f | uor i rapediusy ganitingaky dimentce b eligeblied 6904} edcRarke 32Routdlee shows

| oadi ng of biscycl 8p{ént adi enyl ¢ al‘%/st onto a., si%i.ca sug_ﬁort in

per f | uor ooct ane X8 PRPERFFEI t hehesT SYUTThers Jarednn ohete ity MEHE ™t r oom
tenperature. [ 00ddHonbiBer3ino&Pordtich 64 SEi@SeSoBMley FRsduatadenaty Rflisitdaydyene
usingTi a4/ (Et)3Al . in m xture of heptane and perfl uoronethyl cycl ohexane,
presunmably at roSHR Péﬁymc’él?mg%‘fl SIRSIY. 624, 878 di scl oses the

pol yneri zation using "constrained geonetry netal conplexes" of titanium and

zirconium [0012{00d8)er e ane eainiyly sf Npatkaerization prpieey/ ek ipaimyuRes thauseon
processes. In particular, it would he advantageous in.s r olynerization
processes using % 5@%?66’@’9?‘?“ Iﬁcslaf‘ﬁ%%ggd/r?ffﬁb?g?s SXYA E‘gbg Pﬁfﬁ&t gx'cat al ysts
to provide expanslem,apes 8ihirdpe el NBpezifically, BlerSehafe A SitIIESs a RBstatbgTPer at ur es
and expanded product sl ates, including | ower density tproduc;ts t han

8

]
previ ously made I°A® SGBRePraboR deasionhat nepapotppy the s of ¢ Hupransled E&nonmer

i nclo(rjpgr ation i Ndafhod RAIPYERN asCidludt. RAGEA BlsclCRIPRPIBSo APMbolliage. |t
Wou e

xylene soluble polymer in a 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.

[6009] - EP 1 323 746 shows loading of biscyclopentadienyl catalyst onto a
( silica support in perfluorooctane and thereafter the prepolymerization of ethylene

at room temperafture.

{0010] US 3,056,771  discloses  polymerization of ethylene
usingTiCly/(Et)sAl in a mixture of heptane and perfluoromethylcyclohexane,

presumably at room tempetature.

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

geometry metal complexes” of titanium and zirconivm.

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

particular, it would be advantageous in shury polymerization processes using



further advantageous to inprove such processes by providing nore efficient
separation of polyner product fromthe diluent. SUVMARY OF THE | NVENTI ON
[0013] The invention is directed to a process for polynerizing 75 weight %
or nore ethyl é¥e200688%¥d on the total weight of the ethylaneyandogeononer)
and optionally one or nore conmononer(s) 4 n the presence of a Ziegler-Natta
catal yst systemand a diluent to forma slurry of polyner solids, wherein
the diluent conprises a fluorinated hydrocarbon. [00141 According to

anot her enbodi Mepfeo0f NEfalaANEN hdtide EXpEndaa oY dPitne IPGRGH fim1aSoréssitR! ti ng
tenperature of greater than or equal to 75C. 10ng.5_1 Accordi ng to anot her
enbodi ment of t hend; teperetigs and prpanyis yrsuct shtesdodedirgmlowar Aty plodiassi on
greater than or ceargi : i ment of
t he invention, tﬁ‘g&l?&v{??rség Qnagér gidﬂ%ggﬁjgéss%r%gttg‘% Frl%rll ? gﬁ‘%g%a:élféoﬁ ?‘P@% et hyl ene
i ncor por ati on of ingerperatam inth apolymer ezt canstadt@otofidd®t tbuieolidvawdd keo anot her
enbodi nent of thg_jnv I t he: 0, onpn .S cont akn. ol efinic
unsat uration andl%g;]ée.ll %dg%)lg%gguso ﬁagc%rct s{ug%rﬁ?%gﬁs;é/sne ipgc%ﬁ{ﬁ(ﬁ .mo%i ?gﬁlra 1ricgltlti vely,

t he one or nore sspaaimodpslyaerprebkiciimetielihemt. | | near, branched, or
ring-containing olefins having up to 30 carbon atons, and conbinations

t hereof. [00181 é&ﬁ_émg& Lo PHRIRVEMAQ8NTENt Oof the invention, the diluent
conprises a m xt ume—‘sa'mrat ed hydrocarbon and at |east one
WO 2006/ 009977 Pfg{3yS20054Q2fehfion R didebted to"@%ﬁ&’eswo%gﬁzﬁl% wWheeghn the

m xture has a densify in the ran from 0.2 g/cC 'ess than to 0.2 g/cc

e of
greater than the%demire ythylpng @éﬂcg@mﬁﬁe@?ﬂ peightogf thethylgnegmd chmoromsodi ment s
descri bed herein RIS dnd! i I f : g sed
t hrough acti vat e%jnrd(k:tg}ru g%trll?tdggrozrr%%é Cgllﬁ (Iﬁep%)arnt ﬁg?’ ?‘%ﬁrgg olf _Irgjglre?%%}jtqggd
hydr ocar bon. [ 0026lysCsystem endba dilwashics fogh g Horry o golyinenseids weetémélee by any

two or nore of &iﬁ@nt%@rﬁﬁ&’se&%ﬁﬁ&rﬁ tiecﬁ)gﬁin;cgrb&qnbi nation. Any of the above
St

enbodi ments can use a Single cata systemor nultiple catalysts in a
m xed catal yst system _ _ _
[)[/)014] According to another embodiment of the invention, the polymer

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

[0015] According to another embodiment of the invention, the polymer
product has a heat of fusion greater than or equal to 10 I/g.

[0016] According to another embodiment of the invention, the polymer
. product has crystallinity derived from ethylene incorporation of greater than or
( equal to 10%.

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

combinations thereof.

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

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



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0021] Figure 1 shows the conononer i nput
to the process versus conpnoner incorporation for HFC vs. hydrocarbon

di luent. [0022 F ure 2 shows the polyner density versus fouling for HFC
vs. hydrocar YO¥&ht . [0023] Figure 3 shows the nor JBIUSYYsA#A7Ir he

pol ymer product produced using a saturdted hydrocarbon diluent. [0024]
Figure 4 shows the inproved norphol ogy of the polynmer product produced

usi ng an HFC. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0025] The invention is
directed to a pr doessicl dydrpoirymerhezdin the Anxtve gphta defbityrin ther renget diyitfoene ( based
on the total t of t thyl ene noponer d optionally one or
nor e com)norrer(sgag(t B‘B?@J]%%’&‘: ?a%%%?i“ Ig?mﬁ(lghhgpnl Igl yst system and a
diluent to forma sl urry of polymer solids, wherein the diluent conprises a
fluorinated hydr ¢@aflbon. [ORR6If tw«:md:rodmagtst(bscuh@i Teemeup thie meatdrialsfstripped

i nvention, the dil He [ Ses | m [ east o ted

hydr ocar bon and 8t ﬂegsqu%gryb © 1356 ?}F uﬁg'%h ﬁ?@?%@%{’r%?tn%ﬁea é’fﬁar{ fri xture
has a density i nflidr@atedhgkocwtbohr om WO 2006/ 009977 PCT/ U820051021717 6 0.2
g/cc less than to 0.2 g/cc greater than the density of the pol yner,
alternatively f 0.1 g/ - e e density
of the polyner, f(@P’(‘t’]ernat P\q}%f eg'?’?%%ﬂ 4 gﬁnelué\ian énsgm e%ﬁ‘écffé}/ W@N CC greater
t han t he densi tymofectfﬁeabmllymtmons[iﬁ)@ﬁﬂqmaﬁmcohﬂrquhetszowrmuﬁaémeetﬁbadl ment of

the invention, e % nof e g tot al wei ght
of * et hyl ene and {é%rzrlﬁﬁl E‘cata%ﬂ sP’?teenr1 ﬂra l%V\{eyg‘g}o{st é’ﬁt(edof ryStng? “alternatively

90 wei ght % or nore, alternatlvely 95 vvel ght %or nor e. Under steady state
oper ati on, the aBBiiF DESCREPTHL - BAWENGE i n the overall feed to a
reactor (i.e. consunmed in the reaction and excluding any recycle of
mononer) can be E8PH der eHigstgual shows tthe comprpmer ippyt clonthe epragase yersin t he

pol ymer product . .JQ0¢8L: iRV ol Sor AR AR aBAPARERENt of the invention,
t he pol yner

[0022] Figure 2 shows the polymer density versus fouling for HFC vs.
hydrocarbon diluent.
[0023] Figure 3 shows the morphology of the polymer product produced

using a saturated hydrocarbon diluent.

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

DETATLED DESCRIPTION OF THE INVENTION

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

diluent comprises a fluorinated hydrocarbon.

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

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



product has a nelting tenperature of greater than or equal to 75C,
alternatively greater than or equal to 95C alternatively greater than or
equal to 110C, alternatively greater than or equal to 125C [0029]

Accordi ng to amwpewsenbodi nent of the invention, the poddii®hosigduct has a
heat of fusion greater than or equal to610 J/g, alternatively greater than
or equal to 40 J/g, alternatively greater than or equal to 70 J/g,
alternatively greater than or equal to 100 J/g, alternatively greater than

or equal to 130 30 cordi 0 nth.rfgﬁreboi nt, of .t he

i nvention, the pé’?%’ﬁﬁ#égg’%%’u@%gﬁ%g e%[rgryté%natﬁ ?eﬁls ! y0 er?o\(i/iyége? TarltS%até‘{&P?'yl ene

i ncor polrazi ogooo/f frglnfmt @fcctlaanthar to e.?ugtct Emat&xOﬂrf;m ahbet d:enmaytl ‘t bfé(ﬂtiypcgyml t Iertjthaln
or equal to 9 rnat.i v rea r egua . a rnatively
greater than or ‘*é‘%ﬁna vl ﬂ’aydélsa&fcgl?sﬁggar“\}%ﬁ%ggfcééf%%r ﬂfaﬂgkhe %P%Ré’qotfétl% to 50%
[ 0031] Accor di ngpdlym@anot her enbodi nent of the invention, the one or nore
conononers contain olefinic unsaturation and are capable of insertion

pol ymeri zati on. rnati .t one or e _CO ar e lLected from
| i near, br anched@h%ﬁ ri ngxgioo}(n%ué% E‘?naéw%\?ref?l{r;lrogc{“ﬁ%l\%iér%&gg%%%m% gtgl on at ons,
and WD 2006/ 009 9bimpHEEE/ AISLHED LD a1mMdré of theaotatoweigltiof athylkeheandafomoidter nat i vel vy,

t he one or nore nmoponers sel ected from Linear. or branched C3 to C2o0 al pha
olefins. Alter na%%%ﬁ‘ﬁly tgﬁewgﬁgt (ﬁ Hofere: ESHBH vﬁ]é{r éo s‘g?@ﬁt é’d % 8% i near C3
to Cs al pha ol ef dlzmativly 85 waikhivisloy mokd)eUniee steddy stits epetaiioi) b @iamt 6l ude at

| east one polyene, Alternatively, the _one or nor conongners are sel ected

f rom hydr ocar bon%f,]ylﬁlglnéf;he fdan f‘éé’,"eréﬁéeeﬁ?%& frrde &?'FFQF%‘BFS S BERE of pol ar
conmonomners i ncl usd, exblutingaty feoycld bfMinbiaher)Ocaribayonsidegdddsualado a1 Gkight est er s,
and the like. Preferred exanpl es include al kyhnethacryl ates,

al Kyl acryl at es, HFIE) SPul905 &1 F PIYRPIIUSng al kyl acrylic acids. Even nore

pref erabl e exanpl es of suitable nononers include vinyl acetate, acrylic
acid, nethacryl i®028}i d, nAtdoaiing/tcairetheethyddinednbac thel iataation, the polymer

met hyl met hacryl ate, ethylacrylate and nethylacrylate. [Q032] According to

anot her enbodi meRPaust ﬁﬁsﬁéll‘%i?ﬁ%etﬁ‘w%%?retq}%mﬁé’ég‘la%%{ e%ﬁ]ttf’ggcétaiw?lve@yst emis

supported, and cabutdrUhiNeF eGAURE 195 €, adkeativelkA bREteO than &)r WABNARE1 10°C,
alternatively greater than or equal to 125°C,

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

( greater than or equal to 100 J/g, alternatively greater than or equal to 130 J/g.
[0030] According to another embodiment of the invention, the polymer
( product has crystallinity derived from ethylene incorporation of greater than or

equal to 10%, alternatively greater than or equal to 20%, alternatively greater than
or equal to 30%, alternatively greater than or equal to 40%, alternatively greater
than or equal to 50%.

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

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



[0033] In one enbodi nent, the process of this invention is directed toward
a slurry polynerization process of one or nore olefin nononers having from 2
to 30 carbon atons, preferably 2 to 12 carbon atons, and nore preferably 2
to 8 carbon WOGMSOTHe i nvention is particularly well egrwsmy@itthe

pol ynmeri zation of two or nore ol efin nbnoners of ethyl ene, propylene,
butene-1, pentene-1, 4- nethyl-pentene-1, hexene-1, octene-1 and decene- 1.

[ 0034] Ot her nonomers useful in the process of the invention include

ethyl enical l'y ur@atbwaﬁér@dhdamome&améiyo{hefoh@sr HaicBglortbrieds secte@ BN at ons,

conj ugat ed or nonconj ugat ed di eneé 5 s, vinyl nongnmers and cyclic
ol efins. Non-Ii¥Reeh P PRBsherstoussr ]Phal ‘h‘e e FHEBHIFYN heneude™Bt adi ene,

nor bornene,  nordgionabkire ffacted FRRUIMLANE. CY hipd HEMEO AEhalidlyaihe onddry T ENES,
al kyl substituted styrene, et hénl dene nor bonene, i soprene,

di cycl opent adi erfBors SeMmeRAReEBARENE leas] enyFmivens, Alterpaivelyr B8 BnBOMPRent of t he

process of the iR¥RRLHEH ard selga&plﬁsém%my&&aﬁ;ohyl ﬁnﬁ- hn&eﬁéso%geﬁxumer e wth
et hyl ene, and a conononer havi ngo | east one al pha-olefin having from4 to
69

15 car bon at ons,th@eadt efxappies WOPeBD 6PODYTEE ipdtyeBp0Ts noRlimitdd togvipylom 4 to 12
carbon atons, angd;0sii.dpbE] eg,@;g Y &k 0%34%1& 8 CRLRABI Al PBiesdlifcudeo! Yneri zed
i di

ina slurry process. [0036] In anot i ment of t1e rocess of the

i nvention, et hylaféme 13seso piilaerilates, afolnyeteaciyiiedeids ed alkylandicadids-t i onal
comononer, opti qngl o0 ‘f-ef d}c"@i‘hﬁﬁe Y shfpR Qb En%ﬁﬁ?aﬁﬂy? ak@PO! yner.

[00371 Accor ding to one e I ment the Tnvention ‘conpri ses
a mixture of at dcmdist ood, samgihatralic hydmd)carrbcthﬂcasrme at qt@étg@th@méate

fI uori nat ed hydr&&@rhg \A?ﬁg%ltﬂ%lartﬁ, Bt Tt bbb la@,s @ density in the range. of

o(m 0.2 g/cc le cc great an the density of the
polyrrer alternatively fromO0.1 g/cc less than to 0.1 g/cc greater than the
density of the g8#3zher, Agcpulingsto; apethyr embndingenp sl feciavenbes thenhdigele 0. 05 g/ cc

greater than t h%ﬂ‘érb%{air?éét QJstehPEse @P(}'ﬁ’eﬁeﬁnd LQORB e Girirdt 09 a(:f?vaﬁ:?o&fh

enbodi ment of the I nvention ueht conpri ses m xture of at |east
one saturated hythngearebon and at | east one fluorinated hydrocarbon wherein
t he saturated hydrocarbon conprises nore than

[0033]) In one embodiment, the process of this invention is directed toward
a slurry polymerization process of one or more olefin monomers having from 2 to
30 carbon atoms, preferably 2 to 12 carbon atoms, and more preferably 2 to 8
carbon atoms. The invention is particularly well suited to the polymerization of

two or more olefin monomers of ethylene, propylene, butene-1, pentene-1, 4-

( methyl-pentene-1, hexene-1, octene-1 and decene-1.
[0034] Other monomers useful in the process of the invention include
(' ethylenically unsaturated monomers, diolefins having 4 to 18 carbon atoms,

conjugated or nonconjugated dienes, polyenes, vinyl monomers and cyclic olefins.
Non-limiting monomers useful in the invention include butadiene, norbomene,
norbornadiene, isobutylene, vinylbenzocyclobutane, styrenes, alky! substituted

styrene, ethylidene norbornene, isoprene, dicyclopentadiene and cyclopentene.

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

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



1 weight percent of the mxture, alternatively nore than 5 wei ght percent of
the mxture, alternatively nore than 10 wei ght percent of the m xture,
alternatively nore than 1 volunme percent of the m xture, alternatively nore
than 5 vol unme Woupewpr?7of the mi xture, alternatively norectdvassdfl7vei ght
percent of the m xture. [0039] Accordi g to anot her enbodi nent of the
invention, the at | east one fluorinated hydrocarbon is present in the
reaction mxture in a molar ratio of at least 100:1 relative to the
Ziegler-Natta tra&as 4 O BRbA at6RdIRAD BIdkL prétbraBly Tk ¥ @d ¥ cadbn k@RSt ar®00: 1.
[00401 According to another enbodi ment of the invention, the process can be
carried out in aPPlyBEIzed #? YUTHPIOESStirred tank reactor. Wthdrawal of

pol ymer product fromthe reactor can be acconplished by concentrating the

solids for intefoosstent mltaﬁkﬁn@\wiboafneﬁtyoqupﬂowwsmM:hMﬁ@M@thyuﬁea portion
of the slurry. W 2006/ 009977 PCTI éJSZ 05/ 021717 9 100411 O her. enbodi nents
of the inventi on 2 Boppenesgolippenzsd withst ghe addiiional spmpppumesplienally 90 at i ons i n

combi nati on. [ 0042dnilimaPed ¥ idiede, 1HE6E Pipblighepr oCess of this invention can be
made at parti cuI arly | ow denS| ties vvlth m ni mal fouling of the react or

system thus l.,tj ng | roved o on efficienc with |ow | oss of
heat transfer 30%3@ tend ?I e pir P 5&’1%‘8“? dhe; fy ’t°Poﬁheprd8WHes for

t he production Of:orﬁ]ﬁ'lsb’mrzﬁu(uﬂﬁ@bffaV@éaﬁ%deYsaﬁ@ﬁ&bhﬁir@Jarﬁ@ﬁlzﬁh@ atpeaduged in a
slurry process t ereb%éi1 andl ng the commerci al d%rade sl ate froma

particul ar procesEoN oFEbag et e Ty Frhas 2 SlaEli 1B e A ¥ e r y of

pol ynmer from theg. 2@7@@@5&;@&&1@2 lg)’e\dgfbhﬂeﬂﬁalpﬁh@ﬁérﬁﬁﬁofftﬁé p&lyrﬂé}eﬂtefrﬁﬁ@l'}ery of
hydrocarbons that are recovered along wth the mer. Such hydrocarbons

i ncl ude non- pol yfeRi & bd/conitsethrmy i 0.1f 8?0 &?ﬁ'ﬁ‘p%ﬂlmﬁdﬁﬁ@ Oélﬂl‘eu%?’h’@er’ sol vent s,

and unreact ed O QIR Sely HBAY0.008/cd RESBan S rara@cgé A"RE et QMehn RS &dnkiB) SF RS ©
recovered at high eff|C|ency and reused in e polynerization process.

Conononers [ 00429Y%fpi cal conpnoners i ncl ude those having from2 to 30
carbon atons, preferably 2 to 12 carbon atons, and nore preferably 2 to 8

carbon atons.  UgeBstl mONaREISing 16 labidiRer | dnibBditnentdbBike 186EnG6n, ais Hitkend! ef i ns;
| i near branched or .
comprises a mixture of at least one saturated hydrocarbon and at least one
fluorinated hydrocarbon wherein the saturated hydrocarbon comprises more than
1 weight percent of the mixture, alternatively more than 5 weight percent of the
mixture, alternatively more than 10 weight percent of the mixture, alternatively
more than 1 volume percent of the mixture, altemnatively more than 5 volume

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

[0039] According to another embodiment of the invention, the at least one
fluorinated hydrocarbon is present in the reaction mixture in a molar ratio of at

(-- least 100:1 relative to the Ziegler-Natta transition metal component, alternatively
at least 500:1.

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

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



cyclic alpha olefins; linear, branched or cyclic diolefins; |inear branched
or cyclic alpha-onega olefins; |linear, branched or cyclic polyenes; |inear
branched or cyclic alpha olefins. Particularly preferred nononers include
one or nore owoebdwb®wne, propyl ene, butene-1, pentene- peTus2005021717

4- et hyl - pent ene-1, hexene-1, octene-1, 9decene- 1, 3-nethyl-pentene-1,

nor bonene, norbomadi ene, 3,5,5-trinethyl-I-hexene, 5- ethyl-I|-nonene, vinyl
nor bonene, ethylidene norbonmene nonomers. Particularly preferred is

et hyl ene, eithergaghgne Or offie} RnBAEMOs BPHR iGN @ Iehned By BEPEHEEr @

honmopol ynmer or a copol yner. [0045] Cyclic contalning nmononers that can be
used in the prockgs obtherahpvs limitgensan epnbingielude ar omat i c- gr oup- cont ai ni ng
nmononers containing up to 30 carbon atoms and non aromatic cyclic group
cont ai ni ng mononppgzjcont alrﬂéWAA@@QQ@@Q&@@H&E&B&&@@%&%@&& 10 to 30
carbon atons. Suitable aromatic-group-containing nononers conprise at | east
one aronatic strRRERGHAEY owedesiipl yithr minibH cforling pf &, reagpre systest bl y a
phenyl, indenyl, rebliter fNitlorovel oBaRUNNMFCIBRY Shih 160 96lor HR8 BROERLIC
group-contai ni ng nononer further conprises at |east one polynerizable
doubl e bond suchextevded @n perfodp oflpprind ingantiomprovifes ferrtbwrdustionefmebmerse wi | | be
pendant from the,p g ﬁﬁ?m Tty G SR BiIng FaTONOTET
may further be subg’hy‘{%g% ngt9 ongep gﬁcm@gas%}g oc?g#g]fﬁr grgdlﬁlpsgi ncl udi ng
but not Iinited toon@rcizl@rads slatglftos 2 pprtesulssprogeddli ti onal |y two adj acent
substitutions may be joined to forma ring structure. Preferred aromatic-

gr oup- cont ai ni ng[FRYJONer SCARAlRKNo dke podRtioP BRI RENIR! bEpstlhsCid reappended
to a ( polynerizable olefinic nmoiety. Particularly greferred aromatic
monomer s i ncl udeProesssy riemavertiophirovidashipr dugaeterreovepapabydrpapbony thehex,

vi fyl tol uenes, vinxbi-aRRLEYANR: polfbdY s B RAE RS oA ERGoARASE o1 Y

styrene, paranethyl styrene, 4- - butene and a zene. Suitable
non-aromat i ¢ cychitenals sugxaneme kawidsngjluenis solvents aph usfeaptad mpndiegre Manyl east one
pol ymeri zabl e ol gf4 nj I j {c structure
or is part of thgt%ég%: ?rgﬁog*h?eﬁ%gﬁn gﬂﬁﬁa%ﬁéégge%é\'ef%%s rttﬁ{:f%%rn Ié)hﬁrrgg&g’lads% be
further substit ubepelpyergadongroasex e hydr ocar byl groups such as, but not
limted to, CL to ClO alkyl groups. Preferred non-aromatic cyclic group

cont ai ni ng nonong§soddifdkiide Vi nyl cycl ohexane, vinyl cycl ohexene,

[0044]) Typical comonomers include those having from 2 to 30 carbon
atoms, preferably 2 to 12 carbon atoms, and more preferably 2 to 8 carbon atoms.
Useful monomers include linear, branched or cyclic olefins; linear branched or
cyclic alpha olefins; linear, branched or cyclic diolefins; linear branched or cyclic
alpha-omega olefins; linear, branched or cyclic polyenes; linear branched or cyclic
alpha olefins. Particularly preferred monomers include one or more of ethylene,
(_7 propylene, butene-1, pentene-1, 4-methyl-pentene-1, hexene-1, octene-1, decene-

1, 3-methyl-pentene-1, norbornene, norbornadiene, 3,5,5-trimethyl-1-hexene, 5-

ethyl-1-nonene, vinyl norbormene, ethylidene norbornene monomers. Particularly

preferred is ethylene, either alone or with one or more co-monomers, to produce a

homopotymer or a copolymer.

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

carbon atoms and non aromatic cyclic group containing monomers containing up



vi nyl nor bonene, ethylidene norbornene, cyclopentadi ene, cycl opentene,

cycl ohexene, cycl obutene, vinyladamantane and the |ike. [0047] Preferred

di ol ef m nononers useful in this invention include any hydrocarbon
structure, preV@PUBEPYITCA to C30, having at |east two unspépi@b@fBends,
wherein at | east two of the unsaturatedlbonds are readily incorporated into
a polynmer by either a stereospecific or a non-stereospecific catalyst(s).
It is further preferred that the diolefin nononmers be sel ected from al pha,
omega. di ene  moNGIHcibh afomsdis gﬁamey&omweﬁn@mmgemmﬁe% Elp¥ise bihe

diol efin nmononmers are |inear -vin nono nost preferably those

cont ai ni ng from }ast @ng@rmflb@ﬁuwm,drmfﬂa@%a@m @ge id tfpﬁfefrmrc @efidngs i ncl ude
but adi ene, pent gg];ig,ﬁ oct adi ene, nonadi ene,

decadi ene, undecadiene, éﬂg%gﬂ; gﬁl gﬁ%£EW%§27 009977 PCTI US2005/ 021717 11
tridecadi ene, tetradecadi ene, pentadecadi ene, bexadecadi ene, heptadecadi ene,
oct adecadi ene, H8MBliecadi Brreromatic SERIpwrRiainIng Moneme fHithen eommisesss iastene,
tricosadi ene, t%E%Sb@ﬁﬁéﬂhéﬂ@doxﬁ%‘%@ﬁp%ﬁ'ﬁ&eaﬁepg?é%féﬁ%hﬁn&e RghiRcosadi ene,

oct acosadi ene, nonacosadi ene, triacontadi ene ticularly preferred dienes
i ncl ude 1, 6- heptestarsewill by perdenidfremethe Jpomorba@hbemre Tilegarmmme 1, 10-

ow ol ecul ar ver SRUE ANCEE mat i bt SERAMANA dnel e IBREAZIENE,  20°
cyclic dienes imaipadehsing bpent bhditeh, Cv‘tm@lonaéhfbczmne Additiomallyadene,
et hyl i dene . nor Baene .ok Y LRSS EAG oS hEXGlBRSBAALL eBReBlea oBRL 7110

cont ai ni ng di ol |tu various ring
positions. [004&10upmoatamleﬁmn|omdrsemamdlanbm pnet d:lexnmlsgrm&ureppmidﬂddd zherein is
an , et hyl ene ho | v ol [ C ref #

enbodi nment , the%% ro%ém;ge%ﬁng |se%§g?5rrt\ ﬁa da‘r meﬁséﬁrré]’?flgzatl on of
et hyl ene and onst}mmendplm—mm/lxtﬂe@ﬁarh-mﬂt@anyrenﬂ: mny:ltnémbnex; vmylnhphthalmmorrer S,
pref erably one 541 lngg eenC3 t e A gﬁ;\ el brancrégl Pnphg Apl ee];II In a
particul arly préfrerred g’rr%%d Ih eSptﬂ Y SR STt oE e s Ry east one

conononer havi ngufenemnd ilty! SegandonSaitables non-mmiter apliiy drotpo ca’ntmatngo n atons.

Particularly, the conpno cted.from rou 0 i ng of
propyl ene, but eﬁ’éonfmelﬁ—pﬁeg%ﬁ@}’ r‘?‘f%ﬁ one polymsrizehle Iglﬁ@ﬁ gp% fle-1 and
octene-1, the npshdapt &f &er @ydhcg&ﬁltﬂlré)et ROpdiesehe-clelic structure. The cychc

structure may also be further substituted by one or more hydrocarbyt groups such

as, but not limited to, C, to Cj¢ alkyl groups. Preferred non-aromatic cyclic group
containing  monomers  include  vinylcyclohexane,  vinylcyclohexene,
vinylnorbomene, ethylidene norbomene, cyclopentadiene, cyclopentene,

cyclohexene, cyclobutene, vinyladamantane and the like.

{0047} Preferred diolefin monomers useful in this invention include any
hydrocarbon structure, preferably C,; to Csp, having at least two unsaturated bonds,
wherein at least two of the unsaturated bonds are readily incorporated into a
polymer by either a stereospecific or a non-stereospecific catalyst(s). It is further
preferred that the diolefin monomers be selected from alpha, omega-diene
monomers (Le. 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,



butene-1 and octene-1. ( [0049] In another enbodi nent, ethylene is
polynerized with at least two different conononers to forma terpol yner.
The preferred conononers are a conbination of al pha-ol efin nonomers havi ng
4 to 10 carboWvWew97iore preferably 4 to 8 carbon at osmEyuse@ssamal |y wth
at | east one diene nononmer. The preferitked terpolyners include the

conbi nati ons such as ethyl ene/ but ene- 1/ hexene- 1,

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

et hyl ene/ propyl e b d d

enbodi nent, et hy?lgﬁceadll@gg pfrg{éés}%ﬂa?lﬁg ﬁ@ﬁﬁ% dl%ir?reer{]%m(l)dléﬂram%e&é@c%ﬁ%% 9 mole %
more pref er abl y Gurdeerdige, notosaddpadymee pp@ﬂgn‘abllwn@@m@dﬁne% dngsisadisns, One or

nore conononer (s e th | a / 009977
PCT/ 1152005/ 02179{“}9{&@?%{; é@%t“éd’}e ’%ﬁe trodeliehe ofﬁeXtQ% hé%% %ﬁ&r@fonorrers
present, nore pr@ﬁ@pabieye,zlmnaoosaﬁenmlma@dptadmee ma’echmﬂarblpyefﬁredo di@@esol e %
e oo e O g 15 PRMIRE, MORERGTLABBRE! LTS,

et hyl ene present Ha
nore al ternati velnde@Oiehs 1810 duibcmdl%e aﬂd-t:adesm:h@n,dl ®3Jea‘trndecmbm,rrmrd lomesent at

from5 to 60 nol % al t jvely % tively 20
to 40 nole % an 018p Fons ut%éfln Fu F%S%harlrlon@ﬂe&mg?e éeg cy'falrom 0 to 10
nol e% nore al tdeneat inviedey c\&rdslopmﬂdﬁnet, OVﬁymbc&%nenmﬂzoﬁiaﬂlemmaﬂhylﬂbge | to 3
nmole % Dil uent 00521 The .dil ue i n i nvention a enefi ci al

T o ol e i G S e eyt R e S tdheh g ot SR B e, ol oo
provi de pol yner wit aoadseasubsitieny atadogenlgbodiiong, hi gher overal |
efficiencies and/ or reduced environnental em ssions. The diluents of the

|n\£ent| on are pg@@ﬁ;ably corrpe?a L Jolsk odlm%gte%etgolﬁmg%ereérgg% &(ﬁm rQcess t hat

uce the conc tion of one or “hor e act hé process to
achi eve the desiaﬂgdlenahdmb;mdwrﬁdror@dpokyfnfeedhapaﬁcmmwlahﬁemd eﬂrtwdnhdméwt is a
hydr ocar bon haV| n | i t | ve ower rfe pref er abl Y t he dil uent
Bxlgg ethy’ tnore

conpri ses a hal dt e rtlessc s mﬁ?rﬁmn relates, to grlpg%a{}on ene and one o
C3 to Cyg linear, branched or cychc monomers, preferably one or more C; to Cy;
linear or branched alpha-olefins. In a particularly preferred embodiment, the
comonomer comprises at least one comonomer having from 3 to 8 carbon atoms,
preferably 4 to 7 carbon atoms. Particularly, the comonomers are selected from
the proup consisting of propylene, butene-1, 4-methyl-pentene-1,3-methyl-
pentene-1, hexene-1 and octene-1, the most preferred group being hexene-1,

butene-1 and octene-1.

(
[0049] In another embodiment, ethylene is polymerized with at least two
different comonomers to form a terpolymer. The preferred comonomers are a
(, combination of alpha-olefin monomers having 4 to 10 carbon atoms, more

preferably 4 to 8 carbon atoms, optionally with at least one diene monomer. The
preferred terpolymers include the combinations such as ethylene/butene-1/hexene-
1, ethylene/propylene/butene-1, ethylene/propylene/hexene-1, ethylene/propylene/

norbornene and the like.

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

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



fluori nated hydrocarbon conpound having little to no solvent power wth
respect ( to the polyner product. The fluorinated hydrocarbons nay be used
individually or as m xtures, and can be included in a mxture with

non- f | uori nat &P WY Tar bon diluents if desired. [0053]prcAcusdiona7to this
invention, fluorinated hydrocarbons arel2interchangeably referred to as
hydr of | uor ocar bons or hydrofl uorocarbon conpounds or | FCs. These conpounds
have at | east one carbon atomand at |east one fluorine atom The
fluorinated hydr gcsy heR wajaselaexp@n 96 fddd O b1 3oBsmerh YidERE RO PrefefablyE
fluorinated hydrocarbaon can optionally include one or nore hydrogen
aton(s). A perflHB¥FW§FéHHﬁ¥dP3€§ﬂbéﬁ)W%mgﬁﬁﬁuorocarbon in which the
hydrogen directly attached to the carbon aton(s) is conpletely replaced by
WD 2006/ 009977 P@D51JS2005 ffahbihtr embbdintdnt) HeipdBmeSaedudaihepain Sorfgpiekensed

Chem cal Dictionary, Thirteenth Edition, Van Nostrand Renhold, 1997.
Exanpl es of preferred perfeihyleﬁmaereﬂmsmhﬂm 1800 o altediabielin 60l 1090 cycl i c,
C, to Cop perfluor Ikanes % Q@ enbadi nent, the fluorinated

hydr ocar bons ar e™® ﬁé?ﬁﬁﬂ ahB Y phig Poe@ACXHYE, (XI1) wherein x is an

integer froml to 40, alterfadddvelsn fi@Binbr bRsed® at Adnersndt isdehylef%,0m 1 to
20, alternatively from1 to 10, alternatively from1l to 6, alternatlvely

from2 to 20 al ERFHREYSY LY i 40mpis %, ‘El@)mfbem%ﬁvﬁlé‘lzﬂéﬁq}é‘l’l?%ﬁ AshAPEoRY 6. st

preferably from1 to 3, whgk®obRAY m@o&@ﬁﬁk%t N &BmOp 16dYaholluadZ 1S an
integer and at |east one, nore preferably, y and z are integers and at

| east one. In a HFCEfaEYfﬂYeﬁmér%d@I?H@Fﬁ%’ morg %lte@anYﬂ]Y hior3gmolp %055] I n one
enbodi ment, a m xture of fluorinated hydrocarbons are used as the diluent
ndihe process oPiluent i nyention, preferably a m xture of a perfluorinated

i
nydrocar bon and BeChuor "G GEREPGR, A0, TOLE BLELET B0 B XL U O
hydrocarbon is bmgmymeeﬁﬂogol)mi&@kﬁnaed Us8 of iR dilee tanodlsd prdoide peiyabons in the
{1uorinat ed hydr ocar hon, ComDOURd, o[ 0005} N LT bl e S
environmental emissions. The diluents of the invention are preferably
compositions added to the reaction process that reduce the concentration of one or
more active materials in the process to achieve the desired and beneficial effect.
Preferably, the diluent is a hydrocarbon having little to no solvent power. More
preferably, the diluent comprises a halogen containing, most preferably

fluorinated hydrocarbon compound having little to no solvent power with respect

( to the polymer product. The fluorinated hydrocarbons may be used individually
or as mixtures, and can be included in a mixture with non-fluorinated hydrocarbon
(- diluents if desired.
[0053] According to this invention, fluorinated hydrocarbons are

interchangeably referred to as hydrofluorocarbons or hydrofluorocarbon
compounds or HFCs. These compounds have at least one carbon atom and at
least one fluorine atom. The fluorinated hydrocarbon can be a perfluorinated
hydrocarbon or the fluorinated hydrocarbon can optionally include one or more
hydrogen atom(s). A perfluorinated hydrocarbon is a fluorocarbon in which the
hydrogen directly attached to the carbon atom(s) is completely replaced by



onet hane; difluoronethane; trifluoronethane; fluoroethane; 1, 1-
oroet hane; 1, 2-difluoroethane; 1,1,1-trifl uoroethane;
-trifluoroethane; 1,1,1,2-tetrafl uoroethane;

, 2-t et raMawogwdtiane; 1,1, 1, 2, 2- pent auor oet hane; Ilpdrusenepnopane;
oropropane 1, 1-di fl uor opropane; 112-difl uoropropane; 1, 3-

or opr opane; 2, 2-difluoropropane; 1,1, 1-trifluoropropane; 1,1, 2-

uor opropane; 1,1,3-trifluoropropane; 1,2,2-trifluoropropane; 1,2, 3-
uor opr opane audial: Solrrh ikt AELLRLAPLANAD ’ngtzo%a% Bk hhdtar o opane;
, 2- tetrafl uoropropane; ‘1, etra uoro r opane;

, 3-t et r af | ublesiend Banheld, 12972 F2<a®pteepf pefeged wﬁwm@onﬂmclﬂde linear

ent af | uor JUor opr opane;

, 3- pentafPﬁ%&gﬁgg anééi%(%béxgﬁg g%%%afluoropropane

, 3-pent af | uor opropane; 1,1,1, 2,2, 3-hexafl uoropropane; 1,1,1,2,3,3 W
9977 PCT/ 0854105/ 02 Evarme embediment theuBiroppatesh Aydsecarbons are represented

3,3, hex?iﬁggﬁggﬁppane 1,1,1,2,2,3,3- heptafluoropropane; 1, 1,
3 -heptafluoropropane; 1- fluorobutane 2- fluorobutane;

| uorobutane; 1,2-difluorobggppe; 1,3-dif robutane; 1, 4-

obut ane; 2, 2- dlfluorobutane 7 3- dlfluoro t ane;

ri 1 uor obwherein x is an integer fromrY ta dP.clamatinely fiom 1 & 30; slfernativelp fomne:
rifluorob i f r 88y -t
r|fIuorobg%gﬂgah%n%wéyﬁ%#f %g?oﬁgﬁgne ﬁ&m% 515e£hﬂ{t;)‘grla?i%orobutane
.3 -t et r afol0cHeetvalyeom 3 to10, alfematively &bmdotpcﬁbumameeferably from 1
,2-tetrafl ugrs0 Qlﬂér@lﬂgfls &Tgtir%g ? 1{:@5 u% 1(r3 g%h?%ﬁre and ft least one, more
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et r af | uor pbferabbmp andlz, ate htegers etd aﬂdast@mbmaandmed embodiment, Z is 2
tetraflu&&g&gtane 1,2,2,4-tetrafl uorobutane; 1,2,3,3
| uor obut ane: 1, 2, 3, 4- tetrafluorobutane 2,2,3,3-tetraf|uorobutane;

2- pent af LH@%}ObUt ansy %mé d%m%npt) ganr?‘a NN Hl?aée%@?’&%@&?ﬁon; sre-Dised

uor o

. -
P ]
Q -

taf | uor ane;

pent af :isuthcoﬁmeanm tk[b pro&qssl of - tbenn'edntlmmrmb)mablmea mixture of a

D -
— -
il

oot art SRR Eckely B AR ndital BTt oot ane

n
4-
3-
uo
3- pent af W@bﬂ'ﬂ firoeinatdd }grdibc&bdn pIaryb‘ainlotlnﬂir cmhhmﬂmeﬁt, the, flbpfinalsd2, 3-
;
3
4
4

Q - -
Hl—‘l—‘__"‘_l\)ﬁ) N_I—‘-bi—‘"l\)-bl\)l\)“

D - _
RPRRXNSRPRNRODONWRR

obut an 1,1.1. 2,.2.4-hexafl uoro
3, 3- hexaPPSFBR Eagslmmoed or 1 ‘Hﬁﬂ"%‘? ﬁ%i%ﬂb‘ﬁfo? oiRFiAg, atoms in the
, 4- hexafldoriastebyidesearbord cclnpburdl, 3, 4- hexafluorobutane,
, 4- hexafl uorobutane; 1,1, 1, 4,4, 4-hexafl uor obut ane;

PRPPSRPORPRPPR PPRPRPPPRPPORPPRNRPRRPRPRPRPTTONRRPO T

[0056]) Non-limiting examples of fluorinated hydrocarbons include

e

fluoromethane;  difluoromethane; rtriﬂuoromethane; fluoroethane; 1,1-
diflnoroethane; 1,2-difluoroethane; 1,1,1-trifluorocthane; 1,1,2-trifluorosthane;
(\' 1,1,1,2-tetrafluoroethane; 1,1,2,2-tetrafluoroethane; 1,1,1,2,2-pentafinoroethane;
1-flnoropropane; 2-fluoropropane; 1,1-difluoropropane; 1,2-difluoropropane; 1,3-
diﬂuoroﬁropane; 2,2-difluoropropane; 1,1,1-triflucropropane; 1,1,2-
trifluoropropane; 1,1,3-trifluoropropane; 1,2,2-trifluoropropane; 1,2,3-
trifluoropropane; 1,1,1,2-tetrafluoropropane; 1,1,1,3-tetrafluoropropane; 1,1,2,2-
tetrafluoropropane; 1,1,2,3-tetrafluoropropane; 1,1,3,3-tetrafluoropropane;
1,2,2,3-tetrafluoropropane; 1,1,1,2,2-pentafluoropropane; 1,1,1,2,3-
pentafluoropropane; 1,1,1,3,3-pentafluoropropane; 1,1,2,2,3-pentafluoropropane;
1,1,2,3,3-pentafluoropropane; 1,1,1,2,2,3-hexafluoropropane; 1,1,1,2,3,3-



1,1, 2, 2,3, 3-hexafl uorobut ane; 1,1, 2, 2, 3, 4- hexaf | uorobutane; 1,1, 2, 2,4, 4-
hexaf | uor obut ane; 1,1, 2, 3, 3, 4- hexaf | uor obut ane;

1,1, 2, 3,4, 4- hexafl uorobut ane; 1, 2, 2, 3, 3, 4- hexaf | uor obut ane;

1,1,1, 2,2, 3, 3-Wepweewwor obut ane; 1,1,1,2,2,4,4- hept af | ugriniédna 7
1,1,1,2,2,3,4-hept af l uorobutane; 1,1,1, 243, 3, 4- heptafl uorobutane; 1, 1,
1,2,3,4, 4-heptafl uorobutane; 1,1,1,2,4,4,4- heptafluorobutane; 1, 1, 1,
3,3,4, 4-hept af l uorobutane; 1,1,1, 2,2, 3, 3,4- octafl uorobut ane;
1,1,1,2,2,3, 4, 4- qelabdyapphut ane; ﬂzés,%;th&aﬁmﬁlopilopae&t af | uquomlt@@e 1, 1
1,2.2. 4 4, 4-octafl uorobutane: 1,1,1,7,.3 4,4, 4 octafluorobufane: 1, 1,
1,2, 2, 3, 3, 4, 4- nohersilerpmatshe; 1Ll2;313;32h62ta§uer02r0wne,noriaﬁuthutmt afe;

1-f 1 uoro- 2- et hylspr BnANE; 111’-&1ﬂgérglg Eo'l%’cﬂgﬁd?wu ?pqgedlﬂtgoro%utane 1,4-

di fl uor o- 2- net hyl propane® 1,1, 1- | "'uof o- propane;
1,1,3-trifluoro- ﬂﬁmmebwwwpraﬁaM%MK@u@nﬁlﬂBubﬁmeMthudﬂ@h@ﬁhwapm@pane
1,1,1,3-tetrafl uor / 00 005/,Q2,L7. the geth ropane;
1,1, 3,3-tetrafl it %ﬂw?‘ﬁ%%% opgﬁéé‘fﬁg{&g&%r fllgb hé"m VoR!

(f1 uoronet hyl ) pr efbmmputige; 1231mﬂu®okp@mbaﬂiamnﬂmﬂabu‘en¢n2 i-wiflaerebutdnel , 3, 3-
tetrafl uoro-2-(fluagr

1,1,1, 3- tetraflué#gjgﬁ§%ﬂ%g%%he hy"b?gmg%%mﬂmFPUOrdcycfgﬁﬂ?gﬁg“
idaf;uorocyclobuﬂdﬂéﬁaﬂﬁmmdbﬁﬁmnrdmyt3ﬂ%mﬂmmﬂmmmm3 laQﬂHaGMDmymhubutane

tifluorocycl 1 3 tii f ut an
trifluorocycl obut?’altg’gj %’r}ﬁu}rﬁ%‘} tr alf’# gem@ bél ?an1e1 43 t%%}l%@butane’
tetrafl uorocycl om,alzgmetraﬂhpﬁ)bﬂaﬂ:, 3- Igiez)ﬂ-aaftrhﬂnmm;aﬁé obug aﬁeetraﬂudrpﬂl,t&GS
pent af | uor ocycl o 2, 2, exaf l.u t ane: 2,2,3,4-
he afluorocyclobggg m& “?F%wﬁmﬁiizié ﬂﬁwﬁ' 8|X§dﬁ§%@?ﬁg@T%9%§m3 3, 4-
he tafluorocyclobmnaM£mmhﬂu@ﬁﬂnhmpn tolnnmsﬁp&ﬂumbmmﬁmﬁﬂ hydrigigRs,Bons
described herein, thos quor hydr ocar bons i bed in Raynond WI I,
et. al., CEH MaPRASH Wﬁg ort’, Pgigg ‘E%%PB@H?M bgg A PPRBVOIROIANES  Chen cal
Econoni cs Handboojk: Zﬁ%kenfaﬂﬁ@'blﬁlﬁideonm . 143, 4-paffithoroblthieh s fiul 2,33
i ncorporated herein ref erenc are | ncluded. |n_another enbodi nent, the

fl uorocarbon is H‘??[‘aﬂ&gmb‘g‘?qer uort ﬁéfé’ﬂ t@éilof@u@@ at#anet ‘Pe[n@@?)ef]’bqtﬁ?eanot her

enbodi nent, the @Q,mﬁdnﬁhhtﬁ-om{@jel abl e 1 sary ﬂaﬂ@dobuﬁﬁglrocanpgq;sz giseful in
the pr ocess of the Lnvention jnclude HEC 236fa havi ng the chem cal nanme

1,3, 3, 3, - hex AFEIRFOPRBEankL L REETEROREAHy Hel-bhénpragHorbutae,

1,1,1,2,3 4-hexafluorobutane; 1,1,1,2,4,4-hexafluorobutane; 1,1,1,3,3,4-
hexafluorobutane; 1,1,1,3,4,4-hexafluorobutane; 1,1,1,4,4,4-hexafluorobutane;
1,1,2,2,3,3-hexafluorobutane; 1,1,2,2,3,4-hexafluorobutane; 1,1,2,2,4.4-
{ hexafluorobutane; 1,1,2,3,3,4-hexaflucrobutane; 1,1,2,3,4,4-hexafluorobutane;
) 1,2,2.3,3,4-hexaflvorobutane;  1,1,1,2,2,3,3-heptafluorobutane;  1,1,1,2,2,4,4-

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

octafluorobutane; 1,1,1,2,2,3,4 4-octaflnorobutane; 1,1,1,2,3,3,4,4-

octafluorobutane; 1.1,1,2,2,4,4,4-octafluorobutane; 1,1,1,2,3,4,4,4-

octafluorobutane; 1,1,1,2,2,3,3,4 4-nonafluorobutane; 1,1,1,2,2,3,4,4,4-

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



nane 1,1, 1, 2-tetrafl uoroet hane, HFC 245fa having the chem cal nane

1,1,1, 3,3- Pentafluoropropane, HFC- 365nfc having the chem cal nane
1,1,1,3,3- pentafluorobutane, R 318 having the chem cal nane

oct af | uor ocycMsee@ma®;7 and HFC-43- 10nee havi ng t he cherdcaals2006re717

2, 3-di hydr odecaf | uor opent ane and/or HFG-365nfc, all of these are
commercially avail able fluorinated hydrocarbons. [0058] I|In another

enbodi ment, the fluorocarbon is not a perfluorinated C4 to ClO al kane. In

anot her enbodi rreﬂgﬂlmnlasﬁﬁl uor qgay Qgéggﬁ&r@%nealty&g%%#or i ngt edimfaygs.ocar bon.

I n anot her enbodi ne e flubrfdcarbon 1s no uor odecal i n,
per f | uor ohept ane(flupwmethygprofresane, 1, bé&B Sipguteduvee-ptetyiireaex ane, 1,1.3,3-
per fl uor ooct ane, | Q.0 - ] y | e ne,
fl uor obenzene, otretr&g{g%of?] g?roo# Sﬁ’agﬁéﬂfﬁgnhgxga%ﬁféﬁ’@ ﬁ@g%yee@gp@ %’rrbodi ment ,
t he fl uorocar bonfluwenshstamee s ddndifladrboyclobutingdr df3-difin@oarclobuiane; W0,32006/ 009977

PCT/ US2005/ 021717, , net her odi it .t he fl ocarpon is
present at nore %Hlé&r%g)cf[" Bg‘g%hi’?’% @g’goeca'dg%lgar?e’t]rq}éagkqefliuﬁmcy%#{)%t[aﬁgqfﬁorocar bon
and any hydr ocar fuifinorsgiclobutane; pr esentl, i, h2tdeflueagtiobytaner ef er abliyi,3-eat er t han

3 weight % prefg I reat er than iaght % preferably gr r than 7
wei ght % prefertg%%oéfg%ot%g{w?’han 1bl’a%;gﬁaﬂ§?taﬁ5%rgcﬁf&8$“é?n§bl y g?égta:}eg than 15
wei ght % pr ef erpdataflugosabbutadehan 20,2v5 Bhéxaflprredyelombing; gr eafigrR 3han 25
wei ght % pref erlgagl recztbei t han 130 {yggh ht 9% )p{ogf er abl Y rg;tBe{ t han 35
wei ght % prefer f‘ﬁ)/wg%% QoM ANEh a 1e |'§Fﬁaﬂb}§m°ﬁ 'I’tél?":’ably’g’l2 tef" than 50
wei ght % pr ef erigbtaflugocaboBitadeh dn additioieto ghdse Fhiorirated hetabdrong desatisd t han 60
wel ght % pr of oS See Sugtnsted Boade s Srreriogs o Koot R Lrbobifent tho
wei ght % prefer g 0 nt the
fl dorocarbon i s WaR&aRt Repbrt/TPRubrobditdhs, L PR 9ht1 390 by ihs EChertitRAD Ecédagiidsei ght  of
the fl uorocarbons, {;mngﬁrs and any, h}/drocarb n sal vent gregent in the
reactor, prefer apagoepkei dnteruginnals Apg| _6910(1’ %bmgrl%f‘@lrya}ﬁﬁ’ipo@ e LB a5
wei ght % pref erghleicdr@aiRiuded)ann 7andied Binbdimei £ R " Alrdcaoras @bt bhan 10
weight 9% preferably greater than 15 weight % preferably greater than 20

wei ght %  pr ef gieEBln e ClPakR® 5 wei ght % preferably greater than 30
wei ght % preferably greater than 35 weight % preferably greater than 40
vei ght % prefepedny gr et gibthehanb&Bmwe) Gt cotimepiigiyesabitle dheaiaed t han 55
wei ght % hydrocarbons useful in the process of the invention include HFC-236fa having the
chemical name 1,1,1,3,3,3,-hexafluoropropane, HFC-134a having the chemical
name 1,1,1,2-tetrafluoroethane, HFC-245fa having the chemical name 1,1,1,3,3-
Pentafluoropropane, HFC-365mfc having the chemical name 1,1,1,3,3-
pentafluorobutane, R-318 having the chemical name octafluorocyclobutane, and
HFC-43-10mee having the chemical name 2,3-dihydrodecafiuoropentane and/or

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

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

consists essentially of hydrofluorocarbons.



preferably greater than 60 weight % preferably greater than 70 wei ght %
preferably greater than 80 weight % preferably greater than 90 weight % In
the event that the weight basis is not named for the weight % fl uorocarbon,
it shall be pYe¥HE®P’¥o be based upon the total weight wfraidh®@swni717

fl uorocarbons, nononers and hydrocarboi sol vents present in the reactor.

[ 0060] In another enbodi nent the fluorocarbon, preferably the

hydr of | uorocarbon, is present at nore than | volunme % based upon the total

volunme of the f'ffé@é gpcar bog, anBiBWoﬁnﬁHﬂth@’ﬂMor@%%oﬁ%?&%t fhHEMan Ar €SENT I N
the reactor, preferably greater than 3 volune % erably greater than 5

volume 9% pref eW%lBht)ﬁh@F@évmn ttlh‘a‘ﬁgf?\?’éﬂ'eﬁéowafhﬂﬂ@ﬂ'émyghogﬂb@tsélﬁemhan 10

vol une % pref Wi 9 t han 20
ol by MG Hb A M Gl ety B 1

han

volume % pref ef whi meeferably Eteatar s Wﬁlﬁhﬁa%wetp ity @reatst thay teweight t han 40
vol ume % WO 2004/ A )Y/ 7 I , t han 45
vol une % pref e?gb%%ga}ég%érﬁ %8&%\7%’ Ieé};zabq%%?%?gﬁffggre '?e/r t han
55vol une % pr ef pefatably gpaé@rtélnn&ﬁawelﬂo %o prefasably gregteefteanadl yweighbdb.er t han 65
vol ume % [0061] 0, [ ¢:h I [ RA of
hydr of | uor ocar bopnéfgrrﬁg} %Q?{ u@%?gr %h hgreﬁﬂérr&eb?%%g%ﬁgq{gaﬁeﬁ%&&ggfI)Sorocar bon
|h spl p][ Iesent at brmeferablhageﬁrvthbmrfﬁ ‘Qbrﬁzgﬂjﬁgdrefmm tghaﬁtct chaal 55 oleighe Yf ':1 he
ydr of | uor ocar bon erflu rbon pyese n t actor th the
bal ance bei ng nade %eat?rhrg‘ g?f‘f’mg}}toc?ai’ﬁgeﬁajbﬁy ﬁ%%&r B ?/é) Wt’% P than 3
vol unme % pref @rahialylygr@&kehant%awe@lt\ml nraferably @ea&retha;bM/wgugb:a%erInt han 7
volune % prefera ate voI unme % refer ter t han 15
volume % pref eafngtg‘f"‘i “%Pglgl% the ﬁg‘?{‘)% %3t BhTETh “ﬁ %}lglg/g #8% than 25
vollume % pref apablihs geigatedrihd Pasto@thouy InmoiBmsss apd aﬁﬁhatrbqaﬂ@naahaft t han 35
vol unme % preferabl o reater t 40 vol unme. % . fer er than 45
Vol ure v br ot aragry B dReEn R gyEt s viieht & SrGrrl SFERHER | nan o
vo: ume z; [8{) gfz ]E:Yﬁélbbt "/Qrpﬁﬂ'érﬁﬂhykﬂéﬁt&tﬁ:glWf)hgﬁfﬂ/o,%efftlﬁlﬂf/@fcaﬁiﬁimg{lm&gﬁ tgan 65f
vol une not her enpodi uor i pat rocarbons o
the invention t‘é«/@e’é’%l @E"t‘i‘?rat{whggﬁ‘tgge%wf%ﬁg’gf greaiet, than %g V?@‘f e,
preferably preferably greater than 25 weight %, preferably greater than 30 weight %,

preferably greater than 35 weight %, preferably greater than 40 weight %,

o

preferably greater than 50 weight %, preferably greater than 55 weight %,
preferably greater than 60 weight %, preferably greater than 70 weight %,
preferably greater than 80 weight %, preferably greater than 90 weight %. In the
( event that the weight basis is not named for the weight % fluorocarbon, it shall be
presumed to be based upon the total weight of the fluorocarbons, monomers and

hydrocarbon solvents present in the reactor.

[0060] In another embodiment the fluorocarbon, preferably the
hydroflucrocarbon, is present at more than 1 volume %, based uwpon the total
volume of the fluorocarbon, monomers and any hydrocarbon solvent present in
the reactor, preferably greater than 3 volume %, preferably greater than 5 volume
%, preferably greater than 7volume %, preferably greater than 10 volume %,
preferably greater than 15 volume %, preferably greater than 20 volume %,
preferably greater than 25 volume %, preferably greater than 30 volume %,
preferably greater than 35 volume %, preferably greater than 40 volume %,



greater than 35 a.mu., and nore preferably greater than 40 a.mu. In

anot her enbodi nent, the fluorinated hydrocarbons of the invention have a MV
greater than 60 a.mu., preferably greater than 65 a.mu., even nore
preferably gr&tmesonhan 70 a. mu., and nost preferably mmagtmsodihan 80

amu. In still another enbodinment, thel®luorinated hydrocarbons of the

i nvention have a MV greater ~- than 90 amu., preferably greater than 100
a.mu., even nore preferably greater than 135 a.mu., and nost preferably

greater than 150 aemuh, oledicARGHNST voigADO! gmtamytg@atérl 8 5DaRthehydr ocar bons

of the invention have a°"MWN greater than’ preferably greater than
150 a. mu., nor epﬁf@fbér aptpr dhraaatwelumgath, Pmﬂbéy rﬁ'qater teape A0 Yolumepitef er abl y

greater than 200 éfr:lb StoRkghberably greater than 225 a.mu. In an
enbodi nent, the f uor ?Jyn tﬁﬁq%ﬁgr ocarbons of the invention have a MVin the

range of from 30 a.mu. to 1000 a.mu., preferably in the range of from 100

a.mu. to 500 a. 061 nor & paethsr apmyodimert hiber Agrecebort rigmawblepdoef 009977
PCTI US2005/ 0217 1y 4rdffhofddrbsn md%erﬂ&r%%oﬁ"%&'pmfm ShgvdlB?ﬁ'Jr §¢afdh¥s i N the

range of from about 100 a.mu.” to about 250 a.mu I'n yet anot her
embodi ment, the Presdt ishanerd hydrlovelumeny, dhsedhepon; weml oveluesy of ribd nal

boi I'i ng poi nt i nlé%dg&hfo%%o é%d‘ %«ﬁﬂﬁ(ﬂ&gﬂ%n }BQQ‘I’CGI bR rl%era tf?'}.hetmnce

pol yneri zation t er at ure ever ovver
pol yrmeri zati on tbm;emtlﬁum by the pexfivordGaebany m@fmablngtwr tbaneﬁ eiIOmecyA:t he nor mal

boi | i ng poi nt of }eﬁ?ab)J aﬁds %QI“%O%{: l%)qggr i&? %_gat%)ogu[aﬁggg@u&g aér om - 80C

to about 90C, nbre pre Iy from nost
pr ef erably from pistmbly E@@elt tham b@urol8e Va, fvfelabiyamtRMﬂthﬁ vohwef Yopor i nat ed

o df orabl'y or oat BEFL, ERkpeRal WCARTE, b B DR BB A e e

f | uori nat ed hydr peferdbiyn greaibr thlae 30nwdunba &%) ﬁna’meblncgremdr thaoi BS rvglupei %t | ess

th - 5C, f mbodi t,
e oori P PR ERRLC Tl PR yolte Y B ROk e SRt BaRRE B hor e
greater than - 191@}erabt3egleﬁtad3thyngﬂ0eﬁﬂzﬁﬁe o) qpreferdbl(L drentadbbati 560€lume0R541 | n

[ qui d density @sbEepgred o 08 vahmy Yo bERpBcES e app g " "
[0062] In yet another embodiment, the fluorinated hydrocarbons of the
invention have a molecular weight (MW) greater than 30 am.u., preferably
greater than 35 am.u., and more preferably greater than 40 a.m.u. In another
embodiment, the fluorinated hydrocarbens of the invention have a MW greater

(: than 60 a.m.u., preferably greater than 65 a.m.u., even more preferably greater
than 70 amu., and most preferably greater than 80 am.u. In still another
embodiment, the fluorinated hydrocarbons of the invention have a MW greater

( than 90 a.m.u., preferably greater than 100 a.m.u., even more preferably greater
than 135 am.u., and most preferably greater than 150 amu. In another
embodiment, the fluorinated hydrocarbons of the invention have a MW greater
than 140 a.m.u., preferably greater than 150 a.m.u., more preferably greater than
180 a.m.u., even more preferably greater than 200 a.m.u., and most preferably
greater than 225 am.u. In an embodiment, the fluorinated hydrocarbons of the
invention have a MW in the range of from 30 a.m.u. to 1000 a.m.u., preferably in

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



cc/g or less, and nost preferablyl.5 g/cc or less. In one enbodi nent, the
fluorinated hydrocarbons of the invention have a liquid density @20C (g/cc)
less than 1.6 g/ec, preferably less than 1.55 g/cc, and nost preferably

| ess than 1.%0gWeer99t’n one enbodi nent, the fluorinat edpbygsaeaspens of the
invention have a liquid density @20C18g/cc) less than 1.50 g/ ec,
preferably less than 1.45, and nost preferably |l ess than 1.40g/cc. [00651

I n one enbodi nent, the fluorinated hydrocarbons of the invention have a AH

Vapori zation at jhfie, 0" 380029k L B4 %t[%{gfg%bqgg% x/%ﬂ%ebé(f ﬁ%ﬁ%ﬁ&ft%@

calorimetry techniques i n thé range ess than 500
kJ/ kg, preferablyuitoabduwe2i0amgs. of from 110 kJ/ kg to | ess than 450 kJ/ kg,
and nost preferably in the range of from 120 kJ/ kg to |l ess than 400 kJ/kg.

WO 2006/ 009977 PGER{!S2005) G2 Lhfoer 13uaMABRL 1k MAAMADENRIEHSS Glnenbodi rent,

the diluent used In the invention conprises any conbination of two or nore
fl uori nat ed hydnrocatudndxase mamalﬁ@ﬂmg@omafrnhemgﬁqfdmeﬁahwv 101htal 10681 i ng

poi nt, AH Vaporl za and_|.i qui d _dens al ues In_a
preferred embodi Fre pPWmeWanS’f‘l ﬁpsrﬁaﬁe ¢6" SRFHTHNE ﬁ‘g’%§ ‘ulP geef\era Me?process of
t he i nvention h@ul@manMMlgfeﬁ@Eﬁﬁlrddiféh‘Boﬁaom fﬂallboutllﬁ‘r(efp%fﬁhﬂyt]@meﬁmﬂr t han 40
a.mu., and a | d dens ss . than 2.0 g/cg, . prefer % s than 1.8
g/cc. In yet an ng‘PEP efli’ SPERbonsHS 1 theongey tg@"‘%{h éd’&ar bons
useful in the p'&@cﬁl@%"@fmbﬂ&eprbﬁtéﬂﬂt fron dvawe-6d 40 @iaBoud e93StQ, Yaniegsstt han 1.9
g/cc, preferably | ess than and a normal bojling %)ﬁl nt tgr eater than

-100 C, pref er BB ¥§8’F‘é¥b°¥thé‘%c t33bou 501G {than FEbefmReLARt flaoeEdper at ur e

of the processpysbéaetont %fa& bivgﬁoﬁsnawggimapfbﬁﬂlﬁé %blny @b thaRanef)C, and
nor.e preferably Iess than 85 C, and nost preferably l'ess than 80C. In one

embodi ment , t he Prefarghdy E’r?&fﬁ’é@la%yﬂr%é%}e%ﬁén u@e@ uffn g epposiegd Bf t he

i nvention have AudMaE AR EREarbdrl AP tROinGenfdt have Rlofh A b8 pgih??eﬁseﬁaﬁ ban 40
a.mu., and a AH Vaporization in the range of from1l kg to | ess than

500 kj/kg, and &t.imsefambly %eanT&%FPdS%FNeﬁwthﬁfés?émtﬂlaﬁn?e@{)‘gﬂﬁé@t e ef er abl y
less than 1.8 ghkggrinaled n %&‘Bcf%%BﬁheﬁlmqhHﬁgtmﬂ;'ﬁmhﬁéfa&ﬁt'g?ék‘?%aﬁ‘ydr ocar bons

useful in the process o he 1 nvention have I qu density less than 1.9
g/ cc, pref er abl y0Cepreferabhrergate thyn c10°C toabowt 68%F- mal boi | i ng point greater
than -50C, preferably greater than -30C up to the pol ynerization

[0064] In another embodiment, the fluorinated hydrocarbons of the

invention have a liquid density @ 20°C (g/cc) of 2.0 g/ec or less, preferably 1.6

cc/g or less, and most preferablyl.S g/cc or less. In one embodiment, the

fluorinated hydrocarbons of the invention have a liguid density @ 20°C (g/cc) less
( than 1.6 gf/cc, preferably less than 1.55 gfcc, and most preferably less than
1.50g/cc. In one embodiment, the fluorinated hydrocarbons of the invention have
a liquid density @ 20°C (g/cc) less than 1.50 g/ce, preferably less than 1.45, and
most preferably less than 1.40g/cc.

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



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 AH Vaporization in the range of from 120 kj/kg to | ess
than 400 Kkj/ kagn20pdd@@®741 | n yet anot her enbodi ment, the diduepdesirighudes 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

i phat i ke h e BSod; it py ef er abl
aliphattc or ar Ogﬁfﬁ}ﬁfui dy%%&ﬁé?ggéé{ﬁlcu'e%?dgﬁéﬁ,;m{a Gffueflf us%&‘grtﬁpln‘\?%nnﬂﬁe erab’y

inert, hydrocarb _ s are r y VO ~lIiquid hydrocarbons, which
i ncl ude, for examphprises anugcatbamtiohgiiwecamivon §ueronted ihsdmeprifons having be 50,

preferably 3 to . . - i ne,

P but ane. "1 sobut VTR 1B Wmal b SEH, BB EIon 154 1684 BEART

PCTI US2005/ 02171 7alu@Oamderrsgasy Inf a @refdred/ apbpdiansok, iger fledrinbted [hiydrgegmmmt  as
above described of -11.45). n- t ane, .1 sqpenta (MM of. 72,15 a mu., a
Ut d densi vy ofegiled R, BF N Pendo R kNG aget i sl
neopent ane, n- heysfieably \prdachekand) dmahexdne liquidcd«anie; landhant herg/sat ur at ed

06 to C8 hyd b d,_hyd fluids alsq jnglude alk
(preferably Ot 8oty ehied | Egein 4 Pramare eobafans, b Rarifefur ance,

hexane, pentane, hidopesvhaneful demeplobass bzBelinkén@bh hasieragiquidriafdity Mds than

cycl ohexane and t ane, ar referred. In one enpadi ment, the_ dil yent
further  compr i sad e PrRiREsblydes tan | B oesd PRI, boLmE R Sroppbbgn w0 1 o g

al kane. [00681 Aec,ofrfenaflyt greaddtohhiersoariapds m&g]ﬁolﬁﬁeﬂzﬂﬂmi RmpahiRnof thée di | uent
conprises a mxture of at | gqalgt one inert hi/ rocarbon_ fluid

(non- f | uori nat edPrO&Fé Wirchiis a highses I9AE, prefrmbbistsdapnii) ¢ sebpas ARy ei n t he

mxture has a densd thin @ 20CalDIm6&)préfbrablh Qest A0t i AR BmBoddth&i€, thess than
to 0.2 g/cc greater than the denmawg_{% the polyner, alternatively fromO0.1
R

| ymer
g/ cc | ess than t8ueringted hydrogrhogs e TRgess fdsipysption have a Mol ispedist |

alternatively freph:80@3n8/ géférﬁﬁsg&ﬂanthﬁxpﬂpaﬂﬁl.%ﬁca S 8B Szatid'@hd N
density of the polyner. [00691 I'n another enbodiment the fl uorocarbon is

present at nore FREhoETonsHKkedy lewsihaad0 kitke. enfeontienaipe Lignrididgesity le§br ocar bon

and any hydrocar gp z%pg»eangrefeﬁm?s@&tmmﬁs@ccr CRE VAT moECLRS B, Aheat er than
7 weight % preferably greater than
fluorinated hydrocarbons useful in the process of the invention have a hquid

density less than 1.9 g/cc, preferably less than 1.8 g/ce, and a normal beiling point
greater than -50°C, preferably greater than -30°C wp to the polymerization
temperature of the process, which is as high as 100°C, preferably less than 90°C,

( and more preferably less than 85 °C, and most preferably less than 80 °C, and
optionally a AH Vaporization in the range of from 120 kj/kg to less than 400
kj/kg.

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

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



10 weight % preferably greater than 15 weight % [00701 In anot her

enbodi nent, the diluent is selected based upon its solubility or |ack
thereof in a particular polyner being produced. Preferred diluents have
little to no s 2ekdopsry in the polyner. Solubility in thetaghisBiiis
measured by formng the polymer into a &il mof thickness between 50 and 100
m crons, then soaking it in diluent (enough to cover the filnm) for 4 hours
at the relevant desired tenperature in a sealed container or vessel. The
filmis renoved [ sed. f. e rate
excess dil uent frd %{r%ﬁ hébgssg}rc%’ga@g%gﬁ%ﬁgﬁflg P%ﬂ@%&%@gﬁ%ﬁ@%gﬁﬁggg upt ake
is defined as theepeecesnpagee (MVEéd2ds5iamunhe Rquidrdensitylof 062t gec, sodki ng. The

di luent or dilue | xture i.s t ha e mass

upt ake of | ess tﬁérnn{&%éleﬂ?% H{’m’bﬁ?%}f%?”e&%B?S"gm‘%ﬁ‘%ﬁ%g? 68@%5{5&?@ 05/ 021717
21 | ess than 3 wectgds atd) otinap sgurpieé Céna KB yhydresasbotih aPremedbhygidcatapn 8wdn nor e
preferably |ess_than i ght, % d St.preferably |l ess than 0.5 weight
0% “10071) "1 deat 1 9 vty MiakS ol GI'Re s BOEHSS] A rfind J2Prie eac on.
By "inert to theixedlbyumeed hedahgpetiteas isopamtane, Sieambatntizddniaght vingin mbphtiiapcar bon
does not react chemcally with the oners, catalyst systemor the

cat al yst system c@g ’E)ar'ilgﬁg%fmfl’lehia’?ﬁr?g[ﬁ)‘%t oongﬁ%f"ﬁﬁ’%nttﬂlé 7L e

envi ronment pr ovisigstishyat 8ast ohé 0O EOCAY AIQRE aHOERIVAIOT2itOICE RARe t he

pol yneri zation reactions, in fact, it may do so to sonme extent, such as
affecting activi ver, it

ates. ,Ho IS t to.gay. that he.

f1 uor ocar bons ar L@éﬁ%‘t pr eSSRFTRE ) apothee ﬁgprr{?ﬁ*t 8 %tm‘éi?g?lérﬁ"j %'[1%'72] In a
preferred enbodi b@mirised Hdixahirk ustt1€a8) or@ringt hyidtocaBort Med éon-fluofiédrabl y, t he
fluorinated hydrocar bon( or. mxiures thereof, are selecied s .~ that the
bolynrer el t1 ng. CARBbPE eatae e aiie ot HacprBesRay STHE 2k et han
15C by the prese(gmaéI mfth&mgd:bglﬂgﬁm.z RO RsBH 16 92 giie g@a‘atetlttﬁnﬂﬁldymwyofml ting f
tenperature 0Tm s term ned, i rst asuring the ting tenperature o
a polymer by di BFd° eF’aﬂlteg’@‘é‘F?ﬁi %@mc%} gﬁf’ﬁ%‘ﬁrt (tbgbé g}%&rﬁea hdRn aring
this to a siml ansiPesté SoTRRer, AkrmtiSaTRbA 05 ddgess AR tPOLY BRE glebiei has been
soaked with the diluent, In general, the nelting tenperature of the soaked

pol yner will be thepihedenskupal hepglyBe t he dry pol ymer. The difference in these
measurenents is taken as the nelting point depression QTin. It is well
known to those imosdje art It Adther embodiment the fluorocarbon is present at more than 5

weight %, based upon the weight of the fluorocarbon and any hydrocarbon solvent

present in the reactor, preferably greater than 7 weight %, preferably greater than
10 weight %, preferably greater than 15 weight %.

(“ [0070} In another embodiment, the diluent is selected based upon its
solubility or lack thereof in a particular polymer being produced. Preferred
( diluents have little to no solubility in the polymer. Solubility in the polymer is

measured by forming the polymer into a film of thickness between 50 and 100
microns, then soaking it in diluent (enough to cover the film) for 4 hours at the
relevant desired temperature in a sealed container or vessel. The film is removed
from the diluent, exposed for 90 seconds to evaporate excess diluent from the
surface of the film, and weighed. The mass uptake is defined as the percentage
increase in the film weight after soaking. The diluent or diluent mixture is
selected so that the polymer has a mass uptake of less than 4 weight %, preferably



hi gher concentrations of dissolved materials in the polynmer cause | arger
depressions in the polyner nelting tenperature (i.e. higher values of UTm.
A suitable DSC technique for determning the nelting point depression is
descri bed byWwoRoss/o0492nmi ngsen, "Phase Equilibria in PolpeatiiRydogmendyst ens”,
Ph. D Thesis, Norwegian University of St ence and Technol ogy, March 2000,
which is incorporated herein by reference. (A preferred set of conditions
for conducting the tests are sunmarized on Page 112 of this reference.) The

pol ymer mel ting 1c5&ABeS ALidhts, mork bleflablERRUNAD Wit o4l bVenRRArY PRFerabiNd t hen
repeated with the Eolérrer imersed in’liquid (the diluent to be eval uated).
As described in lehdhany bveiplt Yo andipass prefarably lessithasdk: Weight?® ensure that the

second part of the test, conducted in the presence of the liquid, is done

in a sealed contgiofgr so thaty, HReuME26HMG6L RO RAKe REFhdiS2QRELRRI 1y 22

liquid is not flashed during the test, which could introduce experinental
error. In one enB8HPisRolymerigatippyqagtione isgneaptthat fhedluomeapey dass yotreags t han

10C, preferably clegsany hafh Sfe, TRNEmALCLALGR! YystedS Srt BRN cfiftysiaBdiegPSt
preferably | ess than 4C. 1n another enbodinment, the neasured Tmis |ess

than 5C, pref er atAmponentss Thinis ngiGo sap that Breathasiedblepvitoamentt ededdy &ven nore
preferably |ess , _ : : i Nat t a
F%tg&;b Gnqh@d%g nfi‘i‘lﬁﬂuenl Sﬁ% gélﬁggﬂ’za{x&?éa&f&g{] i fact, 4108 &

Cat al yst System The polymer 1 I | I'n a catal'ytic process using a
Ziegler Natta ceatabyme exigpsseanas Histinsetivity tatve Howgyen it iNatanhtogay ey st syst em
provides the ¢ 1. i ts wth little to no
reactor fouli ng%gﬁigo}og%g%gﬁnggég%%%EMPQ%%{%E%{EE %{aé@')i s very lowin
density. [0074] The cat al ﬁzt system of the invention will typically include
a Ziegler Nattall®@Zalystncamseforrd embpdgnet.ethabiilpenie) at miyates rtheendpound. | n

andt her referr i . t i i e or nore
p ;Iﬁgfea%gl:f: %Bﬁnatédhﬁbdfbg&g{)ﬁ(@ otr %ﬁéw&h ADGHdIRE LS

support rmateria one or a ts. The conponents of the
cat al yst syst em thairtee ptipwesrmeldngolemperptatsl Tan iff redrused (pr depressed dyinet wioee

Comounds can | heGoC N S bfhe of Ry kb AROIDRS T, (P
nunberi ng schenetefperatited] Peis detinpinfé by dirst Greowpsg dheenelSmrtempersiate @t i n
Chemi cal  And Engliaorllyen?errib?f%ifyc%ﬁ%al sc§3 ?1% ’cdggmét;'yg(%%}}), and then comparing this to a
similar measurement on a sample of the same polymer that has been soaked with
the diluent. In general, the melting temperature of the soaked polymer will be
lower than that of the dry polymer. The difference in these measurements is taken
as the melting point depression 0 Tm. It is well known to those in the art that
( higher concentrations of dissolved materials in the polymer cause larger
| depressions in the polymer melting temperature (i.e. higher values of ITm). A
) suitable DSC technique for determining the melting point depression is described
(\ by, P.V. Hemmingsen, ‘Phase Equilibria in Polyethylene Systems”, Ph.D Thesis,
Norwegian University of Science and Technology, March 2000, which is
incorporated herein by reference. (A preferred set of conditions for conducting
the tests are summarized on Page 112 of this reference.) The polymer melting
temperature is first measured with dry polymer, and then repeated with the
polymer immersed in liquid (the diluent to be evaluated). As described in the
reference above, it is important to ensure that the second part of the test,

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



| Ziegler Natta Transition Metal Conponent [0075) The use of Ziegler Natta
type catalysts are particularly preferred in this invention. Ziegler Natta
type catal ysts are catal yst conpositions that incorporate Ziegler Natta
transition mewmadcemoponents. Typically, the transition p@igheseipenent is a
conpound of a G oup IVB, VB, or VIB netad. The transition netal conponent
is generally represented by any one of the fornulas: TrX4.q(OR)q,

Tr X4. gRg2, VOX3, and VOQ(OR )3, wherein Tr is a Group IVB VB, or VIB netal,
preferably a Go r r: m Vanadi um
or zirconium (¢ ﬁ@lgXSFQQ%%EnQR%EEEJ%Eqwggggu é@%ﬁ? ¥J££§@E§H§1halogen

and Rl is an al kyhe gnbndpnenarﬂ;d'rrgns)laqm tham kﬂ}?@lm&bﬂnblbf lgsdlapla%jupmgerﬁﬂx)m 1to 20
WO 2006/ 009977 P / 102171 yl group,
aryl group, aral ETT g LUBS efatbf}'t 833%% Fk?ﬂ ds(t’)ﬂregcm%d “th J}_,"@Ek

aryl, aral kyls, aﬂmoﬂmbsmbdduﬁ@d tEdmhdsm’ed;D@‘mtemsmﬂlaﬁ Smnpteférﬁblﬁfbs£mmbon atoms,
preferably 1 to

o 1R02) i he. g g SR ByIeb ROt BoRa AR P B  Ca7 b SEAH n Che

beta position. Ib&emibmms\tmn 1Ot non-limting exanples of al kyl groups are

met hyl , neo-pentyl, 2,2-dinethylbutyl, 2,2-dinethyl hexyl; aryl groups such
as phenyl, naphtzlelle Eﬁglgﬁilﬁggugs such as benzyl; cycl oal kyl groups such
as 1-norbonyl ansition nmetal conpounds can be enpl oyed

if desired. [00 I'l1us | ude

Ti €14, Ti Br4, H5) 3&%‘5&‘? lf‘fg?‘ﬁ% é?‘“ﬁ”@%:%&é?@&%%%@%%mz

Ti (OC6Hi 3) 2C] 2, céfalf{mjzﬁbﬂﬁS)"ﬂﬂcSuseTmf( Mﬂ&glé}mﬂta aatz(lﬁf:syﬁ'terﬂ Br&ides dhe

Ti C13' / 3A1C13. In_ s rrent ref d,.t hat , t he
catal yst system ROf Qggrﬁf%r%dgwm%l tpg mﬁ?&é@ﬂ’l ]btp? g’e ° Ba&‘f‘ g’ 458 &4 not ¢ he
corfbi nati on of TpGadkimyholmerpodmt tiat & yery (Suhieastyt ri et hyl al um num),
particularly when the fluorocarbon is a perfluorocarbon. In situations

where the cataly titani nmbi nati on
of 11 CLA and al UCTalm &l logre E e Y e oo AlaTidl P ol EiSEBED, o 1o
preferably a hydNetd cdalpst aompound| mdaprefehbly axeadmeluormmhpomﬁte hatmthgst is not

a free radical | {)]rle elrrg Uboditnent, cateRys{ system will include one or more support

materials and/or one or more co-catalysts. The components of the catalyst system
are chosen to be capable of being utilized in the polymerization process selected.
The catalysts, co-catalysts and activator compounds can include the support
materials. As used herein, the notation numbering scheme for the Periodic Table

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

Ziegler Natta Transition Metal Component

( [0075] The use of Ziegler Natta type catalysts are particularly preferred in
this invention. Ziegler Natta type catalysts are catalyst compositions that
incorporate Ziegler Natta transition metal components. Typically, the transition
metal component is a compound of a Group IVB, VB, or VIB metal. The
transition metal component is generally represented by any one of the formulas:
TrX4_q(ORI)q, TrX4.qRe’, VOXs, and VO(OR)s, wherein Tr is a Group IVB, VB,
or VIB metal, preferably a Group IVB or VB metal, and more preferably titanium,
vanadium or zirconium, ¢ is 0 or a number equal to or less than 4, X is a halogen

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



[00771 Illustrative exanpl es of vanadi um conpounds include VO 4, VOC13,
VO OC2H5) 3, and VO(OC4H9) 3. Il lustrative exanples of zirconium conpounds
i nclude ZrCl4, zZrd 3(0OC2H5), ZrCl2(0OC2H5)2, zZrd (OC2H5) 3, Zr (OC2Hb) 4,

Zr Cl 3( OCAH9) , wdy s HO) 2, and Zr Cl (OC4H9) 3. 100781 Mpetrifsesss@hiit he
transition nmetal conpounds may be usefutdy enployed, no restriction being
i nposed on the nunber of transition nmetal conpounds that nay be

i ncor porated. Any hal ogeni de and al koxide transition nmetal conpound or

i xt th f 2] / A 5/ 021717
214)( gtrue);s)orte{SS?@%%Eﬁhngtgﬁlgsgnbu%dl ment O&Q‘Re% égﬁﬁlag%%? gﬁggcggaﬂtbuﬁﬁtg?
conposi tion of wrakyl gweptdndrthe birepr Theewylaarspipoamtt thitlemdaﬂralkﬁheolﬁamport
material can be gny ?g&ebﬁl’carbgriaﬁt%hgg;lrgf%xlaylaplo{ootbsrm ep,gg bl%ken%&'Ch as

tal c or inorganiC oxi or resimn rlas su
pol yol efin. Pref emhdnmmnttoﬁmemmmrmethe:hydrmsaﬂazhgroum ,gh:m mntooutzd]e [ 00801

Exanpl es of suitablge .inar oxi de terl al.s inc LI A VA
or 1 VB metal oxi &’é?eit g@%’% ?Oé'émna S P?Ibhmg ﬁ%ﬁ‘f‘f%ajﬁ Xt ur es
thereof. O her i panpam: eetXi, (ﬁe@pénlﬂyﬂ,tz Iraiynebﬂlbamplmmdlemym@l aRy1 Qcpor i N
conbination with the silica, m pa or silijca:-al re m

titania, zirconf4h aéﬁllben{ﬂhgapp&;gg Qﬁ'h%?“l’%‘? abpeoz uﬁ'ﬁ@?@yﬁ?@?ﬁ‘ﬁgﬁ however ,
can be enpl oyed,-nbflorfyk aWpkitres POIYR tehifish SbteNcoapoidds k@t By bapieyedi0081) In
anot her enbodi msnt éhe i norgani ¢ oxi de support is any particul ate oxide or

m xed oxi de t hat ¥ been t her mal | y or chemcally dehydrated such that it
is substantially free of noisture. Thermal treatnment is preferably carried
out in vacuum or [MI6] e pumBistgtivelcikiinslesdif\titinied torffandUtdudesTiOLL TiBgeN at a

Bt 800C. Pr eodtbE g durbeius dHECHHL: HBLHi Rt e VO of the
thermal treat rrerri(oc@ngeh,f moczmggfz, Ti éb@gmbp&tz add Thone' s AIchOWaY 86me Short er
oyed, provi libriumis established with

or longer tines
the surface hydr 8‘%@? H’B&VC"TOGS‘EJP“@@% tha thﬂéﬁﬁf‘%}’ﬁfaﬂsm B SHRPESE er nat i ve
met hod of dehydr gtah@fh @frachlonde, particularly not the combination of TiCly and alumirum

alkyl (such as triethylahuminum), particularly when the fluorocarbon is a
perfluorocarbon. In situations where the catalyst is titanium tetrachloride,
patticularly the combination of TiCl; and aluminum alkyl (such as
triethylaluminum) the fluorocarbon is preferably a hydrofluorocarbon. In another

embodiment, the catalyst is not a free radical initiator, such as a peroxide.

( [0077] Dlustrative examples of vanadium compounds include VCly,

VOCl;, VO(OC;Hs);, and VO(OC4Hy);. Ilustrative examples of zirconium

N compounds include ZrCl, ZrCli{OC;Hs), ZrCl(OC;Hs);, ZrCl{OC;Hs)s,
( Zr(OCyHs)s, ZrCls(OCsHy), ZrCla(OCsHs),, and ZrCl(OCsHoy)s.

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

metal compound or mixtures thereof can be usefully employed.



the netal oxide support material can advantageously be enpl oyed. Chem cal
dehydration converts water and hydroxyl groups on the oxide surface to inert
speci es. Useful chem cal agents include, for exanple, SiCa, and

chl orosi | anes wo mugdwesrs trinethyl chlorosilane, dinethyanici@ishiotBh byl sil ane
and the |like. Chem cal dehydration is acconplished by slurrying the
inorganic particulate material, such as, for exanple, silica in an inert

| ow boi |l i ng hydrocarbon, such as, for exanple, hexane. During the chem cal
dehydrati on reactsiugndrtt he silica should WO 2006/ 009977 PCTI US2005/ 021717 25
be maintained in sture and oxygen-free atnosphere. To the silica slurry
is then added a |low boiling inert hydrocarbon solution of the chem cal
dehydrating agef@@7%such dsond embaiuaendloé thedivesition, dli eatalysy berhpositien of

Preferably, the e . i ] ; i ction are
from about 25C ttg%a oé\?&nlig '?&?gegﬁgl\?@\eg#{,a{eﬂfagﬁg?%ﬁﬂ*ﬁngt\%g%i %@népag&gé@?es can be
enpl oyed. Pref er abtigylartyhmorous enpert ataterial wich las e abourganb0Rides, alyesiriouy 0C.

[ 0083] The chem %19' 1ggeh éjr tsiucn rOCdeégn ﬁju%ulci b& al .1 oned L9 proceed

until sufficient STRSPEIRPRSSIL AL I SAOPFLH (RaBUY PR fHERPE BEHEE R et er i al
as indicated byimessabkida of gas evolution. Normally, the chem cal
dehydration reaction wll be allowed to proceed fromabout 30 mnutes to

about 16 hours, ferab o) r. oNn.. €0 P f o chem cal
dehydrati on, the[@gﬁli d pIaE%(#pcltEﬁ %ﬁgﬁ%‘&@gﬁ%& &%‘%%@?i’gaﬂ%ﬁ&}gnﬁrtrogen

at hosphere and wilthetVorme BB meal exidesreschwed kiliea, diyying xgiliparalinriee ander t

hydr ocar bon sol vent.. The solvents, .. as well. as the,di.l uents enployed to
formthe slurry i %@ergt\({)}?ﬁ?kﬁ%ﬁno&qmg r?%’r%“’%%?t m?ﬂ’elﬁfg’ P (Sﬁyf"dn lh(%%%r%e, “&n be any
sui(t abl e inert hydnigsaioborith tHel silidar alumier of siicesdtuminy dito Qenghaiags tiaania, hept ane,
hexane, tol uene, isopentane dt | i ke, [0084] The. specific parficle size,
surface area, poFléco\r}%i &H‘ﬁr%hea ge'nu ”rsm@f’lesﬂﬁpf"?i%émﬁ o We‘{ff’ogfﬂsge
characteristic obmpibged RPEGRDICPINIIERS Alch attlyditividnbcal to its utility in
the practice of the invention. It is preferred, however, that the inorganic

oxi des have an agq%ﬁge parti cltg sie_zgodin tth ran%e of from al?) uts 30 to 600
m crons, preferabl’y “from dut* 3o BT Er AL %’ﬁ?‘?é@@’ r&a®® from
about 50 to 1, O0Pardeplad exidetr efisedpaide giaahas bpenathemaldy yr chernigrlphizhydrated t o 400

savare meters pel, g1l ;AL AR, Bt O MRS THOMAPOMGD Eplbi? O PO

carried out in vacuum or while purging with a dry inert gas such as nitrogen at a
temperature of about 100°C to about 1000°C, and preferably from about 300°C to
about 800°C. Pressure considerations are not critical. The duration of the thermal
treatment can be from about 1 to about 24 hours; however, shorter or longer times

can be employed provided equilibrium is established with the surface hydroxyl
groups.

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

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



preferably fromabout 0.5 to 2 cc per gram Cocatalysts [0085] In a
preferred enbodi nent of the invention the catal yst system includes a

cocat al yst conposition. The cocatal yst conposition conprises an organic
conpound of awEb&lwe@ts G oups | through 3 of the Peri odiP% /-[@fb %\p

2006/ 009977 PCT/ US2005/ 021717 26 10086 Exanpl es of organic rre({ conmpounds
enpl oyed as cocatal ysts include organic conpounds of |ithium nmagnesium
calcium zinc, and alum num Organic al um num corrpounds are preferred.

Particularly preferre anlc al unm num conmpeunds ha e r.e resented by
t he general forn% ﬁ%Tfé a MO Oxﬁeagf%&aggosﬁ 7% %/fh 18%}%1“ fan aryl
group havi ng fr ofiferd add8d @ad\becsilmgammmr%adﬁn@meﬁoraoﬂmé ﬂgﬁlﬁbaaﬂmmlraﬁﬂg al koxy
group or a hydrogen atom .and n te.adeire u in the range of 1
to 3). Exanples %F‘@gﬁ? cfmé?"aWP]ﬁu %ﬁﬁ?ﬁ‘ﬁﬁiﬂnﬁgﬁﬁlﬁgﬁél% RPN hum
conmpounds such aﬁnéers|dﬁxﬁﬂ"9’dhe1§ichlrﬂeﬂ§wﬁatloﬁlr@btlﬁﬁ|are ﬂdnﬂrabdwmmﬂemm izec; nonoal kyl
al um num di hal i de, al kyl _al umi num sesqui halide, dialk al um num

monoal koxi de, ankPYVe iighers Ao Fm CTRRFFAREGRI P B cPpdgy, tIRf%tPV Badeng 1 to 18

carbon atons, prehgémilevii bt St HAC ROBouHaNS, and mi xtures and conpl ex
conmpounds thereof. Illustrative exarrpl es of such organi c al um num conmpounds

i nclude trial kyl ﬁé m nu sych rTBth m m trieth | um num
tripropyl al um ni 3tr||rsnB]Pﬁf#’§7‘img]1 Lﬁl"l@g’? %W‘iﬁlﬁf’ﬁ i al kyl
al um num nonohal ¢ Suffidieft @Gisktte Rt f&mbvﬁl ﬁamrmmpaﬁfaﬁl@elﬂpporﬂmetehml asal uni num

chloride, diethyl alumnumbromde, diethyl _alumnumiodide, and diisobutyl
al uni num chli or i dBdicsresh B cRssation) qf ngam §e! “*éﬂnhaNP’a'@éle@EIfh%m#e@tha%ﬂnum num

di chl oride, et hyjleachbs Wil BEadbwddl Brrsl@ed FBhMbbut R MFRYMS dhdaf Pphess, et hyl
al um num di brom de, ethyl alum num diiodide, and isobutyl alum num

di ¢hl ori de, al kynr_efalrahlm 1nfa % o q (HPRR CoaRietion i thehermicphdehydiations the plid
sesqui chlori de, dialjow mabiumid HFsoP MRt 5%6&% athbSpheRSaddl WRhEY bne @ UM num

met hoxi de, diethyl alum num ethoxide, diethyl alum num phenoxide, dipropyl
al umi num et hoxi deoredpies willye g1y, euvar- fiesrinest hygsocereon sohentdi smﬂtsylvental um num

phenoxi de, and ddsaolréﬁyéstﬁé&! proexgé'd'tg?&msﬁigﬁlugfa%ﬂﬁ@tsgﬁ{ﬁ Gt hydri de,

di et hyl al um num hydri de, al um num and I sobut yl
dehydrating agent can be any suitable inert hydrocarbon. Illustratwe of such

hydrocarbons are heptane, hexane, toluene, isopentane and the like.

[0084] The specific particle size, surface area, pore volume, and number
of surface hydroxyl groups characteristic of the inorganic oxide are not critical to
its utility in the practice of the invention. It is preferred, however, that the

inorganic oxides have an average particle size in the range of from about 30 to

——

600 microns, preferably from about 30 to 100 microns; a surface area of from
about 50 to 1,000 square meters per gram, preferably from about 100 to 400
square meters per gram; and a pore volume of from about 0.5 to 3.5 cc per gram;

preferably from about 0.5 to 2 cc per gram.

Cocatalysts

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

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



al um num hydri de. [00871 In one enbodinent, trialkyl alum num conpounds,
specifically trinmethyl alum num triethyl alumnum and triisobutyl

al umi num are preferred. In another enbodinent, trial kyl alum num conpounds
are used i n cd®fbiopedsh wth other organi c al um num comEaunrg®ssuth as

di et hyl alum num chl oride, ethyl alum®umdichloride, ethyl alum num

sesqui chl ori de, diethyl alum num et hoxide, WO 2006/ 009977 PCT/ US2005/ 021717
27 or diethyl alum num hydride. The organic al um num conpounds rmay be used
in the form of gkt ure mmGRIB Gato HRAN Mmpd 005 BhphfePROLDRE DO Mot
t he cocat al yst an organic um num corrpoungl havi ns or nore al um num
atoms |inked thrm@de argaws yeraprubdsorhligium, magnesgen caltigm, mE%antiwlé@lr@m such an

organi c al um nu (o] (

( CAH9) 2AI OAI (mﬂgéﬁﬁaﬁ&?ﬁ?‘&%@%ﬁm %@éﬂcﬁf“ﬁ%@ﬁfeﬁfr fes of

or gani ¢ conpoundslugfinure tethpoundsher thdsanemésemted bin thagenedil dotmplla Rpdiesi um

et hyl magnesi um e th and h S 1(C2H5) 4
and’ Li AL( C7HL5) 4. ‘D'Lﬁgéll‘ (ria e“g{eg élrkﬁlzﬁ‘%ﬁ% “‘f?’v%“’“ %S‘lrir‘ﬁglf{g’gl ?gr‘f?ibpi% on et al
conponent wi |l | gemms,a}(ldpndjes a halodee atcmmgsa adi&oxirgmup oaldutirogert gompaudtn 100 nol es

of al um num per of t.r n5| ion rreta net e support.
The organonetal |i %no eSr%loﬂﬁ é} 5%’55 ‘ﬁpmgu?‘f(%l%s f%{ﬁﬁ”o@m%w sol vent
such as i sopent aﬁﬁnpdﬂ.ﬁd(saﬁﬁudealkyl ﬂhmmtm comBpduats suEiaistﬂiaJhylal%hﬂhaim didtdybl Hal i de

Conmpounds [0090] Tn. anoth ferred, e di nent the i ion, the
catal yst conposPRPgH™ g‘é&eon@oﬁ Ql |d0‘%36\1rdfh %‘FY aIa T3 et ol

hal i de COWpoundSsesqLEﬁéﬁﬁel’&ﬁh]_yyl td]@n@ahalm@ioam@ﬁm5|aha oral;m@cl Whigfougn t i t ani um
transition netal or. e alk h or alk i de

conpounds. Such 8’:9?%\3'33‘? &%ﬁ%ﬁ%‘é‘?‘“‘%ﬁ@ gl"ﬁf o afpms, é’é“g lﬂggtt‘éplggg T earth or

al Kal i metal hal ks CRHNSfieks i aAd a&n@si)u@ﬁpoh@ds térbat ENlthdtta@vd axammpRObLEr S (and
hence i ncrease the_active centers), abiljze active ti tanl um cg}é{iers from
the deacti vati onSYPOERES al a“&HHF%Fm%RfHﬁ‘ifd%Cll‘q?é“%lW% s during

pol ymeri zation. MagaRsl Uiithal digginks, siphspef arufrﬁdma,lﬂqﬁbumtﬁamﬁnum, and

trihexyl aluminum, dialky] aluminum monohalides such as dimethy! aluminum

chloride, diethyl aluminum chloride, diethyl aluminum bromide, diethyl
aluminum iodide, and diisobutyl aluminum chloride, monoalkyl aluminum
dihalides such as methyl aluminum dichloride, ethyl aluminum dichloride, methyl
aluminum dibromide, ethyl aluminum dibromide, ethyl aluminum diiodide, and
isobutyl aluminum dichloride, alkyl aluminum sesquihalides such as ethyl
aluminum sesquichloride, dialkyl aluminum monoalkoxides such as dimethyl
aluminum methoxide, diethyl aluminum ethoxide, diethyl aluminum phenoxide,
‘ dipropyl aluminum ethoxide, diisobutyl aluminum ethoxide, and diisobutyl
( aluminum phenoxide, and dialkyl aluminum hydrides such as dimethyl z2luminum

hydride, diethyl aluminum hydride, dipropyl aluminum hydride, and diisobutyl

alumhum hydride.

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

aluminum dichloride, ethy! aluminum sesquichloride, diethyl aluminur: ethoxide,



hal i de. Exanpl es of magnesi um hal i de conpounds include MyC12 and MBr 2.
MyCl2, particularly anhydrous MgCl2 is preferred. In one enbodi nent, from
about 1 to 10 noles of nagnesium chl oride per nole of the titani um conpound
are used. O heVO3wWpPUH’e al kali earth conpounds incl ude pdwseosseprEsent ed by
t he WO 2006/ 009977 PCTI US2005/ 021717 28 formula MJ(OR) 2, wherein Ris an

al kyl group, preferably a CCs al kyl group, as well as the conpound

My(OH) Cl . El ectron Donors [0091] In another enbodi nent of the invention, the
catal yst system gf qitiifl aninR¥ENhidPRe. COM Fbiik MAminSAbmPARINRRy bd @Bsid | on net al
el ectron donor. Illustrative but non-lrmting exanples of el ectron donor
conmpounds, knownthgdorm ofgimgxtprgoeeomplex qeppohe- al i phatic and aromatic esters,

al i phatic ethers, cyclic ethers, and aliphatic ketones. Exanples of
preferred corrpouEmssp ncl uge ahgtter aMbediRkst! @R, codh@Yane an FEAEO IRmiREL hy|
formate and diethyl ether, A particularly preferred electron donor conpound
i s tetrahydr of ur STPOHENYEE SO PrAAqre Ayt ik pdiRroy e g} Oy SIFARTREL t o
transition netal ;6epmRoMAE, Baklpld Wradbl ahidrgicuMiefibkatMdiandzopaund, ranges
fromabout 2 to 30 noles, and nore Kreferab y fromabout 5 to 15 nol es of

el ectron donor cOrHouN@ANELHan((@BekAtMd(GHanghd i on netal conpound. Surface
Modi fication [0092] In another enbodi nent of the invention, the support
material is surface nodified. SurfeZ&):AB¥THaki on is preferably
acconplished by treating the support matlerial such as sili ca, alumna or
silica-alumna with an or ganoretal lic  d&aHpound havi ng hydrol ytic character.
More particularly, the surface nodifying agents for the support materials
conprise the or gé’ﬁ%‘ﬂet al | Freampasps pagpsicofomppigds b gnetals etherdhaypluminamand | LI A,
of (t he Periodi ¢ FablignyiMiatneRlsf _ecflﬁ'phﬂaghé}ﬁlm QLBARONBEMYI Linc CPRDS are
sel'ected from magnesi um and al um num organonetal I'i cs and especially from
magnesi um and al epFpawds adsk A (Cols)niand JAAKCHiler eBie rasipr efs emgenognetplict he

formul as RIMgR2 . i r e same or
different al kyl gr S{p%sd,%%?}y h%ﬁ%s&“@% Bgflk%‘eﬁ%lﬁ%yﬁegéﬁﬁgﬁg‘r oups,

al koxi de groups ahokialdiosthgut 1§90 owjes obaluminkemet mglead pransitibhaneté pdmpaantbon gr oups

RL, R and R3' prgter abhy sGo8haithe i Mhedife 2%nSREPOM & Q28 in a suitable

hydrocarbon solvent such as isopentane, hexane, or toluene.

Alkali Earth or Alkali Metal Halide Compounds

[0090] In another preferred embodiment of the invention, the catalyst

composition includes one or more alkali earth or alkali metal halide compounds.

( Preferably, the catalyst composition includes a titanium transition metal and one
or more alkali earth or alkali metal halide compounds. Such catalyst compositions
(_ include at least one alkali earth or alkali metal halide compound in an amount to

dilute titanium centers {and hence increase the active centers), stabilize active
titanium centers from the deactivation process, and/or enhance the chain transfer
process during polymerization. Magnesium halide is a preferred alkali earth
halide. Examples of magnesium halide compounds include MgCl, and MgBr,.
MgCl,, particularly anhydrous MgCl, is preferred. In one embodiment, from
about 1 to 10 moles of magnesium chloride per mole of the titanium compound

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



and nore preferably froml to 10 carbon atons. WD 2006/ 009977

PCT/ US2005/ 021717 29 [00931 I n one enbodi nent, the organonetallic conpound
is added in a suitable solvent to a slurry of the support material. Contact
of the organorfe®@ Z4/408977 conpound in a suitabl e sol vent ansthgeswapert is
preferably maintained for about 30 to 280 m nutes and preferably for 60 to
90 mnutes at a tenperature in the range of from 20C to 100C. The dil uent
enpl oyed in slurrying the support can be any of the solvents enployed in
sol ubi l'i zi ng thefo%ﬂ@ﬂ&@@k?'dvﬂe@eﬁﬁ@ﬁ%l%’% keFerid£h e -ab byl sy sgsrre [ 00941
The amount of surface nodi en in preparation OP

surf ace nndlfledwﬁhﬁﬂ%ﬁ%m%ﬁW%Mﬁaﬁgﬁ h vary over a wi de range. Gbnerally t he
anount will be in the range of from 1x10"6 noles to about 2x10"3 noles of (
nodi fyi ng agent pREwréd PoadRé support material. However greater or |esser
anounts can be ‘enployed. [0095] Illustrative, but non-limting exanples of

magnesi um conpou whi ¢ J tably surface nodi fying
agent for the su@ﬁ E’eﬂ"f‘éf’rse‘? %Eb?f ng“\?%?’ﬁhet% PhYERT gltpea
di al kyl magnesi umenﬁulcdsbnmm adle@gt B3¢ ivRGRRG dihetd eREQP)INRY MESIrAHYS but

di -i sopropyl nagnesi u n- y] magnesi um di -Jj sobutyl magnesi um,
di amy! magnesi um "%y mﬁ)@f%ﬂf"ﬁé’ﬁé@ﬁfﬂ?} dogpr. GompaYRAsnEgHESAS U AFWis Bases,”

di - n- decyl magnesingiide aﬁz@ﬂatfé'anﬂ'moﬁﬁﬁ@@s‘ldrﬁﬁﬂﬂﬁﬁé btBdrs, ByeieCdiesl, kydApearsi unms,
such as dicycl ohexyl ma%gem um  di arg magnesi uns such as di benzyl magnesi um
&

di t ol yl magnesi urfCiAY  Bermples, phagies WP%P%%/}%U%W&W@PUW?’?H% as et hyl
magnesi um et hoXi gerond Bty @ rrhdtk &g dﬁé@t@?@éer' A ﬁh?ﬁcﬁﬁ:}lyisﬁeferkuteie&% dohdp i Ng

exarrpl es of the al um num conpounds may be suitably enpl oyed in

?or dance wit h SOR®ORIGie iptrplyidrodiran. Theul%alwm af hermlriron deuer ggnpound to
rivmet hyl al um nuggngitisd afehy lc@rhfaﬁﬂuﬁ‘%‘ncufaﬂ&&ft% %Brﬁmuﬂﬂ%mpound ranges

tr| i sobutyl al um num tn-n-hexylal'umnum  and tri-n- octg al um num
It

Preferably, the &myabal2utei Jurples rApd srrie peefasably fiomeabayl altwdd miplgs of
triisobutylal um fut, 8 LBl eRnditlo P ki on A8 QR hda PCT/ US2005/ 021717

Surface Modification

[0092] In another embodiment of the invention, the support material is
surface modified. Surface modification is preferably accomplished by treating the
support material such as silica, alumina or silica-alumina with an organometallic

compound having hydrolytic character. More particularly, the surface modifying

.

agents for the support materials comprise the organometallic compounds of the
metals of Group ITA and IIA of the Periodic Table. Most preferably the
(— organometallic compounds are selected from magnesium and aluminum

organometallics and especially from magnesium and aluminum alkyls or mixtures
thereof represented by the formulas R'MgR? and R'R*AIR? wherein each of R/,
R? and R? are the same or different alkyl groups, aryl groups, cycloalkyl groups,
aralkyl groups, alkoxide groups alkadienyl groups or alkeny! groups. The
hydrocarbon groups R', R? and R? preferably contain from 1 to 20 carbon atoms

and more preferably from 1 to 10 carbon atoms.



30 [0097] Preferably, the surface nodifying agents are the organonagnesi um
conpounds which will have fromone to six carbon atons and nost preferably
R, and R2 are different. Illustrative exanples of preferred nmagnesi um
conpounds i WO WEE008RyY| - n- pr opyl nagnesi um et hyl - n- but gdmegeesiim anyl - n-
hexyl magnesi um n-butyl - sec- butyl magne&! um n-butyl -n-octyhnagnesi um and
the like. Mxtures of hydrocarbyhnagnesi um conpounds nay be suitably

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

butyl magnesi um gp9$]98] Magaesimtbalvet, AkAbRYdoneANRMPHSUAT B Medenad | y
obtained from conmrercial sources as mxtures_ of the nmagnesi um hydrocarbon

compound wi t h astARlp&plveRkis Arsluret of the WPRATHIHST o CarRy Pt g srssteTRetall i nor

amount of  al umkdasRLYERQGRLRYvest Rl BleGlifpRltYs RERRERmAiRaiREORE afolt faci litate
sol ubilization and/or reduce the viscosity of the organomagnesi um conpound

i n hydrocar bon 3&# {&rminuiph enchprgfesbhr 196 A0 $0 PV anpuiessd fajiemyeratiisl Byked f or t he
or ganonmagnesi u JyzeTel o AR § : bop 1iquids,
for exanpl e, kr?eaggérie, ﬁggqgﬁg}&ggt gr_lee,@lflu gﬁ%ﬁ)\é&%o ec ne%%grglﬂ) 61;Ft<tures

t hereof , as wel be &y of thesoiseritcenpleived tsobibHizing dletrreanotetaliic sempauod ahe, xyl ene,
etc. [0099] Ap omagnesi um conpl ex with a m nor anount of

al um num al kyl %S);e?"ré%)b?)gtshg%%% by the formula (R MJR2), (R34Al )y wherein R
and R2 are defined as above, R4 is defined as R and R2 and x is greater

than 0. The r ald0®lof y The yount ofisyrizee gedifyingageaismpieysd mpregsraipeplabl y from 0
to about 0.7 angleBBle nfd8Sied &Yt aRBLARR Viry QvérQ Pidd rankt.| Bedefal e exanpl es

of preferred organonmagnesi um organoal um nuim conpl exes "are [ (n-

gHgg (2 szg ﬁsz g}% a@RpHS) B Ae i tprangg at Gapolxt '( ImqlgsCRHDpRARaIG” omdles pf n;]I )
- ; rocar non
ﬂlgﬁ‘gizl?gua%exﬁggr eérgrﬂ Io g&%? %g@%eﬁ&g}@gg é‘f%t% &2 lesgeQ -LgQ.lntJ"y

sol'ubl e or ganonagn rals by conventi onal
met hods. One suedn brrenblopedi nvol ves, for exanple, the addition of an
appropriate alum numal kyl to a solid dial kyl nagnesiumin the presence of

an inert hydrocapbgn sol Wghtaivd M RESRRRNR LA I AR0R YA conpl exes
are further described in the literature, Tor exanple1n W 2006/ 009977
PCT/ US200 5/ 021wlngh may be suitably employed as a surface modifying agent for the support

materials in accordance with the invention are dialkyl magnesiums such as
diethylmagnesium,  dipropylmagnesiums,  di-isopropylmagnesium,  di-n-
butylmagnesium, di-isobutylmagnesium, diamylmagnesium, di-n-
octylmagnesium, di-n-hexylmagnesium, di-n-decylmagnesium, and di-n-
dodecylmagnesium; dicycloalkylmagnesiums, such as dicyclohexylmagnesium;

(“ diarylmagnesiums such as dibenzylmagnesium, ditolylmagnesium, and
dixylylmagnesium, alkylalkoxy magnesium such as ethyl magnesium ethoxide
and the like.

C
[0096] Tlustrative, but non-limiting examples of the aluminum compounds

which may be suitably employed in accordance with the invention are
trialkylaluminums  such  as  trimethylaluminum,  triethylaluminum,
tripropylaluminum, triisobutylaluminum, tri-n-hexylaluminum, and tri-n-
octylaluminumi, Preferably, the organoaluminmum compounds are

trimethylaluminum, triisobutylaluminum, and triethylaluminum.



31 U.S. Pat. No. 3,737,393 and 4,004,071, the detailed descriptions of each
being incorporated herein by reference. However, any other suitable nethod
for preparation of organonetallic conpound may be enpl oyed. Pre-activation
[ 0101] I n one Vepppoeoasnt of the invention, supported catgdysodo864r SOrs
are pre-activated. Pre-activation can i dfluence the norphol ogy of polyner
products produced by the process of the invention, in particular the bulk
density of the polymers. In one enbodinent, the supported catal yst
precursors are pigy7Act i vatgdapi, the RHETXAMGIng AR ardf fe iofidfordphiun@! UM num
al kyls at an activator to transition metal, particularly titaniu mol ar
rati o of from abéempnds wiickapidhave Bom opgtosixerpe pigms ynhmetipraerably B 10,
Pre-activation c (2] oF d i : i ypically
at tenperatures f%gﬂ oir?n gggﬁlﬁf&élé%cn?%{r%%&%mvﬁ%@gﬁf?ﬁﬁoﬁgyﬁlﬁn%ﬁ% %@F%\Aed by
dryi ng at tenper &xclides bebxiaamonyieagnes3ot t o cthylooditylmaghepnef er adsty-nabout 50C

to 80C, to obtai =11 owhng: SOk trative on- i i ng
exanpl es of pre- g%’?ﬁ/%?%ﬁ%ﬂagﬁgﬁ&s&?r?\éﬁ%ﬁgh %ﬁkdgf h{i/iﬁﬁﬂygﬁ?ﬁ%l? i C llo%%e ( DEAQ) ,
trihexyl al um nuthe( MreHAINxtwresi of hydroesthytriagneniunt Too@GTAIdY , maye bhysuitailyun noxane
(MO, and mxt upggophergel LOLRL] Lghlyat ko Sholhgpre- 86! iqaagd catal yst
precursor, prior pol yneri Zation, can 'be accomnp SHe by feeding a slurry
of the pre-acti vhttglthaggesimour sor into a suitable reactor under a nitrogen

at nosphere, typically in an inert hydrocarbon diluent such as hexane,

helpt i t t ol ' ' t - t
b’ ueerul 1 ehelngs) (0! {SREnea i Bicabl offnolndd 4F bolbly AR MR TOUT 1O

cocat al yst. The caumatreikhsotrcessasprigthiess abihy mdpdesitvachydiocdrbdor ompabdiwith 2 t o 40

wejght percent of.. Qgg-g Y i m th tQ-slurry
th't(a pre-activat eﬁé%&gﬁﬁan |§le§@éjg%hgnh%foa de t%ﬂ’t%ﬁé?n?)glétctg%r as a
solution. Pref esalabinpm hydectbylals preftrably padsero iofordat torfaciliatd eoltbilémagert i on

nmetal , preferabl titani qin.th stemis from5 to 30 referably from
About’ 100 t o abottvSafieh Wlyielst\F &Y Belibireotl lopeb ot B haRESLS 0 Y o

t he specific enbsuiverenThe hydrdcabbu adlivane vigditllyrapldvedrifdr the) ogsmpieesivof t he

cocat al yst systens e oyed in t resent inyvention.include, but are not
linited to, physf‘é%ﬂ‘ﬂ% %%hg“"eé%f’?gffeu& T RSBt B fer3BBl0s) 021717

hexane, heptane, octane, decane, dodecane, or mixtures thereof, as well as

aromatic hydrocarbons such as benzene, toluene, xylene, etc.

[6099] A preferred organomagnesium complex with a minor amount of

aluminum alkyl is represented by the formula (R'MgR?),(R5*Al), wherein R' and
( R? are defined as above, R* is defined as R' and R? and x is greater than 0. The
ratio of y to (y+x) is from 0 to less than 1, preferably from 0 to about 0.7 and most
desirably from about 0 to 0.1 Iustrative examples of preferred
organomagnesium-organoaluminum complexes are [(n-
C4Ho)(CoHs)Mg][(CoHs)sAllo oz, [(n-CaHy):Mg]{(C:Hs s Allo.o13, [(o-
CaHg)oMg][(CoHs)3 Al 0 and [(n-Celli3);Mg][(C2Hs)sAllp.or.

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

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



32 including polyneric nmethyl alum noxane (MAO), co-polyneric isobutyl

nmet hyl al um noxane (CoMAO), and m xtures of MAO or CoMAO al ong with
conventional trialkyl alum num conpounds, such as triethyl alum num (TEAL),
tri-isobutyl a¥Qmoewpa’{ TI BA), trinethyl alum num (TMA), gordseeogbiabum num
di et hyl al um num chl ori de and m xtures 8hereof, said physical m xtures of

al unoxane and trial kyl al um num conpounds conprising 10 to 90 nol e percent
al unoxane, and preferably 10 to 50 nol e percent al unoxane, wherein the nole
percent correspo I i f aal 4dm : und.
Processes Gener apg%r%agergg%&gﬁ’ ?% ia%%g’bgﬁ%ﬂRg%c#ﬁl%%tﬁﬁelm E[egﬁ%g?%gﬁ?s

i nventi on pert ai nerorperatadyheseinpnl yafeserice.at Howevan cgngr othgsosujiatde imethodofer pr ocess,
and the process i i i i ange of tenperatures
and pressures. SS@%&%@%&%@%&%W@%&%@%@X@r?‘é%p%?e ‘oop slurry and stirred
tank reactor processes. Either process can be used in conbination with a
centrifuge, a ondrgaetyatien osh a two-stage flash or any conbination thereof
for recovery of diluent fromthe polymer product and recircul ation of the
diluent back in¢m@if he pghyRREmERINDNPNHO GRERi0AS duffor@d ¥atdl§s pFeRtsors
purification steps. [0104] Desirably, little to no pol ¥]rrer "swelling"” is
exhi bited as i ndifEaPEAtEd) | Preativion a8 jppicas thsnmernpRey 96IRPRBIET gl ass
transition tenpempadd roa-lﬂ;edggrthﬁ BRcesiBY th MPerBh, B parfidular iRMIEnditylob | € or no
di l uent mass upt ake. us, polynerization 1in the diluents of thé present

i nvention provi dé pabymess. gAn 98¢ yrreedimeiicp tspporterh catelyst Eechseig |80 PEL | ow
viscosity w th g9ad.ieafnbiddeif andbeHeabull§ahihud altlk A achifRIgneous

pol ymeri zati on and/or the conveni ence of subSequent reactions to be run

directly on the faasifionimialopartycarly ifacivm: ewloy oatiosY fpet apaetr Q- Lt 4be¥ 195 ocesses
acéording to thi %ok@}ﬁfe%réﬂ‘ B6R GRMbI BY  PRULcBLHANYan! BIRALALY RN a

tenperature range effective in carryi r;% out the polynerization process. In
Y

general , effecti wedrpcarhon shunyr roedivrm figpécally enicaberature Grom gbop0OTC tpr38iler abl y

o st 2o bl e i B 1

PCT/ US2005/ 02171100°83 and preferably about 50°C to 80°C, to obtain a free-flowing solid.

Illustrative but non-limiting examples of pre-activating agents include diethyl
aluminum chloride (DEAC), trihexyl aluminum (TnHAL), trioctyl aluminum
(TnOCTAL), methyl aluminoxane (MAQ), and mixtures thereof.

[0102] Activation of the pre-activated catalyst precursor, prior to
polymerization, can be accomplished by feeding a slurry of the pre-activated

PN

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

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



to 110C The upper tenperature will be limted to at |least 1 C below the
polymer nelting point. [0106] Polynerization processes according to this
invention are carried out at any pressure or pressure range effective in
carrying out tYR20pEN9NEri zati on process. The pressures mpiDystzmay be in
the range from1l mmHg (133 Pa) to abod& 3500 bar (350 MPa), preferably
from0.5 bar (50 kPa) to about 500 bar (50 MPa), nore preferably from about
1 bar (100 kPa) to about 100 bar (10 MPa), and m)st preferably from about 5
bar to about 50 L’h@l’ud{nﬁ ric (HHGY hluhmhoRie (M fmédc kdbRtd meent i on,

ol efin(s), pr ef er abl olefin o) ef er abI y
et hyl ene, tB¥s @%@&)f ang. gnix Fe)épBIlr %‘é& Qéoéq%ﬁ‘L?h ‘”ﬂﬁ e‘§ ce of the
Zi egl er-Natta Ca&@ivb&ﬁfonﬁ)tﬁé]ﬁﬂﬁﬂﬁim&ﬂ@omﬂ:dﬂ@]%ﬁc@msdﬁ‘&ﬁ?)fl|ahﬁﬂmﬁ\1b(3m19r| or to

the mai n polynerization. In one_enbodi nent t he prepol yrrerl zatl on process

is carried out i H-sottyhakyninm SEBLY). Emeln PW‘““H‘(EE%K idhexylaglprgipum,

tenperat ures andyRhgs Skifethm EHBridd GRP InYiRRFes Z8LkAN s&i@"bk#yﬁléﬁ m&hﬁ&eowth any

ol efin monomer or conbi nation and/or in the presence nmol ecul ar

wei ght cont rol | | Aymexes endtyekyhduripgmsgarounds eoraptisig| 1840 8P Ynole percent

prepal yrrer i Zat | ORugb e i ShrBsp 11550 BRlBochOuyfufd a1k, 359

4,923,833, 4,921,825, 5,28 and 705,578 and European publication EP-B-

0279 863 and PCTPeeesf GaEmasronds tm@egrwlar4m10%qlmnmmn\mqmcdqclmoelpn@1de| nfully

meor porated by reference. [0108] The prepol ynerization and/ or

pol ymeri zation ppRres& can be carried out in a batch or continuous process.

By continuous is neant a systemthat operates (or is intended to operate)

W|thout i nt er r upGemsralFroCeRSEaidiGshs an@ Refotd®Bls@msa continuous process to
o(duce a polymer would be one in > in which the reactants are conti nuously

i ntroduced into eact ors a pro cqn | nual |y
wthdrawn. In a @?ﬁ%]erred SYCHEHY %ﬁﬁ}mgf %/hg‘yp(ﬂr?)ﬁtgﬁe%%o focess’ of

the invention i spdymaihtidipootessp aaCiks pmc({sﬁ)is(haitabﬂwmﬁamt OVer us;edb tangd he

pol ynmeri zation p ess .of t@_ftyts |nvené g ain ffICI ent anount s
e et vot PEOEanthes i otse SR arors bt eSS o8P

PCT/ US2005/ 0217 1#d sﬁﬁeﬂ@ﬁmmdrwcb@éb qaiﬂaeripeooar@ra:@ma*use@moamainmgmfvaeﬂ stream

such that a sufficie
a centnz [}'uge a one-stage flash, a two-stage flash or any combination thereof for

recovery of diluent from the polymer product and recirculation of the diluent back

in to the polymerization process after any desired purification steps.

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

be run directly on the resulting polymer mixture.

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



anount of pol yner having desired characteristics is produced. The feed
streamin one enbodi nent contains a total nononer concentration greater
than 5 weight % (based on the total weight of the nononers, diluent, and
cat al yst syst &Y 2006/09p%7 er abl y greater than 15 wei ght % wreskesoiihan 30

wei ght % in another enbodinment. In yet3&another enbodi nent, the feed-stream
will contain from5 weight %to 50 wei ght % nononmer concentration based on
the total weight of nonomer, diluent, and catal yst system (the nononer

concentration sheulige®ene dpd thafkrattt (Wil beithltaa b At REE YR beldd R g)ﬁl@iﬁiext ation).

[0110] In one enbodi ment of the invention, hydrogen is added to the (
reactor for nol eB@tEEPRE ght control. As is well known to those skilled in
the art, increased concentrations of hydrogen relative to the concentration
of nmonomer (s) imibdle I eapPbRmefAHSE plobRsdRrReHiGih &N 10 iMeliiBEe Sfmitower
nunber average and weight, "average nol ecul ar weights. [0111] |In _one

enbodi ment of t he™ishFErRIPHHS ?hPTpﬁsaﬁﬁifﬂlgﬁfgé@Sgﬂi@Wﬁﬂloé ﬁPOIWH@WIbonpri ses
contacting ol ef i foBRNONRIResWirbd bnfftl iR Batkl A Aoy § ek B3 1991 onal

solvent and all ow ng the nononers to react for icient tine"to produce

the desired pol y#srs3S0Ppar@ebMBah resbrabbnfram 8dibents0dPode abave SPacé¥s i ncl ude
al i phatic and arggf b%re%?éf&%ﬂ?%gfﬁ'}aéﬂﬁ%%%‘@)gabg%%ﬁar(W%%cﬁ e

i sopent ane, and octane, ‘are p cess ndi tions
ermbodi ment of t haost pesmatitofiom newk pbarde ehout HbapdMBeE). a slurry phase
poltymeri zati on process, preferably as a continuous pol ynerization process.

The slurry pol ynpiggat i N8 cRSsdiment R Bl ShvaRios, Safdb)epteRbtblyat, tLgssures in
the range of fromabout 1 to about 100 atnospheres, ‘preferably in the range

of from1 to 500EEHDsphalPesoleEKr arafeply ehplorat o exnbipatiogefiereal 13 i n t he
range of from 0G, iRabok P e 6F 2R/ Y,ie%lg & 120Gkt ahQiths L2 e

Preferably, the " polymerization tenperature oove roomi tenperature (230),
pref erabl y aboveinyption dasdied gvove papy oSx00sn 0olyperfzatigs 2age epbedigenibl y above

27C, preferabl yn%g%ﬁ,gﬁ?ﬁgfﬁ?ﬁ‘;ﬁéﬁpé Ys 3RAYE ouln a Bﬁﬁ%ﬁ%@' ¥ &Rie 70C

[0113] In one e urry process, the onmers,
prepolymerization temperatures and pressures. The prepolymerization can take

place with any olefin monomer or combination and/or in the presence of any
molecular weight controlling agent such as hydrogen. For examples of
prepolymerization procedures, see U.S. Patent Nos. 4,748,221, 4,789,359,
4,923,833, 4,921,825, 5,'283,278 and 5,705,578 and European publication EP-B-
0279 863 and PCT Publication WO 97/44371 all of which are herein fully

( incorporated by reference.
[0108] The prepolymerization and/or polymerization process can be
( _ carried out in 2 batch or continuous process. By continuous is meant a system that

operates (or is intended to operate) without interruption or cessation. For example
a continuous process to produce a polymer would be one in which the reactants
are continuously introduced into one or more reactors and polymer product is
continually withdrawn. In a preferred embodiment any of the polymerization

process of the invention is a continuous process.

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

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



catalyst(s), and initiator(s) are mscible in the diluent or diluent

m xture, i.e., constitute a single phase, while the polyner precipitates
fromthe diluent with good separation fromthe diluent. In one enbodi nent,
a solvent or PHPGVWENT is added to the reaction procesgcrisiedonait i cul ar
enbodi nent, an al kane having from 3 to3% carbon atons, preferably a
branched al kane, is added. Preferred al kanes i nclude isobutane and

i sohexane. [01141 A preferred polynerization technique of the invention is

referred to as @1@ rizhtidn€of @J: MR esdtARhE Fbd-sHbine RudhSthas s anticahd Y a
slurry process utilizing a upported catal yst wherein the tenperature is

kept bel ow t he t%‘ﬁ’é’?%RHQFY@%FW\’M&@ﬁfedﬁh%a%swma@@@ i Hiedeedstream &n.  Such
techni que is weldnkBBWRnieht cToHt‘imélﬁEotal%ﬂﬂom&%ﬁéeh@ﬁﬁn'g&afe?fhaﬁ BSleics U. S.
Patent No. 3,248, 179 which is fully incorporated Herein by reference.

Qther slurry probassden Fhﬁc‘lﬂ?bléﬁ&hb@é toarpongmerg diluealopnd realgbysiopysiemdh t hose
utilizing a plurgléty Skd | r 04;S e§g lo}.

conbi nati ons theﬁ;}eg yoI\%e %I r%a?lqrslg%g atm/)l' éAtg u?r;&p gc)esseag&lil%rcl ude
conti nuous | oop arbodimient. e yed rekotherosehodigwnt, Ahes%ed -gtehmrwid xeantplneomw sl urry
processes are d o} P whi ch
are herein ful F‘?}& ﬁcﬁ?%ggﬁﬁéﬁgﬁ%gg%gg&g 4_@& ma‘iléfag%grgglfz&stl rred
slurry, |oop sl|mexwmer,ofilueiti ardechtadystl systenp (b momymcreamtsmtrstlcalr ghouldéfeul for
production of bigodal e enbodi nent, the reactor used
|nPt he slurry pr ocegsufﬁ?l%bw §er‘1’\ef{éﬁfll%§%avlﬁgh°§ ipabl e of pr odu0| ng greater than
2000 | bs of polyner per hour (907 kg/hr), nore preferably greater than 5000
| bs/ hr (2268 kg/MAt}0] and Mowte m@ﬁ@meabbi/thegnwtl@r, hytzeger &, 896 kbdehr (4540
kgihr). 1In anot r ess of the
bent i on i o capgsl e TERELE ke bl Ks5ERal Rhan (380 dukf BERETED Do
hour (6804 kg/ hrifcregsedfomreiyhijong obbtderzen redative B, 16 Corlcbriyation of(mmOMS)kg/ hr) to
about 100, 000 | hs/ 0 024717 36
[0116] In one e ot%! re(aé? e ol ?lﬁgrre;t}gaﬁc%nu??gag&% C%gla'e §§tg%?%/ %ﬁ particles
are present as svﬂifgmiamagcmﬂeeslaxwelglhe slurry react or and the slurry dil uent
is a hydrofluorocarbon, one or nore hydrocarbons, or m xtures thereof. In

one _embodi ment ,(gi1¢ CONCENE bt o B hfl At 4 BLES plobest RrBhdfedy 15 equal

to or greater

which comprises contacting olefin monomers with polymerization catalyst in an
optional solvent and allowing the monomers to react for a sufficient time to
produce the desired polymers. Hydrocarbon solvents suitable for the process
include aliphatic and aromatic solvents. Alkanes, such as hexane, pentane,

isopentane, and octane, are preferred.

———

Process Conditions

(. [0112] One embodiment of the invention incorporates the use of a shurry
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 S50°C to about 120°C. Preferably, the
polymerization temperature is above room temperature (23°C), preferably above



than 10 vol une percent. In another enbodi nent, the solid particles are
present in the slurry at a concentration equal to or greater than 25 vol une
percent. In yet another enbodinent, the solid particles are present in the
slurry at a cWREs9%417 on | ess than or equal to 75 vol pegupRsgRh; | n yet
anot her enbodi ment, the solid particle¥ are present in the slurry at
concentrations ranging from1l1l to 70 volune percent; from5 to 70 vol une
percent; from10 to 70 volune percent; from15 to 70 volune percent; from
20 to 70 vol une p&f Gltbrab] faSBl%e2§7t0 Fferttt) Hﬂ@vepﬁf@eﬂ%ferab{y fgomsg@ to 70
vol ume percent; or from40 to 70 rpurre percent. Reactor$ and React or
Systens [0117] @’?éer@i?dYMNﬂ@Curry reactors in series or in parallel may be
used in this invention. Alternatively, one or nore gas phase reactors ny be
operated ei t hefgyppst r eam, Ofnd QYBSIHEAMLP thi h@urﬂngnr&ressmﬂa@ Sbitideys, r eact or s.
Cat al yst corrponent(sg (and any activator e é 1y be delivered as a
sol ution or sl aftplyst(syiand dpitiateiisrae @Piﬁlbcl‘bmt Hlé Jilend to rdilugnt tiglreed-eh n- | i ne
just prior t0 tBeshERCk ehgle PhasePhERE r BRERRUEPEL, e BflucACHIny At e
solution or slurry to t ac or. pree 8 peration Is two solutions
activated in-1|iged ﬂﬁmfatiqiilffmfmﬁlﬁddheﬂ@ wg@gdquep;, MQIV@@GE@-WIIQ ipl e
catalysts into r, 0BE | e these
E&%ﬁtt@{hg rea 6}%3&% 329 pd :ﬁ%glﬁ tgl}thﬁl Fide hﬁlldng ﬁ{éyﬁ!l

reference may enphasize gas hase reattors chni ques cribed are
equal | y appl i caBlte 7tcerbot latemst yrpfseabbf a bravebed plkanei iscdddedi. nyefsued blkagas stirred

tank reactors, t and the like. Polynerizations are
carried out in eiﬁd%%aﬁ@%ﬁgﬁ%@&&i&% operation, in which nononer,
conononers, catal yst/activator, scavenger, and optional nodifiers are added

conti nuous| y t ol@1idki ngl é’&pre%m@olﬁonerizmogé@ch@guer@él@tl@?enbtp;@ﬁs&ﬁ@ﬁ tojn which
the above Comogfﬁgeﬁ-tﬁé?onngﬂg?&nkﬁoﬁ%c % \9@132 Fo%@s%tuﬂﬁzﬁné:ﬁ’””em ed in

series. The cat conp may al so 8t h reactors, with one
conponent bei ngSlm@Ilé@l catalystawiferqis the fampetabire Iah@t(bﬁlhﬁﬁhmmﬁﬁmtaéwbzdlued to

other reactors. ﬁ%@ BROR67sofiilh Ugg%g{)ﬁ{%ﬁﬁ 644 wefl 4 L»Q&Jh?lhe' &, 9h8

enbodi nent, acontl uo |'ow Stirre an pe reac i's séd. The

reactor is gened@bmlgpdfmtfmreustwce hTSarPaEﬁh‘lemla@wm@h mrﬁﬂimmm‘porstath as a

t ur bo- m xer [}g}ﬁ el % a 9 cOQ ket ﬁé rnal

cool i ng tubes h ory rceger ﬂc? rbtﬁ REans So rerm\(/}lsene ?’l gélealtoa

pol ymeri zati on teactnmbmt those utlhzmg a plurahty of stirred reactors in series, parallel, or
combinations thereof. Non-limiting examples of slury processes include
continuous loop or stimed tank processes. Also, other examples of shurry

processes are described in U.S. Patent No. 4,613,484 and 5,986,021, which are

( herein fully incorporated by reference. Such combinations of stirred slurry, loop
shurry, or stirred and loop slurry reactors are useful for production of birnodal
( polymers.
[0115] In one embodiment, the reactor used in the slurry process of the

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



the desired reaction tenperature, inlet neans (such as inlet pipes) for
nmononers, diluents and catal ysts (conbi ned or separately), tenperature
sensing neans, and an effluent overflow or outflow pi pe which w thdraws

pol yrer, di |l uek® 2@ tnr eact ed nononers anong ot her thi pgfysh@epol di ng
drum or quench tank. Preferably, the reéactor is purged of air and noisture.
One skilled in the art will recognize proper assenbly and operation. The
reactors are preferably designed to deliver good m xing of the catalyst and

mononers W thin jager eact @f ,nd QRfbodildAtd YoERRE RAHORS Snd' suppdrRl Neatallg: heat
transfer tubes or coils, and enough fluid flow throughout the reaction

vol ume to avoi d BHG@SIIyRressl & selid Pariclerin the slury Grctorse dhatlyroriilemis t he

diluent. [0119] | R aR8ldiseatBAPOR FERbre HydloBEbdRY 6N b @Res BrefcBECHPEnLAPADI € of
perform ng a contihuous slurry process, "such as disclosed in U'S. 5,417, 930,

her ei n i ncor por agekpdigent, diecnontraiation of spdid grartipley wdks BEmyps aprel tae Blealer | s

enpl oyed in theyLeasi U0 i ar. L & bhe

down- punpi ng var?hets?;(? %?@%ﬁeﬁg%%‘%f ﬁlo&%%ﬁ’tptgg%hﬁ%#%feﬁ% Bergrélrhp

f eed- st ream cat thk phiry at p gbncerttatien eqabitodir| gieater theny25 beluwriczdsite . Inlyat one
enbodi ment, the |nkti [ . e - I X t oget her
in the selected di ?htlﬁ%a%{'%fdgl?%gthe%?fés ér{?%%s ‘ ﬁ%ﬁtlﬁggglﬁég%g%a%h rom 0. 01
second to 10 houless, thamor tduelnioi7s volunjeguereent. | Intyot anatlen tnhoimentr bactlok t hr ough

a catal yst nozzle or injection ratus. In.vet anot.her odi nent ,
cag al yst and t heP a|rt(ri1)cil‘ft'$i"’%1 %rrgéeﬁflg t@%@@‘d’ ?tg%?%gﬁ%%lgésg{aggmg Lsﬁ"((%%‘alr %@I ”3’& % anot her
enmbodi nent, the pandehi; ditoor S ios70blobmagairoantt romHO té & eolume pemant;sirdxet Htoe

injection to the,Jeactor, 2si rahl t he nmononer. i s,No0 contacted with the
catalyst. o tnel LRI hyeetb RBFRad 79 Lol o 2 Sper§PE BERER: I 'hg 't he
reactor. [0121] fromadaienlventpedentportfroaf 40th&0 velweapsrcens. the initiator and
catalyst are allowed to pre-conplex by m xing together in the sel ected

diluent at WO 2019@5(«:9)9 I REGY &QB?/ 021717 38 tenperatures between -40C
and the freezin f the diluent, wth a contact tine

between 0.01 seconds and several hours, and between 0.1 seconds and 5
m nutes, preferal8ly7ll ess Ohaer Boraishy esactopsrie ferieabt in taeallolansy 8. Bed Beconds and

1 minute before ﬂl@lﬁ%ﬁ&p hﬂ%ﬂa&x@& b&AGE Rbre gas phase reactors my be operated

either upstream or downstream of the one or more shury reactors. Catalyst

component(s) (and any activator employed) may be delivered as a solution or

slurry, either separately to the reactor, activated in-line just prior to the reactor, or

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

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



[0122] In yet another enbodi nent of the invention, the initiator and
catalyst are allowed to pre-conplex by m xing together in the sel ected

di luent at tenperatures between -80C and 150C, typically between -40C and
the desired Wweawsioea’t enperature, typically between -4@®CrERYSIROC [ 0123]
The overall residence tinme in the react®r can vary, dependi ng upon, for
exanpl e, catalyst activity and concentrati on, nononer concentration, feed
injection rate, production rate, reaction tenperature, and desired nol ecul ar
wei ght. Resi dencq01i8jre w |Ih ogeaebalithant, kecodpdiuvee floabidndd tanif-igpe secamds and

five hours, and typigally. between.a t 10 and .6Q m nutes. A variable

i nfl uenci ng resiuaédgc ‘PR ilssgeflﬁgnyngﬁ%én‘%'# %“n%gﬂ?lgﬁélﬁatm?élg % ?ﬂcgéf fon rates
and the overal | tilaatitt ovialpeiae(s), b &2drhal Acsling Gickg ahdiordmeinhleookatprasks ment  of
the invention, the,process can be carried out in.a., oop reactor .ar a
stirred tank readty Fcc\]ffiﬁd)marﬁﬁgﬁ%’?%rtge b?aﬁaﬁ%?ly‘??r%ﬁqqnﬁg DI or can be
acconpl i shed by cendeidd @ictio@tetideramead, inld riedfis (suchtae ikt ipiRt fovinbidhieaspal or by
conti nuous wthdrgwal of a portion.of the slerrr?/. Interm ttent w thdrawal
is typically dri VERenEAng caiatypis (ombied of frpaidtel PrelorRsaliie, eRsing meass 38ty mer

product and the dgngiieit lertitl® ofli dutiRR pipk RwiBchD Mithdrekd Pb1yRBI QElle Nhd
pol ynmeri zation slurry js circulated within a | oop reactor by nultiple punps.

Typical ly in sucKuSACteh BB amons etherehings  toyh heldise j & g Avgicht gl 20, 000

gal lons (75.7 ki lpadebrhifiy,Sthe reh@drdi® burbBEoOMEhRI thoitiBR] ARRBGRiIEA TRthE Bt I eact or
can vary, depending upon, for exanple, catalyst activity and concentration,
nonomer concent r A8PSHZe Hrersy asspmyly ard opsratian eThegpastorcare prgferakivedesigeedde i on
tenperature, and gd@st 86k WRLRE Wrake cHRVGNhd FREREERNGENih | rdhbd, geaerally be
bet ween about a few seconds and five hours, and typically between about 10
andl 60 minutes. Arbwencapsrassionmithiariey kgt wostEOUbSCO 9oy apcrougs bk iew1717 39

residence tine i %Br%‘gﬁipﬂﬁf%té&f‘%l%k Y& Hyoil EGHeskith GHivhRP abQbfkiand, t he

overall reactor volu 51 I'n one enbodi nent of "the invention, the
reactor is oper atendration fomdlgaitluent.i ne yi el d greater than 2.6 | bs/hr-gal
(0.316 kg/hr-1). Aternatively, the reactor is operated at a space tine

yield greater thagmig O | bsf hihs@d! edbdRRPt 69/t idvkntion, a reactor capable of
performing a continuous slurry process, such as disclosed in U.S. 5,417,930,

herein incorporated by reference, is used. A reactor pump impeller is employed in

the reactor and can be of the up-pumping variety or the down-pumping variety.

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

entering the reactor.

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

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



alternatively greater than 3.3 I bs/hr-gal (0.395 kg/hr-1). [01271 I n anot her
enbodi nent, polynerization slurry in the reactor has a volune percent
solids greater than 50. Preferably, the volume percent solids in the

pol ymeri zat i oNWGI00#4097T n t he reactor is greater than 60,ramarsesporfier ably the
vol ume percent solids in the polynerizat§on slurry in the reactor is greater
than 70. The volunme percent solids in the reactor is neasured by visually
observing the solids |level of a representative captive sanple of the
reaction m xtur e pefafirdbesstwdh |- MM dink Ohe BEdAR RintSahptrall OF (R @8sM e in a
sight glass. In this measurement nethod, the vol une percent solids is
determ ned by ob¥&RvA sfgtechiimp sty B! serendssandseesal homsprand riveendd ks in t he
sight glass and Ai i e t t ot al
captive sanple o?écg e @giﬁ:@ﬁ%&%ﬁé@g 4 t%ﬂm%te}%[%lltté% rﬁgﬁ?weﬂegedgl onal
area of the sighsecgidsgnd bmumhﬁifmgmleh@onoatptthweacmrrpl e is the sane as the
cross sectional area of the vertical pipe of the pipe-loop reactor. Product

Recovery [01281 Rabyimer ProduCindiitonb@ie bl S04HOE 40Iihiugle bl T eaction

system contains ent rai ned terial that should separated fromthe
pol ymer. | ncl udeeprtalysh a{erﬁllgwabtomwor@m@fohmmxmgéommeab e geleptndohiaend abnd

undesi rabl e hydr GALARR el GHELS e NEHERAISLARM DERCERAR: sy | NC! uded

are any dil uent solvent nmaterials that are not reactive to form
desi r abl e pol ynereactiondemeperntuze, aidally bgtweepr-4BCend208Cwi t h regard to renoval
and/ or recovery. [01291 A substantial portion (i.e., a majority) of the

Dot i ofuer a3y ePnt St aamdng (i A LIIRE -HLAN GlocRlin2GRAL 10

pr oduct effluent reactor to a polyner cove ystem The
poLyrrer recover yfoswsmmltgtﬂw 2@06#00@96’@6#@@@32@@5&@2«1@@%@@ foper at ed by

cohtrolling a vaj, e‘%{.é(n e, P OMBEG&S' Pe%ét%‘x?l' {lﬁlg% rﬁh“&e@neqoéﬁ?e?@%b 11N one

vapor-1liquid sepa ion Sy or vesse
enbodi nent, the wagl;mEResudechmew&l)gsmemmmecb@mm altoasa fdvesecursie anf fien i nert

gas to purge or ﬁcfrgas g}g gpjggg,mg%b%e elrbhr%laté?)ed g@%g%;al I1; rmutegc?n pol yrer
| [

product. The iner Bn Fr y non- & eact i ve
with the pol yrrerrepldmdu(mne iaurict mambntme anrkélﬂ]ennfesdlﬁxf]wcmemiescamﬂnhe byerds a

driving force at e the non-pol yner conponents fromthe pol yner
product. Exanpl esaci? volune

[0124] According to another embodiment of the invention, the process can
be carried out in a loop reactor or a stirred tank reactor. Withdrawal of polymer
product from the reactor can be accomplished by concentrating the solids for
intermittent withdrawal or by continuous withdrawal of a portion of the shury.
Intermittent withdrawal is typically driven by a difference between the density of
the polymer product and the density of the diluent. In a particular embodiment,
( polymerization slurry is circulated within a loop reactor by multiple pumps.
Typically in such an embodiment, the reactor volume is greater than 20,000
gallons (75.7 kiloliters).

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

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



useful inert gases include air and nitrogen. [01311 In a particular

enbodi nent, pol yner associated with entrained materials such as unreacted
nmononer, hydrocarbon by-product and diluent such as hydrofluorocarbon is
recovered froM®2opgdogaTeri zation reaction process and  SegtrisQuedoRPhYMer
recovery system Preferably, the polynes? recovery system includes a purge
system or vessel, nore preferably a purge bin, and the polyner and
associated entrained materials are sent to the purge system The inert gas
composi tion i s tAGRLORHL L MOmblitnd Y IEIBYCLEMAQUAEAR B olf bYEuOUl (he
entrained materials, thereby Form ng a purge st eam ich 1s recovered
fromthe purge sygtreniunit01321 Entrai ned, non-pol yner product nmaterial that
is separated and recovered as a purge streamfromthe polymer product is
preferably furth separ at ] . n@qﬂ Chli I rality of
streans and each@%ﬂcti onﬁlo‘(rﬁg ésnlfrb?og]g%hgs orgg',&'eét{é’gy@ g%%tc?? Isv(gpr?ﬁié% om t he
system as appr opspacet éme lyfeld gregerether 2&@dbs/hrkgat (@8 loukgtir-landlemetealit d nonomer

be separated and turned.to.the reactor. These.stfea par at ed
and recovered asreir“"’ﬁ0 iq%/?p(fga ?d Aqp F'peag?rs“n%?“efaﬁlg ogter g‘&%?’&@s@“@r@gﬁ? E?PIS Lﬁ’n i nert
gas i s used in tdlematehygeatersymt3canbs/iutgal @.395 f/Br-Iled that the inert gas al so
be separated, preferably as an individual stream and recovered for reuse

in the polyner r ery sys I : i i t.he
pol ymer | zat i on Srim ¥ oF ik ilellnck phi¥iekBR} 138, BOG BRoPhas ", o
polyneri zati on reduoper¢est sdiinghaer than 50. f Prefstably, dshvolumevzpient sobds mom about

200 (o about 1008 g6 et 0,200 005 L PRI VESRO A  11 od u

to produce concen uen vapori ze I ashing can
be ,acconpl i shed Wjunewrentsglifsie s polgmerizabiyn sheat in tig. redetoe iscarabdr Yhan The vapor

obt(ai ned in the ,{}i{ervs fl aesp { sﬁﬁgndt%nsedt, nor e Lgr(ﬂ}er abl%r%hee vapor IS
condensed wi t hotR® OB, BEETL019S By PRTREOL P JPErirt Oy veualy fhraeee iy heat
exchange. Pref edolidd igvel bhe rdpras&itatii-é agpkivé sinppeifatedadibn hiiante atiodt wak40 psi a
(965 kPa) to abouyt 5 i 172 kPa). [0134]. 1n anpt her enbodi nment,
pol yner solids aaﬂlgwﬁ‘?iocﬁ%?eg%d”(“ﬁ%lﬁ?d’rqsguf%gn afsfgggﬁgfso ﬁ’ E‘éscré‘ﬁﬁmﬂnﬁ h through
a seal chanber. néikod @rl volidiearenidotifie abledmih& Bf observing the height of the

settled polymer particles in the sight glass and dividing this observed height by the

height of the total captive sample of the reaction mixture, and wherein the cross

sectiona] area of the sight glass containing the captive sample is the same as the

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

( Product Recovery

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

problematic with regard to removal and/or recovery.

[0129)] A substantial portion (i.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



sufficient dinmension such as to maintain a volune of polyner solids/slurry
in the seal chanber sufficient to maintain a pressure seal. [0135] In

anot her enbodi nent, concentrated pol ynmer effluent and vaporized liquid are
continuously puedwed7 In a preferred aspect, the concgildsaiSehipe! ynmer
effluent slurry is flashed in a second #d ash to vaporize |liquid. [0136] In
one enbodi nent of the invention, the polynerization effluent fromthe

pol ynmeri zation reactor is heated and then sent to a flash operation..
Preferably, the j i £l | 3 r bel ow t he
fusion tenperat 81%@%%@;% @Egl%%%&ﬁﬁgpdg]%%%%?tyglga%@ﬁ%gée‘?égﬁg, |S§ to the

pol ynmeri zati on wdpbi-lignd sepaatppmeisseratobnd pairgelspdesns csgeradls.t o that quantity of
heat whi ch equals the heat of vaporization of the liquid mediumwhich is to
be flashed. t [Op33g The Bparbérs&rbo&me_td&mgag}maere B3 hEH iR¥rRRYes P OPr i ate
physical neans as well. One non-limting éxanple i's'to separate the pol ymer
solids from thevsiof geinertiges ingpuasecersemb pulgmdespple antraned petepigbforPiliduct s
Gener al Pol yner 0 nal : >ess of the
Cnvent i on can be Loag PHkC LR o5 R MHRRoR L0 a8 oy TonRLGER

appl i cations. Theitpthe paiymer gredduerticah pe usel én guffiniens guanfitytahe diiviug firéeon i ncl ude

| i near | ow densi}y, § e ers 6/ 00997

PCT! 52008/ 031717 sef%g‘lt%&‘ég%%?er@f"é?r G%?*é%ﬂ%a”% gg?t%%"o%%t"ﬁﬁ%h ZEsxf"mFrlé%?fum density
pol yet hyl enes, | waful thenh gastyinglodeyait dng nwogsn, nul ti nodal or bi nodal hi gh

nol ecul ar wei ght pol yet hyl enes, pol ypropyl ene and pol ypropyl ene copol yners.
Density 101391 pol yngr : | o, £S5 gl i can be
produced at any @gﬁgl ty rSTELl ?fgﬁ @ﬁ%?ﬂ?ﬁ@ﬁ%&#%ﬁﬁra&{%&ﬁ% ﬂgg%ﬁrﬁ&gne

enhodi ment, t hemeteransuok ap nydasteddnaotegt, dpdodadoe dypoddpnteand dilaeit seeha densi ty

in'‘the range of _f ;apgﬂ? C. t ce - [ Lons, a
density in the r%nﬂ e o 0r§ gaglén'?l(Bl 18%%?93?%3‘8 {"oa B?lggénzgﬁégﬁre?@%%rpgg%%sr% while in
ot her applicati osmst tosupblymsr pepery fistem  Bratbrdblyo whenpdlgnergrecaveyesystemy i n t he

range of from 0. ilglégdeg/a%%rgte%ys(eérg gr5 vc%ée(f’,cmdrg preferably a purge bin, and the polymer

and associated entrained materials are sent to the purge system. The inert gas
composition is then input into the purge system to purge or drive out the entrained
materials, thereby forming a purge stream, which is recovered from the purge

system.

[0132] Entrained, non-polymer product material that is separated and

recovered as a purge stream from the polymer product is preferably further

separated into component fractions or a plurality of streams and each fraction or

stream stored, recycled or vented from the system as appropriate. It is preferred

( that diluent and unreacted monomer be separated and returned to the reactor.
These streams can be separated and recovered as individual streams or as a
combined stream. If in inert gas is used in the recovery system, it is preferred that
the inert gas also be separated, preferably as an individual stream, and recovered \
for reuse in the polymer recovery system and/or in the reaction portion of the

polymerization system.

[0133]) In one embodiment, the effluent from the polymerization reactor is
flashed in a first flash to vaporize from about 50% to about 100% of the liquid



preferred. For |ow density polyners, such as for filmapplications, a
density of 0.910 g/cc to 0.940 g/cc is preferred, Density is neasured in
accordance with ASTM nmet hod 1505. Mol ecul ar Wi ght and Ml ecul ar Wi ght

Di stribution MOA20409H2 pol ynmers produced by the processp@fusbi€oiitwent i on
can be produced in a wde variety of nm#l ecul ar wei ghts and nol ecul ar wei ght
di stributions. Ml ecular weights (wei ght average nol ecul ar wei ght (Mwv) and
nunber average nol ecul ar wei ght (M)) are preferably determ ned using a

Waters 150 Sizeg r §ﬁ]@n H‘?ﬁ@d LR dadiiff erential
refractive i ndexﬁﬁet ec 18&]%?3 E&)@i?&a%%pg ow an aP Wht scgt% egfrl ng

(LALLS) det ect orcaarh agconyplisied r’mftredeCf(nVIPS)SE."uréf hlebsdbftaang sP@ferablfne theetaper or

calibrations are, ri : 2

G aessl ey, Macr onD izegddhg}gedﬁ%é?%ﬁéss ?ensﬁﬂr?@éfﬂ%%fﬁ%%%g% D?g%gl and are

i ncor por at ed hermthpub}commfegtoan@m njaBtl prkferabhie ispodrypresssl by debetc edthimget he

D eSS O i 1® o PURILLO0GR0 BE: 4380l B At YA b1 WP Lol AGLS and
Pr&fer P %

end-use appl i cat’ions. ave an M
(nunber - aver age Hislpsia? 2 kirgi ght) vaI ue from 300 to 1,000, 000 or between

from 700 to 300, 000. For |ow weight nolecular weight appl i cations, such as

t hose copol yners ful fuel ..ol JA 9
PCTI US2005/ 0217191543 con%o%?@%ﬂo%%%mgnﬁpag%&gﬁb& e g}g’%%ggﬁg‘g%ogn‘gtenpl at ed,
| ess than or M}hwaseoondm,stothﬁ)uglﬁ @M@hahheroﬂheeeabdﬂmhmwefetahbmoﬂ ymer

prbduced has a gvera cuI r we t of 4 00 .on, hor e,
preferably 60,0\(,}%l mFmréanmpre rr%) ? %ISOB ¥ urlr—ya]%I y 120, 000

nor e, preferaiaﬂwhatﬂ&;&ﬁﬂc1aﬁtmmmlnﬁqnessd:t£aﬁlE cast grade filnms a wei ght
avgrage nol ecul ar wei ght of 40 000 or rmre is preferred while a weight

ver age nol ecul ?ﬂl%ﬁi ght ?é}ofgm%e | n’ven eﬂfa‘?éde%ﬁ/gwff% Hlown film

grades. [0143] enbo |nen I"on yImers produced have
a nol ecul ar weightrizd shiquicdurd eant{pAB) sepakdtadh | B depreﬁmdd a@p@ctr&nﬂ o of

M ) of or capenetRg pode Pl S8 e S IE RSB Tk BN Lol yrer

has a liquid.

[0136] In one embodiment of the invention, the polymerization effluent
from the polymerization reactor is heated and then sent to a flash operation..
Preferably, the polymerization effluent is heated to a temperature below the fusion
temperature of the polymer. The quantity of heat supplied to the polymerization
( effluent is preferably at least equal to that quantity of heat which equals the heat

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

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

the diluent using a centrifuge apparatus.

Polymer Producis

General Polymer Products

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

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



M/M of fromabout 3 to 60, while in other enbodi nents the pol yner produced
has a M,,/M of fromabout 3.5 to 40. [01441 In another enbodi nent, the

pol yol efin produced has at |east two species of nolecular weights.
Preferably, b&¥h208§58847¢s are present at greater than 20powaisgékofgi7based
upon deconvol ution of GPC nol ecul ar wei ¢t distribution curve, Melt |ndex

[ 01451 The pol yners produced by the process of the invention can be ~.
produced according to a desired or predeterm ned nelt index, depending upon

desired end use. lhﬁo&&§ST%)§é%%§gmeyéﬂ%n9@ME@&§ havg aolsr@chﬁede@d% (ivli) or

(12), as neasured in the range fromoO dg/mn to 1000

dg/mn, nore préﬁnélﬂabpq}yﬁrt@éﬂ@?sab@wﬂtl@dell g/ b ohwbom@‘)hi@bﬂ dyeighh, even
nor e pref er abl Yp /mn, and nost
preferably from ‘g%&gﬁ&ﬁ&?‘%ﬂ%ﬁ%@ﬁgg%@ féﬁglnggv\o 2006/ 009977

PCT/ US2005/ 021717 44 [0146] In another enbodi ment of the invention, the
pol ymers have a BESSitY jndex ratio (121/12) (121 is neasured by
ASTM D-1238-F) of from10 to less than 25, nore preferably fromabout 15 to

less than 25. [Of434; The ﬂ’ﬁ’é%{)ﬁ@hﬁrsoiarddﬂ&dl B¢6RAtnsOR ithls Sntn@berdag doeembodi ment
have a nelt index ratio of frompreferably greater than 25, npre preferably

greater than 30Pro@isedhatapy densitusuitablp fay theragarornats engrusaoln aeiepbodipent nor e

preferably great ﬁéretcﬁ![@'ﬂe pl%euca@ dinhRad bdgécﬁﬁcﬁ%ﬁéi‘i Mavq{ge@a&@mt ﬁatﬂe BRge b1 anot her
enmbodi ment thedg >érrer of he invention has a narrow nol ecul ar. wei ght
Fn

di'stribution an B6g(er @&ﬁ?c%‘i"t iFghsoms; applicatiopsi aodengity ithecaygsrof fom Exarrpl es
i ncl ude those poj, S’S;%'Eétoqﬁéiz@rg!/c@‘?éj brefrrbll While B%Eh%m phpatloés Zl%ﬁ’aég% 15 These

descri ption of whi I's incorporated herein by reference 5

po} yner product sandrbdovampddivg, ar destier inzbe raage REUPNY.F0 Yentn 03¢ g/gpm of

residual fluori e 0, fluorine
present, prefer g‘%?fsﬁ%gfﬁ%é%@fgﬁ %3&%8% %l\pé)\?r?]?pf }%Fﬁlgg?l?cg?}%g 8&%]%%0I yners
produced by the GPcEestoot I40hgcd mvpaeittadn l&wdlt)bisen@sured heacemfdma‘fpemﬂnsef ul in
produci ng any vag &Ry, 8f,q354d cl es. For exanple, the polyners

Molecular Weight and Molecular Weight Distribution

[0140] The polymers produced by the process of the invention can be

produced in a wide variety of molecular weights and molecular weight

distributions. Molecular weights (weight average molecular weight (Mw) and

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

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



are useful in such funning operations as film sheet, and fiber extrusion
and co- extrusion as well as blow nolding, injection nolding and rotary

nmol ding. Films include blown or cast filnms formed by coextrusion or by

| am nati on us&¥Qtoo@wIs7shrink film cling film stretch fapdras:@eadibipg fil ns,
oriented filnms, snack packaging, heavy4duty bags, grocery sacks, baked and
frozen food packagi ng, nedical packaging, industrial liners, nenbranes,
etc. in food-contact and non-food contact applications. Fibers include nelt
Spi nni ng, sol uti gpSokBNi BYNANGE 305 206N bAtDRSaeLRENAL 1A% ey USe 1 1
woven or non-woven I?’orlmfo ﬁke |Iter’g®mfgicapge}§ﬁ?t%g%?cs% rreélie@%} garnents,
geotextiles, etcl0.@80ruded articles include nedical tubing, wire and cable
coatings, pipe, geonenbranes, and pond liners. Ml ded articles include
single and mul tidhagfered GORRT LIRS thdlpdifter RS ALQS nRO $Ligs avb@RKks, |arge
hol | ow articles! ??4 idfoo conta% ners 621% to s, etc. WO ZlglgGa/VOO 977

PCT/ 1JS2005/ 021 7mplecds weight (Mvie ofrifs90[00 1567 prefeanblyed0s000 od sere; Meferabls neasur ed
in accordance W { i g X tio (MR
was det er m ned fr@r’@?ﬁ%ﬁﬁ’ %(?)ei%é%b?}?%oé&le/l&rrr%og%é%%%?gsgﬁdo((ﬁ@&% Fé‘i 6 kg) to
that at (190 C, DRLID®E kay) gradeVitlas wrvenight becrage nelstlar weightaff #e,00Gbranere & 1/ 2

m nutes. Density ( . i i [GC i.s.determ i.nh acc e wth
ASTM 1505 and A% %%95%‘5‘5"‘6 Q%#%%gﬁ?ﬁ%ﬂ%cuﬁ FEE ol 52%2‘?3%1?%%‘?5 P?&Ef%?%ﬁue is
made and condi tfoobleen fim gades. hour at 100 C to approach equilibrium
crystallinity, measurenent for density is then made in a density gradi ent

colum. [0152] d M e 4 . R |
Chr onot ogr aphy) 1t ods: % R}gt %ﬁf(%"tp%/m%ﬂmf%n%oﬁha?gﬁé%{] h%Iegrarreat ion
Chr{orrat ogr aphy #foleG®r Weighs disttitvdidn ([SBED)R Whitheis slefiffiCasAb CAEPE geightper neat i on
chromat ogr aph equj i a rs_diff ntial. refract t hat
measures the d?@?‘%?%ﬁ%%&%@f V\“/éeg%ttﬁﬂemrgr?ﬁ g%%?%?el%fﬂﬁc e§<r %Flg?th sol vent and
that of the sol vipiM,),obpteatenthag?.§ leabbutFOt inosoat estbadiinymie the pbhyencs mtaem was
used At 145 & it it dobb oYU RERAE W Sk HE oL oo that T
has a M/M, of from about 3.5 to 40.

[0144) In another embodiment, the polyolefin produced has at least two
species of molecular weights. Preferably, both species are present at greater than

20 weight %, based upon deconvolution of GPC molecular weight distribution

curve,
(- Melt Index

[0145] The polymers produced by the process of the invention can be
(\ produced according to a desired or predetermined melt index, depending upon

desired end use. In one embodiment, the polymers have a melt index (MI) or (I),
as measured by ASTM-D-1238-E, in the range from 0.01 dg/min to 1000 dg/min,
more preferably from about 0.01 dg/min to about 100 dg/min, even more
preferably from about 0.01 dg/min to about 50 dg/min, and most preferably from
about 0.1 dg/min fo about 10 dg/min.



Santonox. The flow rate used was 1 nL/m n. Three Shodex (Showa Denko
Anerica, Inc) m xed bed colums AT80M S were used. The data is acquired and
anal yzed using Waters Corporation M|l eniumversion 2.15.01 (or equivalent)
sof tware. [ 01530 200g1093Y hyl ene (PE) nol ecul ar wei ght val uagap@seabeul at ed
based on a 3 Region "broad calibration% approach: 1) The | ow nol ecul ar

wei ght region (250-850 g/nole) is calibrated by a series. of n-al kanes. 2)
The columm calibration in the m ddle nol ecular weight region (5, 000-350,000

Tequi val ent” poaliadl ccui o wdiet Ak 3h 8P 55505y BraliBhbRsBR Y “is
have been assi gnéntex;annglzm&blds?ﬁgaasarcﬂbme%ﬂfFI\PE 128&hpaf forfi 1O e teckethMat i onal
Institute of Stapdards adT IST ccarding to the procedure

di scussed in Ngfln(l)oﬁ% e ra}ﬂé’ %{andé%scfg Journal of Research, Section A.
Physics and Chem stry, Vol. 76A, No. 2, March-April 1972, pg 140", which is
i ncor porate heréﬂltﬂ]by r efTee polgmers 3Y tHRohyeptiyr mreeprefearad] anbstiraend hereerd t 0

cal bt Lo Wi R0 00 TGl B35 G EbET 200,

fol |l owi ng I\/ark uvmn coe
X 10 -4 0.70 [ 015G]evén madeippeferbhl preater vhat 40, @@Nbveu&mré @iefandbily prestad thae) 1S

generated by recording . the retentio eak i.n t si gnal
for each standar anddl*ﬂgﬂ ﬁ?ﬁrﬂﬁég‘ieﬁfﬁs i“hgge;]g'ﬁ‘n%ﬁfl &ﬁg H%MOHMDR% forma
single calibrati 08 idiition had a ndrRg( dblkcus wregheaimmmoﬂalhdm&oadﬁco&ﬂpomdoxpr der fit

ig used to fit the data, and an trapol ati.o p0| i s det m to extend
the calibration @ﬁ‘?‘g‘éuon@dlcl?/é'leﬁﬁdeﬁ(’%mp £8 @iu feB?t V’Bﬁséﬁ% dphy - DRI

Only (01561 Thi spa®it Nads,7meR7 ahdMdseiptiod 50Mich IGBGoIg@Jateaﬁéremylra&ence
chr omat ogr aph equi pped with a Waters differential refractoneter that

mehsures the di ence n the refrac i ndex, of, the vent and
that of the sol v@&?é’] cont EF?‘?FH y‘PFFeDI? ﬁtéﬁec#f a%ﬁz%rhaw?ﬁéﬁ gfogm was
used at 145 C wi jgin bf Zesiduall AdHike Ofredaein pesieatly GBveas 10 ra@dmnmol)%pﬁhaﬁe t hat

was stabilized wth -250 m_of
V\%luorme presenE E)Jreferably between 10 and 1000 ppm.

Applications

[0149] 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-
extrusion as well as blow molding, injection molding and rotary molding. Films
( include blown or cast films formed by coextrusion or by lamination useful as
shrink film, cling film, stretch film, sealing films, oriented films, snack packaging,
heavy duty bags, grocery sacks, baked and frozen food packaging, medical
packaging, industrial liners, membranes, etc. in food-contact and non-food contact
applications. Fibers include melt spinning, solution spinning and melt blown fiber
operations for use in woven or non-woven form to make filters, diaper fabrics,
medical garments, geotextiles, etc. Extruded articles include medical tubing, wire
and cable coatings, pipe, geomembranes, and pond liners. Molded articles include
single and multi-layered constructions in the form of bottles, tanks, large hollow

articles, rigid food containers and toys, etc.



butyl ated hydroxy toluene (BHT). The flow rate used was 0.5 nL/mn. Three
(Pol ynmer Laboratories) PLgel M xed-B colums were used. This technique is
di scussed in "Macronol ecul es, Vol. 34, No. 19, pp. 6812-6820" which is

i ncor por at ed Wermbanodyy7 ref erence. 10157] The separ ati on whitssiesfgysof the
columm set was calibrated using a seri& of narrow MAD pol ystyrene
standards, which reflects the expected MV range for sanples and the
exclusion limts of the colum set. At least 10 individual polystyrene
st andards, rangi pg. P --580 to 10,000, 000, were used WO 2006/ 009977
PCTI US2005/ 02171g—47$‘9{‘r80—gener ate the calibration curve. The polystyrene
standards are Obf(l@so_}ed from mERkneE MbabRALAkLLR e(c&l?ii‘&&ﬂv@%@l‘l\@b an

equi val ent source. 1o assure Internal = consi stency, lowrate is
corrected for eamfiébﬂ(}f@n&m@kg)uﬁemltgld@eraéloékﬁﬂiﬁdmdp‘@amnpb%omﬂmmatfmr t he

flow rate marker a to be the V. t .pe £ term ning
the retention vo?ffj%mpegsgﬁeﬂle%la&gf@r e(ll:‘ieﬁsé g%)dg’ 81% g‘hégp zﬁ'g 1%5 peak
posi tion thus asBegaRthenVasctlsseedigReaton: &R makitest he fl ow rate when anal yzi ng
sanples; therefore, it is an essential part of the calibration procedure. A
calibration curye (logM vs. retention volunme) is generated by recording
the retention { § at the peak in the DRI signal for each PS standard,
and fitting this data set to a 2 nd -order polynoni al. Polystyrene

st andards were gi0aflhied usPegit¥isgoat iedeteifedso itonaiance vStnp$BY 10@F andanal yzed

usi ng WaveMetric l,n ec.3.0 so tware using updated
cal i bration conslfi‘q"z’anl\{lsB ][98%0 pre%?epla ug %ﬁ a?at ure 3355 |1 I{mﬁie %esent
application for cobiifibietefor i ake Huari 1g° Galtoratplﬁﬁiaﬂy eqidBzjun sr@alnitybed as
follows. Peak neltin peak.crystal lization tenperature (Tc),

heht of fusion a‘ﬁEFSIEg’?Eng‘FI%F ?th%é?%e %ﬁ“ﬁfyr%ﬁg ‘ﬁ‘ﬁml he fol | owi ng
procedure according to ASTME 794-85. Differential scanning calorinetric
(DSC) data was ofo1s#]ned usliwignd MA\ wérbShéasirehtty madedP(2926 Paakitve. Sanpl es
wei ghi ng appr oxi were seal ed in alum num sanpl e pans. The DSC

t el
data was recorde %?F%htyg)mg‘gﬁrng the sanple to -50C and then gradual |y
heating it to 200C at a rate of 10 C mnute, called first nelt. The sanple

was kept at abouEPQMethddi'tA'S- High Teaperanaie diek PéarnsatanChoamitegrapiyeat i ng cycl e
was applied. During the second cycle, the
[0153] This method uses a Waters 150C ALC/GPC gel permeation

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

software.

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



sanpl e was cooled from200C to -50C at a rate of 10C/ m nute, called second
cool, and then kept at -50C for 5 mnutes and heated to 200C at a rate of
10C/ m nute, called second nelt. Al the thernal events in both the first and
second cycl e wer®ogmwear ded. The nelting tenperature (Tnmpdvagdobepeak
tenperature of the nelting curve and the& crystallization tenperature (T) was
the peak tenperature of the cooling peak. Tin, Tc and heat of fusion were
obtained fromthe thernal events in the second nelt and second cool unless

oLherwi se nol echa:20904 10994, REY/ US2003402 ¥ doncs £OATH) nat ol [ i 1y:

Wei ght percent degree of crystallinity is calculated fromthe nmeasured
density of the sipie offtmdasdnmd denme (NES) afcoringde Helprasedianiscusssdphous

pol yet hyl ene acc i i OR; . - 1/ pa),
as described in ?ﬂég}ogl—%n%%g%{g%?gpo Jffg‘?”ﬁ?f‘f‘gﬁ?’é)&eﬁ%ﬁ‘fﬂ. gﬁ%gg% }gl\}/g%%/e Dekker,
Inc. In this cal Ctrebstiyeryol.g76As Nohd, Meubiimall 188k d486 diidhyis igporposate he uni t
cell crystallin i nd i e.a nsi.d | ue of pc
is taken to be %r%ﬁ%?gr}%%ge V\}?beeﬂm?sﬁéeng\fé 5%533%93‘3‘*‘1?@ C%g%n%nfﬂ;l;%%ept ed as
0.853 g/ cnB. Exabifliss usingpérei Yrmivembl ealibotiynie nicthat | i sthé Talidvesg Matk- [ 0160]
The foll ow ng experi.nental .exanpl es denonstrate that the slurry phase

pol yneri zati on oﬁglé %foéeﬁ%lﬁét h supported Ziegler-Natta catal ysts is

enabl ed with diluents consisti ngrof i evet-s; of heteroatom (i.e. not
pertaining to C or H) incor porat'E;S“r. o tﬁ}t 5 can possess a range of
boi |ing points depending on thej>-cop ¥ Q"Je,:. 3 ei nol ecul ar wei ght. [0161]
For the exanpl es below, the heter%%.t oﬁzx:@t% e-ofl the diluent is defined
as: # atonms per nolecule excluding Cand H/ total # of atonms. { [0162]
Thys, for a convemssjonal hydngein@apvedidgvis. rdtdition Vallde) ik geRfiteall byt 0 zer o.
WD' 2006/ 009977 PCT/ UJS2005/ 021717 49 Table 1 bhel ow | i st? exanpl es of
conventi onal andfEFBE Sigt ISiEREBCHME #dhapealidhthe DRI signal for each standard.

The calibrations in each region are combined to form a single calibration curve of

Log(MP) vs retention volume. A third order fit is used to fit the data, and an

i Y10

extrapolation point is determined to extend the calibration curve.

GPC Method "B" - Gel Permeation Chromatography - DRI Only

{0156] This method uses a Waters 150C C GPC gel permeation
chromatograph equipped with a Waters differential refractometer that measures
the difference between the refractive index of the solvent and that of the solvent
(-- containing the fractionated polymer. The system was used at 145 °C with 1,2,4-
Trichlorobenzene (TCB) as the mobile phase that was stabilized with ~250 ppm of
( butylated hydroxy toluene (BHT). The flow rate used was 0.5 mlL/min. Three
(Polymer Laboratories) PLgel Mixed-B columns were used. This technique is
discussed in "Macromolecules, Vol. 34, No. 19, pp. 6812-6820" which is

incorporated herein by reference.

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

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



Di | uent Heteroatom c Nature Boiling Point n-hexane 0.0 69 |sobutane 0.0
-12 Perfluorohexane 0.7 59 Perfluorobutane 0.7 -2 Perfluoroc clobutane
0.7 -5.8 1,1,1,2,3,3,3 heptafluoropropane 0.64 -15.2 (BFC- 227ea)

1,1, 1,3, 3,3 hexatdeuwwsopr opane 0.55 -1 (BFC-236fa) 1, 1, lp&yds:@5/021717

hexaf | uor opropane 0.55 6.5 (1FC-236ea 171, 1, 3,3 hexafl uoropropane 0.45 15
(HFC- 245fa) 2-Fluoropropane 0.09 -2.5 (HFC281) [0163] In the follow ng
slurry phase experinents pressure is reported in atnospheres and pounds per
square inch. The ' - r 0 | : Htdin S

6. 894757 kPa andtﬁgéﬁéﬁigﬁg s&%o%%gg Egeajfmlié%%gﬁe;%%{d%o’gﬁ ﬁ%norrer@?%%ﬂ

Pol yneri zati on gPalymeetébplatariss Wisharsed Ak aviar equivilent Jounce.fToeagsupy intgsaedsi ng i t
t hrough a series - S C yl. i: r 0

(Cakl and, CA) fol’ os\l/?/egwb@kaﬂqggga%c% Co uér?hﬁgéa@&e%%}\ngﬁﬁlﬂdh é‘éé_gg&hrr@% si eves
pur chased from Alpehkipokiti@hforihe dlowCaterparigr (teked teebeSbOpasitive oljeshpealpleskae wi t h

dried 5A nol e si . ! drjch ' ] A

T xture of 16, o0 heryRHe BIRaGHh sAE RS el do PR Bpd S Now ] T\ e
further purifiedpkkpasisomus dssighedorayhlsausdne egreof the fbwms whSO@alyzing Oxycl ear
cylinder from Labgl ear kl and, CA) .fol | owed 500 cc_cpl umm . packed
Wt dried 3A morEReUEERs Reinathid i R el Bt SRy and a
500 cc colum packed (bghdp o iretentioA vablnte) Sik @eagatpdibg heseding oreidntion ch

Chem cal - Company 0. 200C peal ir'thd DRI gl 207 caeh B standard, and fitting this data set
to a 2 nd -order polynomial. Polystyrene standards were graphed using Viscotec
3.0 software. Samples were analyzed using WaveMetrics, Inc. IGOR Pro and

—

Viscotec 3.0 software using updated calibration constants.

[0158) A preferred procedure used in the present application for
Differential Scanning Calorimetry (DSC) is described as follows., Peak melting
point (Tm}), peak crystallization temperature (Tc), heat of fusion and crystallinity
were determined using the following procedure according to ASTM E 794-85.
Differential scanning calorimetric (DSC) data was obtained using a TA
Instruments model 2920 machine. Samples weighing approximately 7-10 mg
were sealed in aluminum sample pans. The DSC data was recorded by first
cooling the sample to -50°C and then gradually heating it to 200°C at a rate of 10
( °C/minute, called first melt. The sample was kept at about 200°C for 5 minutes
before a second cooling-heating cycle was applied. During the second cycle, the

sample was cooled from 200°C to -50°C at a rate of 10°C/minute, called second

o,

cool, and then kept at -50°C for 5 minutes and heated to 200°C at a rate of
10°C/minute, called second melt. All the thermal events in both the first and
second cycle were recorded. The melting temperature (Ty,) was the peak
temperature of the melting curve and the crystallization temperature (T.) was the
peak temperature of the cooling peak. Tm, Tc and heat of fusion were obtained
from the thermal events in the second melt and second cool unless otherwise

noted.



50 [0166] 98+% 1- hexene was obtained from Al fa-Aesar and further purified
by filtration through basic alumna (Al drich Chem cal Conpany, Brockman
Basic 1) into a vessel containing activated 3A nol ecul ar sieve. Catal ysts
[0167] A suppd¥a wde/@puyl er/ Natta catal yst, prepared accorclivsgockonitds Pat ent
4,302, 566, was obtai ned from ExxonMbi | 4Chem cal Conpany. This catalyst is
prepared in three steps. In the first step, WR Gace & Co. 955 silica
dehydrated at 600C is reacted with AIEt3 at 60C in isopentane, solvent is
removed and the r ting L. i I . ol ution
of  MyCL2 and Ti Q% [ g G atty, | Wt fetbend dbeled 6 2GS R RIcuBied D) 1
product formed ifrem the nfeasused densify, of dleel sample and knpewpdanditionel aryréallimssudit i ng

product is dried._In he .t hird .t roduct int econd step
is reacted with I?fnffﬂ?f %’#&B‘)@Eﬁ %@cﬁxﬁi}(%%%heg%qug%o 'ilé&?dg@%eh?fgﬂz?mtspﬁe sol vent
is renoved and t hep,paodbsaibed & thélHuaibookSy Rebperfifie, published BY BMays! Belfker] 68]
Triethyl alum num (TEAL) was obtained from Akzo Chem cals, _Inc, and used

wi thout further pReriltitigcplgHation puediesmesspred gpmple density, g 5 He k¥ %6%r opr opane
(Bl FC-236fa) was BQ%F], ] . : r ne

WC- 236ea), 2H hegt a 165?%6%%%%“%%2%9?%%%3%@%%@S@rﬁ?gﬂé“g {Jagéahntgl,géwer e

obt ai ned from SynQgegtmt,atidle dteoniue sf p, id commoRbl azerptad ag0.88hg/gnade i sobut ane
was al so used. [01701 Al above diluents were purified by passing through a
series of purif'r@(é%i ﬁp materials in the order of Ml ecular Sieve 3A

(obt ai ned from Chem cal Conpany), Mol ecul ar Sieve 13X (obtai ned
fromAldrich Cherﬁxﬁali%ﬁalz_%géﬁgﬁgﬁwn?%ﬁ@gﬁ_ 3951021717 51 Conpany), and

Sel exsorb CD (ob npany) prior to being used
as a polymerization medium [0171] Polynerization grade hexane was used and
furlther purifiedI®$ passithg f?liowwgﬁn@t%éﬁmesﬁmwﬁmat thpdugy Oxycl ear
cylinder from Labgds@gfolymerization of ethylene with supported Ziegler-Natta catalysts is

enabled with diluents consisting of varying levels of heteroatom (ie. not
pertaining to C or H) incorporation. These diluents can possess a range of boiling

points depending on their composition and molecular weight.
[0161] For the examples below, the heteroatomic nature of the diluent is
defined as:

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

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

ZeT0.



(Cakl and, CA) followed by a 500 cc colum packed with dried 3A nole sieves

purchased from Al

drich Chem ca

Conpany,

dried 5A nol e sieves purchased from Al drich Chenica
Descri pti on aNd Ppe9es7at i on [ 0172] Pol ymeri zati ons wer e mange@s/ed7izn an
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atmospheres and pounds per square inch. The conversion factors to S.I. Units are;
1 psi equals 6.894757 kPa and 1 atm equals 101.325 kPa.

Feed and Co-monomer

[0164]

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

[0165]

dried 5A mole sieves purchased from Aldrich Chemical Company.

A mixture of 19.99 mol% N; and balance H, was obtained from

Aeriform. It was further purified by passing it through a series of columns: 500 cc
Oxyclear cylinder from Labcelear (Oakland, CA) followed by a 500 cc cohunn
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.



are included in Tables 2 and 5. [0176] Supported catalyst was stirred in
tol uene at anbient tenperature and pressure and added to the reactors (at
process tenperature and pressure) via syringe as a slurry to initiate

pol ymeri zat i owo %paaswrs of all reagents, diluents, cat acrRisSoosovd717
co-catal ysts are given in Tables | and @ [0177] In the nature that
solutions are added via syringe, a hexanes solution is also injected via
the sane syringe following their addition to insure that mnimal solution
i's remaining in {@QeEYr i NOR+o TSRS BHIE] FomARRLAKE AlthGhet fRifie@ddi ti ON
of the 1-hexene/ scavenger/co-catal yst solution as well as the catal yst
slurry. Thus, i nbsdrtientecugh hesichlimiantAldickChemicgt Cormpany. BypckmanBeasiat ur e

consists of approxi p hexane as well. [0178]

Et hyl ene was al | é&éﬁdﬁ&eeyn% er %tgrﬁrégt%%%t}ﬁg&g%gﬁg @éorrput er t controlled
sol enoi d val ves) the autoclaves during polynerization to maintain reactor
gauge pressure (&atalgtyhsig (13.8 kPag)). Reactor tenperature was nonitored
and typically nmaintained within +/- 1C. Polynerizations were halted by
addi tion of appr quisnpt el y £QQyRetd ZicglerRakP3alG! Prephred RELIRDA WRS

m xture to the autocl aves for approximately 30 seconds. The pol ynerizations

wer e quenched af PaFniahHi%e: Bpnrbigiget finm Bropdlobinitharical Cempapyenthihad been
added or for a nmexhiRim fbpaded iR s PRl ¥R 4R5,1 WR. GrilB & EO®sh 'sﬁﬁléi quench

time for each run is listed in Table [0179] The reactors were cool ed and
vehted. The pol ydetydmed dt6ODRT éxreactéd ethtAiBtyr &nGo0i mgisspenatd, @sivemriponent s
were renoved in-vacuo. Yields reported  include total weight of polynmer and

resi dual cat al ystemozed and, e rprobing qredprt iy drigd.win Aoosrogodey apaiptions2H05/ 021717

53 ted f . t al yst h f ti

e (ol anry. e i BB Pl aiar o Bl PG it RS ana 6

for all —experi nmgphsd Bl theARDsEH G Ldnk Remb R 30 thIREGRIng Bhodudlis dRAl g are

i ncl uded bel ow. Tables 2-4 s?mw the conditions and résults of]éﬁggnerl zing
i

et hyl ene and opt ihertaird sfers theanmesivel formiad in Hig seapind stey isghapted With Biod y of
di luents. Each diluent enables the polynerization of ethylene in the slurry
phase on the suppdphesyzi aORE indropatanattht yalvent Tatsmeyedsany the product is

dried.

Scavengers / Co-catalysts

[0168] Triethyl aluminum (TEAL) was obtained from Akzo Chemicals,
Inc, and used without further purification.
(
Diluents
[0169] 1,1,1,3,3,3 hexafluoropropane (HFC-236fa) was obtained from

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

Inc. Polymerization grade isobutane was also used.

[0170] All above diluents were purified by passing through a series of
purification materials in the order of Molecular Sieve 3A (obtained from Aldrich
Chemical Company), Molecular Sieve 13X (obtained from Aldrich Chemical



O, ‘ i

illustrate the slurry phase polymerization of ethylene and optionally

conononers on a supported Ziegler-Natta catalyst in diluent m xtures of
n- hexane and HFC- 236fa. Table 2: Anpbunts charged to reactors for varying

di | uents Exanm¢0bddopeht Ant C6= TEAL Catalyst (nL) L qq).J @mg/-zig ane 4.0
300 3 100 B Isobutane 4.8 300 3 100 Gsd,1,1,2,3,3,3 he ARGl 0 ane

C-227ea 5.45 300 10 100 D 1,1,1,3,3,3 hexafluoro ro ane (EFC 236fa) 4.75
300 3 100 E 1,1,1 2,3,3 hexafluoro ro ane (BFC-236ca) 4.53 300 10 100 F

Per f 1 uorobutane 5,05 300 20 100 & Tabl e 3: Reaction nditions for, exanples
A F Example. TompleaPERY pepoirge CBlesuhors AMEE SEmEe STTEnSIPia A B

150/ 1034 20/ 138 & lgapgsja%apﬂr@géa}@gmem5 375/ 2586 20/ 138 D 85 300/ 2068
20/ 138 E 85 260/ 1793 20/ 138 F 85 305/2103 20/ 138 WD 2006/ 009977

PCTI US2005/ 02171 4 Table 4. Results of polynerization for e les A-F
Exanpl e Experi rreiqni] Yi el §OPBEYHEPT z%"(dFd‘r‘?ngo ctsediapd fg‘?ﬂeﬁﬁ’gnﬁ‘%bng% 1 0.145
2370.58 2201.9 Zadind #0Frod 320 seiies o 8dturmns: 300 ccl SRictP oflinde A Babklead 0. 1428
1807.84 2843.6 B 1 .0.137 2459.66 2005.1 2 0.1469 2700. 75 1958.1

(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.

({ Reactor Description and Preparation

[0172] Polymerizations were conducted in an inert atmosphere (N»)

drybox using autoclaves equipped with an external heater for temperature control,

o~

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.

Ethviene/1-hexene Copolymerization:

[0173] 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.
( [0174] Diluents with boiling points below room temperature were

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

in the headspace above the diluent.
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monomet, scavenger/co-catalyst) in the reactor. Reaction pressures for each test

coooow

are included in Tables 2 and 5.

[0176] Supported catalyst was stirred 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 Tables 1 and 3.

[0177] In the nature that solutions are added via syringe, a hexanes
solution is also injected via the same syringe following their addition to insure that
minimal solution 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
shurry. Thus, in each case, the diluent mixture at reaction temperature consists of

approximately 15-20 volume percent hexane as well.

[0178] Ethylene was allowed to enter (through the use of computer
controlled solenoid valves) the autoclaves during polymerization to maintain
reactor gauge pressure (+/- 2 psig (13.8 kPag)). Reactor temperature was
monitored and typically maintained within +/- 1°C. Polymerizations were halted
(., by addition of approximately 400 psig (2758 kPa) Oz/Ar (5 mole% O3) gas
mixture to the autoclaves for approximately 30 seconds. The polymerizations
were quenched after a predetermined cumulative amount of ethylene had been
added or for a maximum of 45 minutes polymerization time. The final quench

time for each run is listed in Table

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

include total weight of polymer and residual catalyst. Catalyst productivity is



55 Table 6: Reaction Conditions for exanples G. Exanpl e Tenperature (C
Total Pressure (psig/kPag) H2 Pressure si kPa G 85 140/965 20/138 H 85
210/ 1448 20/ 138 | 85 210/1448 20/138 J 85 229/1579 20/138 K. 85 237/1634
20/ 138 L 85 Yecrepe37720/ 138 Table 7: Results for exampCeasm@isczi7iExanpl e
Experiment # Yield (g) Polynerization Fdoductivity time s/ g h G1 0.0841
843.99 3574.7 2 0.0777 1025 2719.5 3 0.076 903.11 3018.9 4 0.0744 938. 66

2843.4 5 0.0735 963.27 2737.3 6 0.0724 1080.3 2404.3 H 1 0.0812 774.49
3774.3 2 0.0803rPbkadlas3 2 of p &gﬁi g&ﬁ rédd @f 23talBs riouﬂo@re(d&fbia 820. 93
3398.2 5 0.0788 819. 33 814 900.12 3255.5 | 0. 0869 926. 48
3364.8 2 0.0795(e8H) 06 lzlésendacat@ﬁ% Posietiyay aoy liserbin Fabley —’omﬁiséémsﬁls 14
3466.6 5 0. 07593,%@%%31&3 2048 condifor0. 0808 889.59 3258.4 J 1 0.1052 1630.6
2322.5
[0180] Three sets of tests are included below. Tables 2-4 show the
conditions and results of polymerizing ethylene and optionally comonomers in the
slurry phase in a variety of diluents. Each diluent enables the polymerization of
ethylene in the slurry phase on the supported Ziegler-Natta catalyst. -Tables 5-7
_ illustrate the shury phase polymerization of ethylene and optionally comonomers
( on a supported Ziegler-Natta catalyst in diluent mixtures of n-hexane and HFC-
236fa.
(,- Table 2: Amounts charged to reactors for varying diluents
Example Diluent Amt Co= TEAL Catalyst
mb) | (L) { Hmol) (Og)
A n-Hexane ‘ 4.0 300 3 100
B Isobutane 4.8 300 3 100
C 1,1,1,2,3,3,3 heptafivoropropane (HFC-227ea) 5.45 300 10 100
D 1,1,1,3,3.3 hexafluoropropane (HFC-236fa) 475 300 3 100
E 1,1,1,2,3,3 hexafluoropropane (HFC-236ea) 4.53 300 10 100
F Perfluorobutane 5.05 300 20 100
Table 3: Reaction Conditions for examples A-F
Example Temperature (°C) Total Pressure H2 Pressure
(psig/kPag) (psigkPag)
A 85 150/1034 20/138
( B 85 290/1999 20/138
C 85 375/2586 20/138
D 85 300/2068 20/138
) E 85 260/1793 20/138
{w F 85 305/2103 20/138




2 0.1017 1658.5 2207.5 3 0.0971 1270.3 2751.8 4 0.095 1454 2352.1 5
0.0951 1639.2 2088.5 6 0.0875 1134.3 2777.0 K1 0.0921 1849.3 1786.6 2
0.0892 1944 1646.1 3 0.0896 1397.1 2300.6 4 0.0708 1377.6 1843.7 5 0.0899
1624 1985.9 &'Q0@0®71677.9 1748.9 L 1 0.0797 2700. 8 10EANE200800710697
2700.4 929.2 3 0.0657 2701.1 875.6 4 & 0873 2700.1 1164.0 5 0.0506 2700.5
674.5 6 0.074 2700.5 986.5 WO 2006/ 009977 PCT/ US2005/ 021717 56 [0182] The

results illustrate that productivity for ethylene and optionally conononers
pol ynerization on suppor tEgble: m_fsn@gblgmeﬁmiahzﬁtesamgleemabl ed for a slurry
process in a diluent foxiuerconsi-sthg—of—n-hexane—and—a—secopd-dil uent
wi th heteroatomc chdritawe Fﬂf"f‘g’étf# . fe )%'Vmﬁﬁff‘ﬁ?i‘u FF‘W?%‘WS shown to
be approxi mately constant—uati ﬂppl u,vrd.ﬁgc ¥ t xate i s
di spl aced by HFC 236fa—t061831—rhe—abavestatea wi th m nor
v N LYEP=] = o ‘d‘i&m ,2§?O,A . 8.
quantities of HFC dif tents—ean aj,laLal DA FRon ISS i n
productivity. Experi nentat——Potyner Lquﬁga (Tz} 7‘-@48)' oigqg'gi g Materials
[0184] Catalyst: A's ortedrZiegeriatd g catabygtcePrep g—acqording to
Y il (147 2459766 20031 .
US Patent 4, 302,566, [was obtsi llEfuz from xRN vuurﬁoo\,ﬁcm cat parny . Thi s
catal yst is prepared [fmthreg steps: uotlﬂf@ Mgk eP Wi grace & Co. 955
4 0.1457 2576.01 2036.1 :
C 1 0.054 1207.98 1609.2
{ 2 0.087 1843.19 1699.2
) 3 0.0866 1839.12 1695.1
4 0.0722 1097.17 2369.0
D 1 0.1058 2701.48 1409.9
( 2 0.0858 2700.74 1143.7
3 0.061 2701.3 §12.9
4 0.0691 2387.88 1041.7
E 1 0.0873 2666.02 1178.8
2 0.079 2700.53 1053.1
3 0.0856 1947.35 1582.4
F 1 0.0638 2702.08 850.0
2 0.0562 2700.87 749.0
3 0.068 2701.98 506.0
4 0.0696 2702.17 927.2
[0181] The results illustrate that productivity for ethylene polymerization
on supported Ziegler-Natta catalysts is enabled for a slurry process in a variety of
diluents with heteroatomic character in addition to the conventional diluents of
( hexane and isobutane.
( Table 5: Amounts charged to reactors for diluent mixtures of n-bexane and
HFC-236fa
Example n-hexane Amt | HFC-236fa | Amt C6= TEAL Catalyst
vol% | (mL) vol% (mL) | (L) | (Omol) Qe
G 100 4.2 0 0 700 3 100
H 80 33 20 1.3 700 3 100
I 70 2.8 30 1.9 700 3 100
J 60 2.3 40 2.6 700 3 100
K 40 1.3 60 3.8 700 3 100
L 15 0.1 85 5.8 700 3 100




silica dehydrated at 600C is reacted with AIEt3 at 60C in isopentane,
solvent is renoved and the resulting product is dried. In the second step,
a solution of MC12 and Ti C13. 1/ 3A1C13 dissolved in THE is m xed at 60C
with the prodd@2006¢p%8d in the first step, solvent is rermueesancht he
resulting product is dried. In the thifd step, the product formed in the
second step is reacted with Et2A1C1 and Al (n-hexyl)3 at 60C i n isopentane,
the solvent is renoved and the product is dried. [0185] 1-hexene: The
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508 29t h Avenue, Qakl[@hd Ta. [ 94601, par pop@nber kisigs R - 369, [[0187]
Triethylal um num (TEAL) . The| TEA2 was | olbaiznied as a2i oot i op i n hexane
from Al drich Chem call_Conpany (tBeir par®oidunber 98,1P66- 2)189andl was dil ut ed
' ?h hexane to 0.5M hefare use. [40188]1 Hé%dne: Th&8¥ekandd4ided to dilute the
TEAL was obt ai ned frgm—Adelch ?@m ‘aiggﬁrr ny gcs B gaie mber
ad_ac Y. Al vrad a) L aonbhit T rYaon
29,609-0). It was used as—Fpeetved oes HSebug e —HE £ ut ane was
passed t hrough a serifes—of 3 5.0803 946.1 3055.5
3 0.0827 876.53 3396.5
4 0.0841 890.93 3398.2
5 0.0788 819.33 3462.3
6 0.0814 900.12 3255.5
1 1 0.0869 926.48 3364.8
2 0.0795 954.06 2989.3
3 0.083 884.94 3364.7
4 0.0836 865.14 3466.6
5 0.0759 1028.8 2646.5
6 0.0808 889.59 3258.4
J 1 0.1052 1630.6 23225
( 2 0.1017 1658.5 22075
‘ 3 0.0971 12703 2751.8
4 0.095 1454 2352.1
5 0.0951 1639.2 2088.5
( 6 0.0875 1134.3 2777.0
K 1 0.0921 1849.3 1786.6
2 0.0892 1944 1646.1
3 0.0896 1397.1 2300.6
4 0.0708 1377.6 1843.7
5 0.0899 1624 19859
6 0.0818 1677.9 17489
L 1 0.0797 27008 10623
2 0.0697 2700.4 929.2
3 0.0657 2701.1 875.6
4 0.0873 2700.1 1164.0
5 0.0506 2700.5 674.5
6 0.074 2700.5 986.5




purification colums on the way to the reactor. The colums were

(sequentially): 13X nolecul ar sieves, Selexsorb CD alumna, Selexsorb COS

al um na, and Oxyclear colum. The 13X nole sieves were 8 - 12 nesh and were

obt ai ned fr onWoReW Chemi cal Conpany (their part nuntrenrde8$64+17). The

Sel exsorb CD alumna (7 X 14 nesh, no Part nunber) and Sel exsorb COS (7 X

14 mesh, no part nunber) were manufactured by Al coa Chem cal conpany. The

Oxycl ear colum was obtained fromLab O ear, 508 29th Avenue, Cakland Ca.

94601, part nunbeyi82]RGP- Rirhd QR8s IBIQSJa%Qlthﬁtpmah@my fa'r*@hﬁéﬁé)ﬁh@@?ndﬁ@ﬁy a

pol ynmeri zati on grade and was _passed throu a series of puri catl on

col utms on t he WAYRYIGTER@OBEHEGPD OWH@PO%%.%L% -Nags éatflg%haﬁémwl PR3 : 3A

mol ecul ar si eves gu9ehaxaenhda Gudh ‘rkﬁktﬁﬁmons%@ih%é?ﬁfhgxa%@hld&]oﬂ@dﬂ@eﬂfj Oxycl ear

colum. The 3A nol e sieves were 8-12 WD 20061009977 PCTI US2005/ 021717 58

nmesh and were obWh heigroptewin dpraetels HECHSfac AMorewyamp arpdugtiviie iy showr fo bnber

20, 858-2). The S S by, rﬂfﬁpdﬁ

Sel exsorb COS (7%§m£n§gg&sﬁdgp{§§??pé§xn§gr 4\;\'&%%%3%%%% ﬁsre é&%coa

Cheni cal conpanyHFE86faxycl ear col uim was obtained fromLab Oear, 508 29th

Avenue, Gakland Ca. 94601, part nunmber RGP-R1-1000. [0191] HFC-236fa

(1,1,2,3,3, 3, - heyagyjuor oprppansk dIﬁeshk{EQha@%@nés%ﬁmﬁ&tﬁiaﬁﬂﬁé forampuPont ,

market ed as SUVA 236fa. The HFC- 236fa was passed through purification

col umms cont ai ni APeBAcFITIERIE pelymsrizationwitkubloss ia poductiyiy  Sel exsorb CD

al umi na. The 13X nole sieves were 8 - 12 nesh and were obtained from

Al drich Chem cal E Yal ( PhRiveriPfiohs . 20,864-7). The other packing

materials were t sane as those for the etl yl ene purification (described

ab?ve). [0192] Hﬁfeﬂﬂﬂéﬁﬁw‘(’l 1, 1, 3, 3- pent af | uor opr opane) The HFC- 245fa was

bt.ai ned from Honeywel |, as mar ket ed under their trade nane Enovate 3000.

The HFC 236fa \A@nsqassedch HoR @pﬁdr&uzwglemam.atmm E(f%pafealaéuoﬂﬂng% mol e
b

sieves, 13X nole s eves, Q@# Sel exsor al um na, and Oxyclear. The 13X

nmol e sieves wer® Ié Patept g @nd"aﬁép@“%tﬁéﬂnngﬁ"%ﬁ’ll cehCompamcal

Conpany (their pagib catilyiRerephbodSa 4rdd stepthen OkTRst sRACWIRIGraRt £10oabss Were the
sane as those for the
silica dehydrated at 600°C is reacted with AlEt3 at 60°C in isopentane, solvent is

removed and the resulting product is dried. In the second step, a solution of
MgCly and TiCl3.1/3AICl3 dissolved in THF is mixed at 60°C with the product

formed in the first step, solvent is removed and the resulting product is dried. In
the third step, the product formed in the second step is reacted with EtpAIC] and

( Al(n-hexyl)3 at 60°C in isopentane, the solvent is removed and the product is
dried.
(
‘ [0185] 1-hexene: The 1-hexene comonomer was obtained from Alfa

Aesar, their stock number 31648, and was purified prior to use by passing it
through 2 column of activated aluminum oxide, obtained from Aldrich Chemical
Company (their part Number 19,944-3). Before use, the activated aluminum
oxide was placed in a vacuum oven at 200°C, and vacuum was applied at least

over night.



ethyl ene purification (described above). [0193] Hydrogen: The hydrogen was
Utra Hgh Purity Grade obtained from Matheson Tri-Gas. It was passed

t hrough an OxyC ear Col um before used. Exanples [0194] Experinental runs
wer e conduct e®q240680998b- scal e, 2-liter slurry pol yneri zdatrismoseantor usi ng
t he described diluent in Tables | and 8 The catal yst was used as descri bed
above. The cocatal yst was triethylal um num (TEAL). Ethylene, butene and

1- hexene were used as conononers. All experinents were carried out at a
reaction tenperafp18e] of 83Butéet e MoiteieSFas dHifinell- e MRhesdn THLStANE and

diluent were purifjed prior to reaction passing th rification systens
as described abo#¥ WHBUBBHEIIpEITD P@F?WB‘%B@%%@??WO?W%W@SQW% each

experiment, the pgaetiPvaddEofittdaflo WetBacir! 11R0SNmns vilré QagenbAlyS:hey addi tion
of the Teal solution (0.5 molar in _hexane), 60 to 350 c¢c of 1-hexene or 60

cc of butene-1 afmelesderguevasnSFiessost CRyABgR SelemmeanCoB gluainsgpnd Qrydlisht was

added. The react giuheMRRMAl MR WS W&t §8d2tRksBrkd w@r@%b&i&é&'ﬁ%&em& Was
added to raise the systempressure to 30020&60311 (2068 kPag). Then the

catal yst was t hEhemiral Siqegani(thgirpart 25gber dFhei Sedeasporbl O dwreng 67 | i ti at e
reaction. [01961x0urkag idianfAik) 8 S48 orsxc%segﬁmgﬁw Grt WaSILGFRI Nt ai ned
at 85C by neans of an external eam and cool | wat er troI system and
the pressure wa¥ewwaniugicied at ABoo Cﬁxgmgal(gmnykpa‘gy Q;fyclﬁ@aQ@I@f wah et hyl ene
make- up system E50405% reac nal

etthyl ene was adgl %ﬁ?dz)ﬁlt g'tag)ds%%gn? aut g{;n%??%ge(?a@%d (%ol §46@Eep reac1blgfr) pressure
at 300 psig (206BGPRIafP0) The reaction was nmintained for 45 minutes, at
which time the reactor was vented to term nate the reaction. The reactor

wag then opened. g} the gpgi%mmnﬁaﬂqrgmsolmcfm bat oftaRky & 8 1MDependi ng

on'‘t he experinent, the p onsi sted of granular resin and/o
foul ant materi al solatisa igyhexard from b Cherhicgldompantt @hgirfpes mumbes 26 28&Ebr | and

the foul ant mateyg}j VS 194 06sr eactor walls and slurry
agitator. The gradavi'as rrgt‘g{t?a q%ér}d F@I?Ba(;r{t ﬁ?/\e/ere i ndi vidual Iy wei ghed and
anal yzed for weight percent foul in producti vit density, melt index
(M2 and M 21), %éﬁ& f | ondlexamey Rhw%%aﬂemeé qws%e% was obtained from

Aldrich Chemical Company (their part number 29,609-0). It was used as

received.

[0189] Isobutane: The isobutane was passed through a series of
purification columns on the way to the reactor. The columns were (sequentially):

13X molecular sieves, Selexsorb CD alumina, Selexsorb COS alumina, and

( Oxyclear column. The 13X mole sieves were 8 - 12 mesh and were obtained from
Aldrich Chemical Company (their part number 20,864-7). The Selexsorb CD
( alumina (7 X 14 mesh, no part number) and Selexsorb COS (7 X 14 mesh, no part

number) were manufactured by Alcoa Chemical company. The Oxyclear column
was obtained from Lab Clear, 508 29th Avenue, Oakland Ca. 94601, part number
RGP-R1-1000.

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

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



pol ydi spersity index (PD = weight average nol ecul ar wei ght divided by
nol ecul ar weight). Results are given in Table 8. { WO

nunber aver age
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Selexsofd MOS MV 301Mmdsh,bno part ndnber) 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.

[0191] 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).

[0192] HFC-245fa: (1,1,1,3,3-pentafluoropropane) The HFC-245fa was
obtained from Honeywell, as marketed under their trade name Enovate 3000. The
HFC-236fa was passed through purification columns containing 3A mole sieves,
13X mole sieves, and Selexsorb CD alumina, and Oxyclear. The 13X mole sieves
were 8 - 12 mesh and were obtained from Aldrich Chemical Company (their part
number 20,864-7). The other packing materials were the same as those for the

ethylene purification (described above).

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

Examples

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

systems as described above.

M
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was then ﬂushed in w1th 250 m! of additional diluent to initiate reaction.

[0196] During the reaction, the system temperature was maintained at
85°C by means of an external steam and cooling water control system, and the
( pressure was maintained at 300 psig (2068 kPag) 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 300 psig (2068
kPag).) The reaction was maintained for 45 minutes, 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 (ML, and Mly), melt flow ratio (MFR = MI;)/Ml), and
polydispersity index (PDI = weight average molecular weight divided by number

( average molecular weight). Results are given in Table 8.
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input to the process, the fluorinated hydrocarbon diluents show a higher
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<

incorporation of comonomer and a lower product density. This is most probably
related to the lower ethylene solubility in HFC and thus a higher effective hexene-
1 to ethylene ratio. This is shown graphically in Figure 1.

[0198] The data further show that product can be produced at a lower
density using the fluorinated hydrocarbon diluents without fouling. This is shown
graphically in Figure 2.

Experimental - Polymerizations (Table 9):
[0199] CF+1CH,CF:H was used as a diluent in a 2 L slurry reactor for
ethylene 1-butene (co)polymerization. The catalyst used was Mitsui RZ type

o

catalyst - a titanium-based supported Ziegler-Natta catalyst. Table 9 summarizes
polymerization results from both HFC-245fa and hexane diluents and PE

characterization data.

Pal
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[ 0200] As the data i-na-=Fabl- show—cat-alystacti-wittesabeth—HFC 245f a
and hexane are sim|l hyl epe pol yjrer s<pr Bduced itn H'C-§4‘>fa have | ower
melt indexes than t duced ijn hexan& indilcdtiing!|éess pal yher
extraction in HFC i|l uept. [[0201] [The|polyners p'Od?JCQ‘d In HFC al so
have the nore desir e ahtH-ar— rorphot Ugy’ compatred the—ctunpy
mor phol ogy produced|inehexdane.! Fijgure 4 {ghoWws tlhe ijnpr pvigel rmrphol ogy of
t he pol ymer product lgrg uced using ! aﬂHFé as'!conparned! c‘)'é—"i gur e 3 show ng
t he norphol ogy of ttf | ynrer product proﬂduq:ed ugi ng s@t urat ed
hydr ocar bon di | uent —6R62fHayngrowfu-tydescriet—tHrs Tmvention, it
wi || be appreciated|bye! thase skillled|in tahe art th'atl t helsonvent| on can be
performed within a wedg rande pf |parafetiers|w thi|n|what iz gl'ai red, without
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the invention. Al docunments described herein are incorporated by reference
herein, including any priority docunents and/or testing procedures, tot he
extent that they are not inconsistent with the disclosure herein. [0203]
Al | document s WARWYEY herein are incorporated by ref erremasooheiarn,
including any priority documents and/or%testing procedures, to the extent /
that they are not inconsistent wwth the disclosure herein. | -64- CLAIMS W
Claim 1. A process for producing polyner conprising polynerizing 70% by

wei ght or nore H2M8ll ene Andheclstailpdable § senve calplysioeieviiesin @hﬁ@'i‘\%ﬁt he
presence of a su i egler - ¥ J t to form
a slurry of pol y%ﬁeggﬁi%%%dﬁér%ﬁé%ﬁgﬁﬁ ﬁ%ﬁcg%?nlgg?gggag?ﬁ ‘Ilgggl? 5 vol une
percent of a fl| ueel wdexed thy thoscriedised indiweaneondicdiag lesopdymersikupaionin t he

di l uent, wher ei ngpSal ss is conducted at a tenperature above 70C, the
fl uori nated hyd?%gg?%%ﬁalﬁlgeﬁﬁot a perfluorinated C4 to C Q al kane; and the
polymer: 1) has a nelting tenperature of greater than or equal to 95C  2)

is an et hyl ene hi#&®ol ynelhopolywgrs| predsiced e HEC plsq have &igpoeyrderitablinpri ses 50

to 99.9 nol e% et ; ) i 2. The
process of cl ai n%%ﬂﬁg?oﬁqj% ’em?ﬁ%g?itﬁg@?ﬁ;ﬁ%@%@%ﬁ@&%@%g{g&g&senti ally
of at |east oneFigareBohoves therimmieled mormhalogy ofibe polymed preduat praqucedebingpt | onal |y

au least one yAIGECH Akl nIE RARGS R AopBbREM A AEL G |1 uor T ne

cont ai ni ng hydrocarbon 1s*represénte or erein x is
anl i nt eger from pgrodusedigingasdtuyatedhptdrecaaan dildnéger s of at | east one. 4. The
process of claim1 wherein nolar ratio of the fluorinated hydrocarbon to the

ot ocess of ol ai MUE her of B CHE 8 FUaR e R i ERRE i W3R 0 1o
Cs ‘al kane. -65- tBoseThidepingbeabtheftheinggntipn cantbepeiformetavithinl avede rapengf i ses a
mxture of at | e;?a?zﬁne?é?@wﬁﬁ}l Whgttigglaimed, without departing from the spirit and scope of

the invention. All documents described herein are incorporated by reference

herein, including any priority documents and/or testing procedures, tot he extent

that they are not inconsistent with the disclosure herein.

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

that they are not inconsistent with the disclosure herein.



hydr ocarbon and at | east one fluorinated hydrocarbon wherein the m xture has
a density in the range of fromO0.2 g/cc less than to 0.2 g/cc greater than
the density of the polynmer. 7. The process of claim1 wherein the diluent
conprises a mxture of at |east one saturated hydrocarbon and at | east one
fluorinated hydrocarbon and the fluorinated hydrocarbon conprises greater
than | weight percent of the mxture. &  The process of claim1l wherein the
di luent conprises a mxture of at |east one saturated hydrocarbon and at

| east one fluorinated hydrocarbon and the fluorinated hydrocarbon conprises
greaterCLRIMSL vol une percent of the m xture. 9. The process of claim1l
wherei n et hyl ene conprises 50 weight % or nore of the total weight of

et hyl ene and conmonomner pol ynerized. 10. The process of claim1 wherein the
pol ymergh ﬁ' melting tenperature of 95C. It. The process of claim1l wherein
t he pol yner has a heat of fusion greater than or equal to 70 J/g. 12. The
process of claim1 wherein the polyner has crystal linity deri ved from

ethyl ene ingor oratl on grea er t han or Lf tQ 196 #? e rocess of
oo oo ner & OGRS T et Fo e e SR TV hY St cHTamore

i ncor por at i ofihAbneUrApEbndIRAThe nﬁﬁy@émmm‘i@s/m tﬁélpreéré?l%e Bf 99%%:1@& Zﬁ:%ﬁhm |
wherein the one or nore conononers are selected fromlinear,  branched, or
ring- cont ai niNaitp edtelyitnsysteay andy aufiluent BOfarar behiran ofsolyamd selidsb iwhareiro e

t hereof. 15. ..The process o t carrie

| oop react ordiHe %goqlglsesrﬁt fcagosi‘ééﬂslmefpe ergti?% i Igr%agel%ﬁg %%caﬁbog agg(fimé%carrl ed
out in a stlﬂbfa(tdo}nﬁ;abfﬂeamheﬁt, whereinThe process of claim1, 15, or 16,

further conprising, continuously djscharging a portlon of the slurry from
the reactor as polajdPresals Wadested %Iéﬁ?mp‘?fﬁsmreTh@Vﬁr QC%ss of claim 17 further

conprising flashigg ﬂ%@‘?}“m‘i %ﬁ({a@&d% %fﬂehfﬂﬁﬁﬁmaﬂe@ osatlkanglaﬁ’lﬁh to

vapori ze from about qU| fumto produce
concentrat ed pol ytrepolyfifet:udhhascadelap Gemipzexdurk iof] priedter ﬂ_ﬁn off tipraptod58€s of cl ai m

18 further conprising condenpsing.the yapor obtained jn the fir flash

wi t hout conpression. 20. T ‘S&“%EIB’Z‘?‘%‘PE’@P%’WF&@WPH?# g Sh.~‘?|n

operating the reactor at ac gRa¢Reddodpri¥ésSoto 9958R4IEY: ettméhe(,)al?d 16 kg/ hr-1
3) has a density of 0.910 to 0.97g/cc.

2. The process of claim 1 wherein the flucninated 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,F, wherein x is an integer from 1 to 40, and y and z are integers of at least

one.

4, The process of claim 1 wherein molar ratio of the fluorinated hydrocarbon to the Ziegler-

Natta transition metal component is greater than 100:1.

5. The process of claim 1 wherein the diluent further comprises at least one C; to Cg alkane.



21. The process of claim 18 further conprising discharging fromthe first
flash polynmer solids to a second flash through a seal chanber of sufficient
di mrension such as to maintain a volume of polyner solids/slurry in the seal
chanmber sufficient to maintain a pressure seal. 22. The process of claim 6,
15, or 16, wherein volune percent solids in the polynerization slurry in
the reactor is greater than 50. 23. Thgsprocess of claim 18 wherein the
first flash is operated at from about 965 kPa to about 2172 kPa. 24. The
process of claim 18 wherein the concentrated polyner effluent and vaporized
i qui d 6are Qhaproeususlcjaisepahaikemcthe diuenl bempriee assixale of atileasi Snavkwerrated t he
concentrated_ pol i second flash to

ynmer efflyent slyrry is flashed in a,
vapori ze |i gt .Ocagg‘?‘l E‘E%?‘HWEO%‘? ﬁE‘é’g?teéfhyéTO&Prg‘PESV Bieqnixfige Yagpddensitvm t he
first flash i | ai 5,
wherein the ol e SEERa2 RE oo RURA D Hec ot ErORRSRy BLUELOLA S, by
mul tiple punps and wherein the reactor volune is greater than 75.7

kKiloliters. 8. The proces f claim18 further conprisjing heating th

pol yrrer izat | JHE BFLFUAHcIDol whrgiighe St grmpses st et diifast pe saturated

pol ymeri zati *B?dr@f:zfrbéiﬁ&id hSleBf Ane Alibfinded QPBBEADSH &nd BRI MWrinbRd fyaieftbon
tenperature of the polyner. 30. The process of claim29 wherein the quantity
of heat suppkpmprites sraater ghany heeighbpsromt obthe misire. i s at | east equal to that
guantity of heat which equals the heat of vaporization of the |iquid nmedium
which is to be flashed in the first flash. 31. The process of claim 17

wher ei n8t he mht preesssAlcls jawhers@naé ailesht tompridebe nalilunest atedshose saaesbd | f uge
apparatus. 32. The process of claim1l wherein the polynerization is carried

out at a tenpedrasarpen and pt lsast oms dlueringed hydragasben sbiie thpringted hydrgearben of
claim1 wherejn t Al Y YR ' ' [WToR at a pressure of froml
to 100 at msgﬁlg?‘té%?gu ) [FE%A E?%lg%ggkgfﬁgfg}}e%g%g%merei n the Ziegler-Natta
catal yst systemcontains one or nore alkali earth or alkali metal

gs g{) glrjnn 1er ¢ ﬁi‘}le @?fﬁ:ﬁ%—rgfg giih?fwlgelrgiln rgt}{y’len\éhc%kl%lrigest P(? W%lg%g I%eEn—" I\ml%tré gf ﬁ'l%ttgtlaYSt

weight of ethylene and comonomer polymerized.

o

10. The process of claim 1 wherein the polymer has a melting temperature of 95°C.

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

70 J/g.

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

incorporation of greater than or equal to 10%.

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

incorporation of greater than or equal to 50%.

14. The process of claim 1 wherein the one or more comonomers are selected from linear,
branched, or ring-containing olefins having up to 30 carbon atoms, and combinations

thereof,

15. The process of claim 1 wherein the process is carried out in a loop reactor.



al kyl al unoxane acti vator.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

-66-

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

The process of claim 1, 15, or 16, further comprising continuously discharging a portion

of the slurry from the reactor as polymerization effluent.

The process of claim 17 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.

The process of claim 18 further comprising condensing the vapor obtained in the first

flash without compression.

The process of claim 19 further comprising operating the reactor at a space time yield

greater than 0.316 kg/hr-1.

The process of claim 18 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.

The process of claim 6, 15, or 16, wherein volume percent solids in the polymerization

shurry in the reactor is greater than 50.

The process of claim 18 wherein the first flash is operated at from about 965 kPa to

about 2172 kPa.

The process of claim 18 wherein the concentrated polymer effluent and vaporized liquid

are continuously separated.

The process of claim 18 wherein the concentrated polymer effluent slurry is flashed in a

second flash to vaporize liquid.



26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

-67-

The process of claim 18 wherein the vapor from the first flash is condensed by heat

exchange.

The process of claim 15, wherein the polymerization slurry is circulated within the loop

reactor by multiple pumps and wherein the reactor volume is greater than 75.7 kiloliters.

The process of claim 18 further comprising heating the polymerization effluent.

The process of claim 28 wherein the polymerization effluent is heated to a temperature

below the fusion temperature of the polymer.

The process of claim 29 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.

The process of claim 17 wherein the polymer solids are separated from the diluent with a

centrifuge apparatus.

The process of claim 1 wherein the polymerization is carried out at a temperature of from

above 70°C to about 200°C.

The process of claim 1 wherein the polymerization is carried out at a pressure of from 1

to 100 atmospheres.

The process of claim 1, wherein the Ziegler-Natta catalyst system contains one or more

alkali earth or alkali metal compounds.

The process of claim 1, wherein the Ziegler-Natta catalyst system further comprises an

alkylalumoxane activator.



