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to a polynerization processland a reactor systemfor

maki ng a pol ynmer product. In particular, this

invention relates to a polynerization process using a

hydr of | uor ocar bon, and a reactor S sten1orOV|d|n for
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hydrofluorocarbon Background of the I nvention [0002]

Pol ynmeri zati on general ly involves pol ynerization of

dmeendorsnor eanphobhei® t o make a pol yneric product. The

pol yneri za ign regatlon can be carried out using a

wi de varie%? 8¥Bfs, catalysts, and a wide

variety of xapRdE®iafaeds. Often, liquids, diluents or

solvents are used in these polynerlzatlon reaction

processess for various reasons such as to increase the

itﬁ&c% rﬁ%>of t he polynerization reaction and recovery
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production at comercial scale typically results in
the production of a polyner product having significant
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vent ed or sent tg a flare systemas a waste
@{q%é An example of a polymerization process that incorporates the use of a

dilutent is shown in U.S. Patent No. 3,470,143 (Schrage et al.). Specifically, the
Schrage patent discloses a laboratory scale polymerization reaction that
incorporates the use of an organic fluorinated carbon compound as the dilutent.
[0004] Polymer production at commercial scale typically results in the
production of a polymer product having significant amounts of entrained
hydrocarbon material such as unreacted monomer, as well as various levels of
liquids, solvents, diluents, catalysts and other inerts and/or non-reactive
components (inerts). Separation and recovery of the polymer product from such a
mixture of components typically involves passing the polymer product withdrawn
from the polymerization reactor into purge bins, with nitrogen typically

introduced into the purge bin to remove the undesirable materials from the



[0005] U.S. Patent No. 5,769,927 (CGottschlich et al.)

di scl oses a process for treating material that is to
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operation using a three stgp separation technique. The
techni que includes condensation, flash evaporation and
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et hyl ene, propyl ene and nitrogen. [0006] U S. Patent
pme p2odlict. WéhveBadRlly &the aitropertl i8R aBle material are

pol ypropyl ene manufacturing process that includes
‘@%@ﬁ@rﬁ3 3%aﬂ@§éﬂﬁﬁn@ﬁaﬁ%ﬁ@ﬁgﬁ@n{o separat e propyl ene

pr | St L . separ at ed

66, rORSPRNNG,  AREAHGHIRSH FERTusINEewERREL o

treeting materisl thatdslto DM ofiparged dfoen B pelymet Alanhfptitiked
/meri.zation processes, f ﬁr, exanpl e reduci ng_reactor

ol >
0%8“(51 1phYSIaE @ LBRRHHPR PeRpTalien feshnighn a hes ieghnidie leghder ci al
cBh@ASatRIn A Sh Yy a R STE: d%&ﬂ%ésggﬁﬁﬂ% ﬁﬂeﬁfo@@c@mﬁbﬁ’eﬁ%
process, Increasing polymer production capacity
sugh sscthyleriegpiopyleantnd mregtment where t hese process

j ov S, necess| e efficient recover
(0 e e hatept 56 i 0 BBl sk ola) asdiet FPSDHORISP as
ne@%factueiitd pro RBSthatiNEL8ésAlsthg L8R BhRBnQRerhNEnd @A sefMSte
conmponents used in polynerization processes
PreRyiene diophpropagsoinyarercirsdisiteame ddesegeraind propsienos
‘ ri:ng: sabl terials and | owering
ngnﬁétg{{gﬁéﬂogﬁ%g@g@@ E%lg%? %Iaé%?aagfegﬁ in light of ever
[@00Fhgi rDheet iemeadsefor Ahprovsisolherizitibh ploceRd, fdiugaiplebe
i posed in the chem cal nmanufacturing_ industry.
I Agachr fowang 3 cemmestialsodogphancinghe semmsrcial grade
i ! . ¢
s o A bR o BV P& DO ot e
ppeduptien eapacitynwithent eigoifivent investmért evhereethese provess
.ononers, a caf al yst stem and a hydrof | uorocarbon. A
D B Pl PR BT AP SR b S PYTHAE pr oduct
eBViIFRMBNG Berfe MAS] Welbhd RRIMeBE@iohE CONSERE, HERMIIn the

m xture. At |east a portion of the waste streamis
vaioits companepinuseld an polymerraiosiproassses yuprnemontp ot a

oA FRELNGHERY Bl SRR g B3b0HE tent B

longingtdndssi@ashddded, pattvdiamgin lightf eREQRBSnE BAVikEREental
ol ypmeri zi ng one or nore nononers_in the presence of a
cgqxqmégaitﬁ thetd?%ppgq ’r,qd)e imposed in the chemical manufacturing industry.

Summary of the Invention

[0008] A process for polymerizing one or more monomers is provided. In at
least one specific embodiment, the process includes preparing a mixture
comprising the one or more monomers, a catalyst system and a
hydrofluorocarbon. A hydrofluorocarbon containing stream, a polymer product
stream and a waste stream are recovered from the mixture. At least a portion of
the waste stream is sent to a non-flare decomposition system to produce a
destructed waste stream, and the destructed waste stream is released to

atmosphere.



hydr of | uorocarbon to forma polynmer. A mgjority of the
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purge stream The purge st4eamis separated into a
plurality of streans including a hydrofl uorocarbon
containing streamand a waste stream At |east a
portion of the waste streamis sent to a thermally or
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c@blytisally fidisedidesgmpnsiton sistenenbodi nent of t he

i nvention that uses a first and second separation to
first recover a nitrogen rich streamand then a

Brid Rsavipiivh 6f the Dibvéai [ 0016] Figure 3 is a flow
di agram of one enbodi nent of the inventjon.that
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within the scope of the overall invention as claimed.

[0012] Figure 1a is a generic flow diagram of the polymer recovery system of
this invention.

[0013] Figure 1b is a generic flow diagram of the polymer recovery system of
this invention that includes a flash tank.

[0014] Figure 2a is a flow diagram of one embodiment of the invention that
uses a first and second separation to first recover a hydrocarbon rich stream and
then a nitrogen rich stream.

[0015] Figure 2b is a flow diagram of one embodiment of the invention that
uses a first and second separation to first recover a nitrogen rich stream and then a
hydrocarbon rich stream.

[0016] Figure 3 is a flow diagram of one embodiment of the invention that

includes a condensation system and a barrier separation system.



L Introduction [0017] This invention is directed to a
process for polynerizing one or nore nononer(s) in the
w@e@3menses of a catal yst system and a hydr of | ur BCHURBIING/042847

(HFO) in a reactor. A separation systemis used to
renmove various conpounds fromthe process, sone of

whi ch are recycled and reused. Those not recycled or
eused are, coll ected as.a waste stream and deconposed

Detailed Descripition ol theInvention \,shhere or di sposal . The

[separ at j@RdsMgem i s designed in one enbodi nent to

‘Tecover allT or substantially all of the HFCs so that
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ROBRFELR PRI SRR et o SEEheD a3 B Pier
dtRérindedable! c@ﬁ?'éul@d% susIeskF)ah&ican cafs8 torrbfobr evirdhietital
or conbustion-type systemthat does not contact the

epatpanagione diberaifern, the awper of Femin thewagts strgamyjgminimized as
1?19&1'2&' %gsqblgevi ces and/ or systens include incinerators,
urnaces, catalytic oxidizers, thermal oxidizers,
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thiakiFrags sheisate rierblig uFnAeRIlY B2t podededeigeor
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m ni‘mal fo ng, thus resulting in inproved operation
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combustion-type system that does not contact the waste stream with an open

flame. Illustrative non-flare devices and/or systems include incinerators, furnaces,
catalytic oxidizers, thermal oxidizers, regenerative thermal oxidizers (RTOs),
hydrogenation systems, and hydration systems, just to name a few.

IL Making and Recovering Polymer

[0021] Processes for making polymer and recovering a polymer product with
minimal fouling, thus resulting in improved operation efficiency, with low loss of
heat transfer and extended run periods are provided. Also, the production of
polymers not typically capable of being produced in a given process thereby

expanding the commercial grade slate from a particular process is provided.



expandi ng the conmercial grade slate froma particul ar

process is provided.[0022] In addition to the
w@e@duetspon and recovery of polynmer fromthe pPOLESHN6/042847

the invention provides forghi gher recovery of

hydr ocar bons that are recovered along with the

pol ynmer. Such hydrocarbons include non-pol yneri zed

materials, for exanple liquids, diluents, solvents,
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environmentally contaminating materials will leave the reaction system, and that a
greater amount of materials can be recovered and reused in the polymerization
process.

L Monomers

[0025] The processes described herein may be used in any type of
polymerization process employing one or more monomers. Typical monomers
include unsaturated hydrocarbons 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.



i nclude linear, branched or cyclic olefins; |inear

branched or cyclic al pha olefins; linear, branched or
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ol efins; linear, branched ¢ cyclic polyenes; |inear

branched or cyclic al pha olefins.Particularly
preferred nononers include one or nore of ethylene
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containing monomers include vinylcyclohexane, vinylcyclohexene,

vinylnorbornene, ethylidene norbornene, cyclopentadiene, cyclopentene,
cyclohexene, cyclobutene, vinyladamantane and the like.

[0027] Preferred diolefin monomers useful in this invention include any
hydrocarbon structure, preferably C, to Cso, having at least two unsaturated bonds,
wherein at least two of the unsaturated bonds are readily incorporated into a
polymer by either a stereospecific or a non-stereospecific catalyst(s). It is further

preferred that the diolefin monomers be selected from alpha, omega-diene



[0027] Preferred diol ef mnononers useful in this
i nvention include any hydrocarbon structure,
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positions. [0028] In a pre enbodi ment the
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homopolymer or copolymer. In a particularly preferred embodiment, the process

of the invention relates to the polymerization of propylene and one or more Cy4 to
Cy linear, branched or cyclic monomers, preferably C, to Ci, linear or branched
alpha-olefins. In a preferred embodiment, the comonomer comprises at least one
comonomer having from 2 to 8 carbon atoms, preferably 4 to 8 carbon atoms,

preferably ethylene, butene-1, pentene, hexene-1, heptene-1, octene-1, nonene-1,

decene-1, dodecene-1, 4-methyl-pentene-1, 3-methyl pentene-1, 3,5,5-trimethyl-



of the invention relates to the pol ynerization of

propyl ene and one or nore ¢4 to C O |inear, branched
w@roepelsh€ nononers, preferably C4 to Cl2 | | NERET/U82006/042847

branched al pha-olefins. In & preferred enbodi ment, the

cononomer conprises at |east one conononer having from

2 to 8 carbon atorrB, preferably 4 to 8 carbon atons,

I e. butene-1, pen hexene- 1
ReShen o R nE Y B me M ne, RERIRE Mprotri b cumaa or
Ksgret hyl - pentene-1, 3-nethyl pentene- 1,
3, 2, 5- trlnethylhexene 1, and the like. In sone

i mih prothertemhodiecnt éhemnodwaenpreducsd herklbion copdgmer of

0803k B e RO T LB D R RIS ring

herein 1s a co

amtaining dlefRs bncdfﬁmnatm Iitiei €Jf capadiidofeid ﬂlﬁyrﬁénz@é bB/‘élther

%3 rln contai ning ol efins_or conbinations theredf
dpawr

@n%% SlerorRasHiG Sl sy Repehiead, agmeqdetms@mfega:to
ﬁeﬁmﬁ&@ iR BHBPERGIndfon GIBIAAL 8 syhUREUE Borynfle whized

herein, refers to nmononers t
pcémlmadclsmg SWMpcmﬁﬂzcataiyﬂabyrrer when pol yneri zed

A0, STt ek S5 e

1adst be@aiffekomd c&hﬁﬁ&ﬁ&@ to ﬁ)ﬁ%ﬂ%@fﬁl&OTBQEf@féred omonomers
t er pol The preferred conbndners a co t1on

Be aap g’élﬂﬁ‘l)l“eﬁfﬁlh]%@lﬁﬁn Qflonamﬁrsgwmngel t6d Ocarbion ratam; ms)re

Meﬁby%fogéngﬁ o thohi S RARPRAbO TRy 0P o0 Bontimit e

prﬂﬁei“raaﬂ eerpdipmenrihiliodd the 6embietordSuch as ethylene/butene-1/hexene-
1/ hexene-

Hé’h Qﬁf?bﬁ:l iﬁﬁyﬁgﬁgpﬁup@ﬁg].ege/ethylene/hexene—1 ethylene/propylene/

d ne/ hexene-1, ethyl ene/ propyl ene/
I%g%rrﬁg%g%%etehe like. [0032] In a preferred

(86324 di nhm prefanedrembodiznent, sShpmeaentr is prdste i HeyoBFmettat

SUn SRR 99, gl b, Poroprals Pl 20 RSB0 icscarsbmore preferably
S0Q5O5 @ieLE %)C&ﬁ&m&ﬁ&é?ﬁfe ﬂr&eﬁ g tlgé;ﬁ%ig‘ﬁ Iizf%to Pm%lem}% 16 560

to 50 nole % based upon'the nonomer
mele $obesedpen thy wples gbalympnomers Presohtenige profeeably 2 to 30

&ﬁﬁﬁmg%ﬁe@?%&y?sqp?ﬁé& lf)l/‘b[ 0033] In another

odi nen duced herein conprises:

[00333t olnedniotherBMbOE MR, GRPMlynddr prédtded BerkR c%ggyn’@@ e %
pref er abl ?ﬁOto 100 nol e % nore 1E)referably 0O to 100
mol e rs'afﬁ BUBFIPretent at dromb A et 00 mole Samrefebly 50 to

100 &538 %, ford pRArEb1Y 80 8916PkE16> %, and

a second olefin monomer (a comonomer) present at from 0 to 60 mole %,
preferably 0 to 30 mole %, more preferably 0 to 10 mole %, and optionally

a third olefin monomer present at from 0 to 10 mole%, more preferably
from 0 to 5 mole%, more preferably 0 to 3 mole %.
[0034] In a preferred embodiment the first olefin monomer comprises one or
more of any Cs to Cg linear, branched or cyclic alpha -olefins, including
propylene, 1-butene, (and all isomers thereof), 1-pentene (and all isomers thereof),

1-hexene (and all isomers thereof), 1-heptene (and all isomers thereof), and 1-



preferably O to 30 nole % nore preferably 0 to 10
nmole % and optionally a third ol efin nononer present
wa@eoo7ioersp® to 10 nol e% nore preferably from OPCDUS2006/042847
nol e% nore preferably 0 t® 3 nole % [0034] In a
preferred enbodi nent the first ol efin nononer
conprises one or nore of any C3 to C8 linear, branched
yl en

| | pha - ol efi | udi
ostens sl ISOEIvE: oo SrpEed HRE b BrREe Ling
b?%heﬁ. S 11k gqﬁ%ihg%ggxene (and all isomers

reo 1-heptene (and all isoners thereof), and
UIBGpteﬂﬁa@aﬂﬁnaihnbmhmamshwhwombbmﬁnﬁmebekwsﬂHMMﬁsnn¢s

| ud | 1- b - h ) d
oL Rars 18 Co b Sy nints i B i HER P G cond
fﬂliyﬁﬁé W&ﬁe[-bﬁ%ﬂ?rl' @R8N heXen8DI-Befténe2 Bl CobenéA0

near, branched or cyclic al pha-ol euns, includin
nemdmyl bd@:engrlemdeem, Hdomqeemé 116?(9@@@3 butadiepehewadiene,

1-oc¢tene n
R B BB Pl o RSy e
3'5891&ﬁin@€h9meﬁﬁﬁtﬁ(?ol-1ﬁ ylg@@t@ﬁéiﬂléﬁﬁﬁthyqy’zh&de-e ne,
nonadi ené, decadj ene, dodecadi ene styrene, 3,5, 5-
cycrlcpﬁétadwnﬁewérvéfclp eXgnget hyl pent ene- |

lo .
(i RASRE0 Lo S ARSEIA o ok g o
nmiiélofmry a0 Brar daanched nm;ehoﬁlphwpletﬁﬁs tiocl@dingi near ,
nched o lic .al pha-ol.efins, ..i ncl udi,ng but adi ene,
e G Py i S, PGy BAiee PR, SooRtens
B@J&%&ﬂeﬁé‘%t aﬁ@@lseﬁ@me @fﬁ%@llegﬁnetﬁﬁidérﬁé}%r 1,35, 5-
trlnethy exene- 1, yl pent ene- |

nmh)rhgdnwnﬂen}aclql?entadmno{mdt@dbé?@neand cycl ohexene. V.

i quid, ; .Di | ul_e)rlt: %I ventﬁ ﬁol ution [0037] The diluents
=tised | eficial in producing

(6ol y ’Plfe&flh'l'en@%éﬂﬁﬁrth@ ﬁ@@nﬁmmtae@eﬂzﬁalﬁrhproduaugmgMy
can al so provide poly Rﬁocesses havi ng reduced

usefil palymeriredusts. ONaercithe dRicnisican aise Broxil RAYRERTRsHses
hg\ﬁ\rllé L cf]fo Iur)}f Fﬂlo%‘%% §9§tall hRid gg el gﬁﬁ/ér %&ucteﬁ%n{n%{rﬁﬁ‘éﬁﬁn

are°pre era '0Ns a e reaction
epiieins s Thd diludneshfithe inlventnmrarepatefaablp nomposgitiensaddebioghe

active t I t t hi the d d
r%maow%?ssiﬁéﬁe&? etcoreBpnef g & Aubrg Pz R oy i
ﬂ?gérgggp e{%@‘éﬁé’&sﬁé& Sd@oednLrdiQl STRLY SNbIPBIE ihe dileht is a

l'uent 1s a hal ogen containin
hydmpmbnml havmg littlerte hie sellvent pawerroMionepreterabyyl ilecdifusohis a

halogen containing compound, most preferably a fluorinated hydrocarbon
compound, and preferably a 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.

[0038] According to this invention, fluorinated hydrocarbons (FC's) are
compounds having 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



conmpound, and preferably a conpound having little to

no sol vent power with respect to the pol yner product.
wab@7/061306 | nat ed hydrocarbons nmay be used i ndi RCTUSI0E042847

or as mxtures, and can beqyncluded in a mxture with

non-fl uorinated hydrocarbon diluents if desired.

[ 0038] According to this invention, fluorinated

hydr ocar bons (FCs) are conpounds having at |east one

a:tamb@htoah@mrmatam(sl) easimpletelyfreplacddnsy falopie. S&EHawley s

ed hydrocarbon_ can be_ a perfluorinated
@é?ﬁ%ql Ligggonary EMW@QE%% dcadinsirardRenhold,

PSW?' Yes ng}e «Q{j:dgﬂ, odiPSdns W%&Qﬁ{é S O{Iﬁ(c(l:lﬁ,

perfluorfnate on I's & 11Uorocarbon 1n
Chie CydregeblydCr ‘exfleo,ymmte@u:dsfeﬂbm { theC, 6 ant afvseprefetbly Cs

| et el epl aced by fluorine. See Rowey 's
ﬁé g%aéﬁfcal Dictionary, Thirt eent h Edition, Van
o391 andh KeNGAbSHimdRdthe fﬁﬁﬁﬁﬁé@ﬁ}gﬁgc %gé e res nted byC "

1gerfluorocarbons i ncl ude I'i near branc
o f@myla:preferably Cl to C20, nore preferably Cl to

C10, and nost preferabl to C6 perfluoroal
[0039] In one enbodi nen%eﬁ{}%e fluorinated hycﬁ%@gar bons
\ahaememeﬁam@ﬁi filoyn I e d, anemhidielRrbmAZio 3% &ﬁerMi%@I froth

an integer from1l to 40, alternatlvelyfrom

h@ 20, phterpfielx o Irto iy altermatively fegme & e &t altﬁéflaj'lVﬂB’(f\’ﬂﬁ.I_Z
th203fberilitdl Ak ¥ 0, byl Pdin PoleC R by £ 2

tbd @hereosy ispgredfterthid ot dqualrto O and z3s anMiedgel idyatiléast one,
to O.and z is an integer and at

reate irﬁ%{mn or e aI
8’2%1“’8 ’WP%ZBF toggsapd atleagtgns. are i ntegers and
[0b4d]e2S Ex@ifies bERARS IRFHR RS nRfudifllopdhétaiRcar bons

i nclude fl uoronmet’hane; difl uoronethane
Cilﬂmfmm@ﬂ?@n@tmﬂmombtham dbmmm;ae,ll 1-dififoreptianes hane;

oS PP iRnming 12 SMGRHRET 10r b2t hane.

tdrdfhudroktliaby B ) |2l20fe&@ﬂﬁtﬁ8&hane 1,1,1,2,2-pentafluoroethane; 1-
1 1,1, 2, 2- pent af | uor oet hane;  1-"fT l"'uor opr opane;

fhloreniepasst SA®propane; dblf-dxﬁbpmmanel 2-difluoropropane; 1,3-
r l ﬁﬁ ropane;

d%ﬂ%org#ﬂ;ok%%; g’% rdggg%gpm%mi ,’i rrtrluo a&ﬁ’alﬁé’z 1,1, 2-
ttifludropupange; d dgdrveriflubrdpr3pdnk] f Qa%ﬂpbfbpﬁdpane 1,2,3-

1.2, 2-trifluyagro 1,2,3- trifluoropro ane
tﬁ}ﬂliorfp@pfuéq, Héﬂg ‘rg%ugmp@ane 1 1,1,3—tetraﬂuoropropane 1,1,2,2-
tétraflubropréRing af, 1 9 3L RRAARA Sopatel 1,432 -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-pentaflnoropropane;
1,1,2,3,3-pentafluoropropane; 1,1,i,2,2,3-hexaﬂuoropropane; 1,1,1,2,3,3-
hexafluoropropane; 1,1,1,3,3,3-hexafluoropropane; 1,1,1,2,2,3,3-
heptafluoropropane; 1,1,1,2,3,3,3-heptafluoropropane; 1-fluorobutane; 2-
fluorobutane; 1,1-difluorobutane; 1,2-difluorobutane; 1,3-difluorobutane; 1,4-
difluorobutane; 2,2-difluorobutane; 2,3-difluorobutane; 1,1,1-trifluorobutane;
1,1,2-trifluorobutane; 1,1,3-trifluorobutane; 1,1,4-trifluorobutane; 1,2,2-
trifluorobutane; 1,2,3-trifluorobutane; 1,3,3-trifluorobutane; 2,2,3-trifluorobutane;
1,1,1,2-tetrafluorobutane; 1,1,1,3-tetrafluorobutane; 1,1,1,4-tetrafluorobutane;



tetrafl uoropropane; 1,1, 2, 3-tetrafl uoropropane;
1,1, 3,3-tetrafl uoropropane;

wa 2®786139¢ et r af | uor opr opane 1,1,1 PCT/US2006/042847
, 2, 2- pent af | uor opr opane; 1,1, 2, 3-
pent af | uor opr opane; 1,1, 1jg'3 pentafluoropropana
1,1,2,2,3-pentaf|uoropropane
1,1, 2,3, 3-pentafl uoropropane; 1,1,1

1; 122 ?Kra@%&ﬁ%hféﬁé opt QB&B@aﬂLibrdbulalﬁ B 3;4-tetrafluorobutane;
uor opropane; 1,1,1, 3, hexafluoropropag
1;11 3],3-1¢t@s,ﬂzp®b3tanhelp1,§;4}-tg@ammg 1,1,4,4-tetrafluorobutane;

h t I
TR RiaReht fo uiSL ARG, {23 HOHARHARRIE
1b, §4dé&dﬂa@fdbhtaha %2,3 ,B,-tét-raﬂhcfrbbmmb 111l Ag2-pentafluorobutane;
2’ Z-dlfluorobutane 3-di f| uor ohut ane;

1,172 SenoniaormbEisD b 214-nenzaﬂqorc; PEBF ol
o 2-
bbbl oPskanBiznholpfnhe! 11 MaTORu AT bR

uor o or’obut ane;
111,323 Iidhtéﬂudﬂibﬁbnb,a]nb,z 22 12¢rﬁaﬂu01rcﬁbu¢mmeohﬂ|12aaa% 1,1,1

J-tetrafl but f
eniafsoroRu et o phgrsbipiobitate b B4 S e,
112,%;3? Stéx‘iﬁfuﬁﬁﬂ‘ﬂu&%,oﬂyb per&aﬂuo%o%nir@t 1afil 24@ gobut ane;

tetrafl uorobutane; 1,1, 4tetraf|uorobutane
HibxAflubrdbutates Ml%iéﬁma&wm@@w% 15%3 S AR BRI e

1522 R PR A iy faptigrofubib £ MSL D 20 e
ﬁ]exﬂ-ﬂﬂorgblﬁatﬁe ptraf3, mqmwﬂm&utane 1,11,44, 4-hexafluorobutane;
3- ent af | 'uor obut ane

1,1,
111 2 213,}hqxqﬂ@m®ptagg,rlobgi%@he)iaﬂyogpbgtage 1,1,2,2,4,4-
1‘81‘511#51‘%? 'I'tlafigB 4]i1e&aénior lﬁa&e 'Ttlaf 3 UQURRUAAREbutdnel . 1

uoroBut ane; pént af | uor obut ane;
112 2 323 Z-héxdirptabiutaney hhd tzam,?:~hbpmﬂapx®b3tane 1,1,1,2,2,4,4-

he;gatﬂgl]:)g)u ?;{aggﬁlt g& 4621?0% 6%@Ptgﬁgor08§tg}lg fll, 1&'?5 %,%L,% ane,
%ep%ﬂ% %bﬁfaﬂ@nlt f bupi abub@nGerobutane; 1,1,1,2,4,4,4-

ent'af il tidrobut ane: 1,1, 1,27 3.
Xaﬁfulorcﬂuutaba;t Bhé;3,314.4-heptafinorohutaas ¢, Ldebfrane

S [ DT BB o 1112345

dotdfidbrabutarte; NEXaS D u,qgmbmmmbame, 1,13, :233 44,4

hexafluorobutane

1,1 4. 4-h fl t 1,1,1

chtaﬂll}oaom l,&dﬁ%%ét%‘é-noﬁa@oﬂobﬂ%‘%e g:%af gﬁgd;}gbut ane;
14,
Ao bt SHRb L B A Saners fafuerd anetnpropane; 1,3
difthord-Bntbifipepale lll,(l[l@blfmanez-rﬂgﬂg{lﬁroﬁm&, 1,1,3-trifluoro-2-
m‘é@'}fpxr?;ng,%"gl b iodistuisfifraiane 101 3R RRybanE:
1 o

ﬁleg?’gqfrﬁ% f'?;@féﬁﬁﬁﬁ&@fm%§ﬁ§@faﬁe 1,133 Auéko

oro uiane 1,1, 1 heptafluorobutane
(tﬂlibxdmahﬁl,)plrpyaneh &t1a3,B-ponteBuerariemethylpropane; 1,1,3,3-
fluoro

beeEip i etmany argb s b 12 fiyhydiod Gnrdtadnysropane;

hu&ro@yﬁoﬁ;tﬁaef‘rlﬂ difluorocyclobutane; 1,2-difluorocyclobutane; 1,3-
difluorocyclobutane; 1,1,2-trifluorocyclobutane; 1,1,3-trifluorocyclobutane; 1,2,3-

trifluorocyclobutane; 1,1,2,2-tetrafluorocyclobutane; 1,1,3,3-
tetrafluorocyclobutane; 1,1,2,2,3-pentafluorocyclobutane; 1,1,2,3,3-
pentafluorocyclobutane; 1,1,2,2,3,3-hexafluorocyclobutane; 1,1,2,2,3,4-



oct af l uorobutane; 1,1,1 ,2,2,4,4,4-octafl uorobut ane;
1,1,1,2,3 ,4,4,4- octafluorobutane; 1,1,1 ,2,2,3

w0 Jod/odspeonaf | uor obut ane; 1,1,1 , 2,2, 3,4, 4, 4- PCT/US2006/042847
nonaf | uor obut ane; | -fl uoro42- et hyl pr opane;
[,1-difluoro-2-nmethylpro rane; 1, 3-
di fl uoro-2-net hyl propane; 1,1, 1-trifluoro-2-nethyl
rropane; 1,1,3-trifluoro-2- nethyl propane;

mexsﬂlmrwy@lnb@tane,(lf L@éz%ﬁ;@mﬂu})}:ﬂcw etane; 1,1,2,2,3,3,4-
l'fep‘%:lﬂéb%ct lﬁ%grlfeu Iastm&ﬂag@fﬁg?f%g?%%@ﬁﬂs thclude difluoromethane,

thﬂhm%n{eﬂiafnb UQT-difRrordetiader Qmet iftubRyethaha, rfmoromethane and
ent af | uor o- 2- net hyI propane; 1,

, 3-
k, Bﬂ r2a11etr@f&#cx§062ha(rm MoxBrs HyTP of Broamet thy ahOVP: are also useful
ﬁ?- het rafl uoro-2-(fluoronethyl) propane;
hf uor ocycl obut ane; 1, 1-difl uorocycl obut ane;
[002¢]di f humhexcemﬂddbuéram @ne br BroredilFCy avcasyd inddoutbamgion with

ail:oé’feé {lll‘r;qlni lpﬂlgrxgg% {o)cgﬂ{egn : Suifable additional diluents include
ane;
Hffdl'cfclafﬂ%g’ e@r R NURRSes %l%gﬁitﬁnﬁg,?fawgfehé{% H%Séa?lpdﬂs,

, fluorocyc
ekpwﬂalyzc;hbrpateﬂdfyldmmdwys:mmbhe ﬁhe Spqcilﬁchx.’Bmples include but

%Hﬁt)lg #&{fgc o Obu%q?ﬁugwg Iientane Ihethycyclopentane isohexane, 2-

Iﬁetﬂlylgeﬁaﬁ’e 4 Iﬁ&ﬁ b QM RURAVERAS 2,2-dimethylbutane, 2,3-
- exa Iuorocycl utane; 1,1,2,2, 3,3, 4-

di@sthdihutp@po%:y@ﬂtyﬂmawﬁ “methylhexangs 3-gthyipentene. - HFC s

I tki,f
e R L e
fehtane PrpictgiteptanaB-dthilhdxahel Bfdahétugheeinbane4,- M xt ur es
Qf t of nore of the above are al so usef ul herel n.

penings QréAnehapienans, cthaee, giethage.dopprss dggage.used
sﬁeﬁ%%?gﬂ@%&?%*%ﬁ@ oA R CIof e BclBbroBha, Hibbine
dyyllxbpaniﬁmdgngcd}]yl@@h@emahé 3 ]he Ci ;}?r@em?mﬁhﬁ-ed
S B oL e RS Rp it S AL | mel ude
cﬁﬁh%t@[c@clﬁﬁ&nthﬂé%ﬂl% &19%@ﬁﬁﬁaemone§%umﬂ@mye@ﬁe>%s

met hycycl opent ane; isohexane,” 2- hyl pént ane

Rnpeehiplysaatiaae, @Thvexsﬁweomraﬁelenz,, petgixyianhyanddbane,
1%10§eﬂgf3ﬁér?%£? & a?fl(gf‘ the ab h%ef?a?ﬁ%?%ﬁqe cﬁlon%'é@i lvgr% $A06f the

ane
aboie, dlhdrepha)féraﬁmfhlbﬁnatad 4er§1loﬁ§bflayll PRtht ateve. Bromihatedt hy|
pent ane, 2-nethyl hept ane, 3- et hyl hexane,

VETSOng; Q%‘ﬁﬁhoﬁé aEerpdso usebil Spacificexemplesdnaludte methd ghgride,
Ig&g%lggﬁ%hl%%‘ g%glngh ﬁ gro??f net yI ¢, Dty cy c ré%g %@Bﬁjform
anylcth@mzmpane cycl obut ane, cycl opent ane,

[Hﬁiﬂy e ﬁ]c ep emqat 1ment %he]ngb qs?ltls% I?lggt?otna\gﬁh methyl
chloride. Additional embodiments include using the HFC in combination with
hexanes or methyl chloride and hexanes. In another embodiment the HFCs are
used in combination with one or more gases inert to the polymerization such as
carbon dioxide, nitrogen, , argon, neon, helium, krypton, zenon, and/or other inert

gases. Preferred gases include carbon dioxide and/or nitrogen.



di met hyl cycl opent ane, trans- 1, 2-di nmethyl cycl opent ane,

trans- 1, 3- di nethyl cycl opentane, ethyl cycl opent ane,
weyarobiss@ne, net hyl cycl ohexane, benzene, tol UPCIEDS2006/042847

xyl ene, ortho-xyl ene, paraj§ylene, nmet a- xyl ene, and

t he hal ogenated versions of "all of the above,

preferably the chlorinated versions of the above, nore

preferably fluorinated versions of all of the above.

B0as] nateanotBé enodiniint tHEHEDQ ¥R 1B irAdchtbilaRhWith one or
Specific_exanples include, nethyl chloride, nethylene

slerotiiraied akkengsl inehding Ceto Gap, dssierablyl Girto diag, nire preferably

h [ t | ke 042. one .
bt ity el P8 G Mkt st Sl R pvge
oftramichde alkAntdi Prefbatd girordial@nésintlngt, bileard SonEmitbetdiFC
in conbination with hexanes or nethyl chloride and
HaeRshane, pHrosinRreprEBRNCEP Y ARS, PRIPeRiaEe, giEdhckane,
TR ol A Bl B RARES B liotefle sffoundecane,
mitrgoyrlomethane, higdocynipetkanyg phicncyctapnepane atittoéoiclobitaae,
inert gases. Preferred gases include carbon dioxide
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[pot4jar e ThoHHQA Rityseallypreseht 4:ar®tDAREIunt % HagIdNPOE the
ni tropropane, nitrobutane, nitropentane, nitrohexane,
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nitro versions of the above. eferred enbodi nent is
Hrawtivelyhdticcenidd and 100 yolsniedamltefpbizd) bEtvecchiBC and 100
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Rty esinA anddi0) violmpgeon alianativelylmtw easl Trasdok)0 volume %,

G4 18U AR A0 S T e 5 a0
alltme Mg hlterabtyvely between 90 and 100 volume %, alternatively between 95
and 100 volume %, alternatively between 97 and 100 volume %, alternatively
between 98 and 100 volume %, and alternatively between 99 and 100 volume %.
In another preferred embodiment the HFC is selected from the group consisting of
difluoromethane, trifluoromethane, 1,1-difluoroethane, 1,1,1-trifluoroethane, and
1,1,1,2-tetrafluoroethane and mixtures thereof.

[0045] In another preferred embodiment, the fluorinated hydrocarbon used in
the process of the invention is selected from the group consisting of

difluoromethane, trifluoromethane, 1,1-difluoroethane, 1,1,1-trifluoroethane, and

1,1,1,2-tetrafluoroethane and mixtures thereof.
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[0048] In yet another embodiment, the fluorinated hydrocarbons of the
invention have normal boiling point in the range of from about -50°C up to the
polymerization temperature, preferably a polymerization temperature of about
85°C, preferably the normal boiling point of the fluorinated hydrocarbons is in the
range of from -40°C to about 70°C, more preferably from about -130°C to about
60°C, and most preferably from about -30°C to about 55°C. In an embodiment,

the fluorinated hydrocarbons of the invention have normal boiling point greater



enbodi nent, the fluorinated hydrocarbons of the
i nvention have a MV greater than 125 a.mu, preferably
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and a liquid density greater than 1.00 g/cc, preferably greater than 1.20 g/cc. ITn

yet another preferred embodiment, the fluorinated hydrocarbons useful in the
process of the invention have a liquid density greater than 1.10 g/cc, preferably
greater than 1.20 g/cc, and a normal boiling point greater than -50°C, preferably
greater than -30°C up to the polymerization temperature of the process, which is
as high as 100°C, preferably less than 85°C, and more preferably less than 75°C,
and most preferably less than 60°C. In one embodiment, the fluorinated
hydrocarbons useful in the process of the invention have a MW greater than 90

a.m.u, preferably greater than 100 a.m.u, and a AH Vaporization in the range of



1. 40, and nost preferably greater than 1.50g/cc.
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standard calorinetry techanues in the range between
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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
condensable fluid 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
wt%, preferably less than 3 wt%, more preferably less than 2 wt%, even more
preferably less than 1 wt%, and most preferably less than 0.5 wt%.
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Exanpl es of suitable, prefgrably inert, condensable
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w il be lower than that of the dry pol
fHiofihated hydrorarbon, is less than 12°C, preferably less than 10°C, preferably

less than 8°C, more preferably less than 6°C, and most preferably less than 4°C.
In another embodiment, the measured ATm is less than 5°C, preferably less than
4°C, more preferably less than 3°C, even more preferably less than 2°C, and most

preferably less than 1°C.
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catalyst systemof t Invention will typically
nbtatibh dembertray sehgrae fardingpPerivadic Fabde Groups afeustdas set out in

et izt i Ay s A ebonent s of the
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utilized int nmerization process sel ected. For
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more open, acyclic, or fused ring(s) or ring system(s) or a combination thereof.

These bulky ligands, preferably the ring(s) or ring system(s) are typically
composed of atoms selected from Groups 13 to 16 atoms of the Periodic Table of
Elements; preferably the atoms are selected from the group consisting of carbon,
nitrogen, oxygen, silicon, sulfur, phosphorous, germanium, boron and aluminum
or a combination thereof. Most preferably, the ring(s) or ring system(s) are
composed of carbon atoms such as but not limited to those cyclopentadienyl
ligands or cyclopentadienyl-type ligand structures or other similar functioning
ligand structure such as a pentadiene, a cyclooctatetraendiyl or an imide ligand.

The metal atom is preferably selected from Groups 3 through 15 and the



Group 15 containing nmetal conpounds; phenoxi de
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activator compounds can in ude t he support materi al s.
As used herein, the new notdtion nunbering schene for
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Chemi cal And Engi neering News, 63(5), 27 (1985). 1.
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hydro genated versions thereof, for example tetrahydroindenyl ligands. In one

embodiment, L* and LB may be any other ligand structure capable of n-bonding to
M. In yet another embodiment, the atomic molecular weight (MW) of L* or LP
exceeds 60 a.m.u., preferably greater than 65 a.m.u. In another embodiment, T*
and LB may comprise one or more heteroatoms, for example, nitrogen, silicon,
boron, germanium, sulfur and phosphorous, in combination with carbon atoms to
form an open, acyclic, or preferably a fused, ring or ring system, for example, a
hetero-cyclopentadieny! ancillary ligand. Other L* and LB bulky ligands include
but are not limited to bulky amides, phosphides, alkoxides, aryloxides, imides,
carbolides, borollides, porphyrins, phthalocyanines, corrins and other

polyazomacrocycles. Independently, each L* and 1B may be the same or different
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t et rahydr oi ndenyf I'n“on I'ment
rpdicalsyachloxymdicsh ecylhmgmrrddlsals, wmﬂammo aaxh&mllg strhight,

araREP IS Aoty oo L AOPrRROR Hebohs epPRTHY

efitidaned] subgiteait %foqupB RS up 165 0nod-RyEORIEEms, preferably
enbodi nent, LA and npri se one or nore

frend rt@ ap Garbon,ftbat can alip beguhﬂlwezsb‘@ﬁh helogéns on hetorpatoms or
e S e e e M G T :
Ifrupsd;:butylg p\@ltyl[ hexiyl @ ySlypéryi) cidbheﬁﬂ@ﬁﬁiz@l orphenyl grmg)s
E gro qu opﬁg@adl enyl ancill are/ gand. O her LA and
theh %P@ gyalf, thetr; 1spun g domgramples eﬂ@ry wtm isegropyl, Bud fhe
1 Cifer lﬁﬁ&%%ppﬂ%ﬁlcaﬁllﬁaédedﬂ%mlﬁ&lﬂbp ﬁhgﬁg hg%5 HeilBRocthyl,

car bol i dés por phyrins; ani nes,

iodoproma, laaniOhﬂ)ﬁyérchhmd)‘tgmzyirmd lhgzdtyocdtrbyl substdeqaéndent ly,

h LA B b diff t f
SRR i oo s RSRTOM winanESmsbal rent o
héthilethyldily] 24 the GRE, B h@loha%m-éuﬁs%teh%rgéloﬁie%&l%ﬂf

[0058] | ndependentl| y, each and

raqhg%lbmcmdmgetas@ﬁﬂwn@ﬁhwutseldl mqthylémfdlﬂnomataﬂud)sﬂﬂ

RS oSl RURTy na Mattitct M ARG BRPE b Gbp fhcivase
inclodipg ﬂﬁht&h‘ﬂb&oﬁ rfmthl@ @ﬂ]dlsﬁﬂstlfdtéh‘i;ﬂﬁcto Senagiosd

.al kq}{ r adi ai or. al kenyl radicals, alkynyl radicals,
ipclpdipg Apsthylamines 1@68%3’1@10;7]’ ipg @iRhgnylamingy | r adi cal s,

rﬁétﬁylbhér@ﬂih%%}ﬁne, 2hd1030en FAHE H ST Rl Q. @ﬁb&ﬁ PLOpOXY,

phenoxy, methylsulfide and ethylsulfide. Non-hydrogen substituents R include

the atoms carbon, silicon, boron, aluminum, nitrogen, phosphorous, oxygen, tin,
sulfur, germanium and the like, including olefins such as but not limited to
olefinically unsaturated substituents including vinyl-terminated ligands, for
example but-3-enyl, prop-2-enyl, hex-5-enyl and the like. Also, at least two R
groups, preferably two adjacent R groups, are joined to form a ring structure

having from 3 to 30 atoms selected from carbon, nitrogen, oxygen, phosphorous,



al kyl thi o radi cals, dialkylam no radical s,

al koxycarbonyl radicals, aryloxycarbonyl radicals,
we@aboesyé radi cal s, al kyl - or dial kyl - car banpgt/US2006/042847

radi cal s, acyl oxy radicals,_ acylam no radicals,

aroyl am no radical s, strai ht, “branched or cyclic,

al kyl ene radicals, or conbination thereof. In a

preferred enbodi nent, substituent groups R have up to

0 _non- hydr o car bon,
PR S0 Bh S B LSRN e A0
sBdtRE@A EAWp FOgroup sudhl dsd -buvand hiayifoinng caioammgm bofid to the

alk | substituents R include nmethyl, ethyl, propyl,

: pentyl, hexyl, cyclopentyl, cyclohexyl benzyl

[965932 hfGHRR n?a[yﬂo ddgatd ﬂsqh%hfé&p NesHch & 1&9@@@

exanpl’e tertiary butyl, “i'sopropyl, and
ledvéngd gﬂo&p @Ih@ne ptodioent @ is raadmrmhmmcrlablhad@and having a

fl uoro thyI oet hyl i.fl uoro hI i gdopr opyl , .
BB Depen B P oxidaing drsed tiymeih B G BEn i

® flgﬁ“@%ﬂaf t:‘HaJ[ Pdngmﬂ@ﬁl Sve réﬂ%’éeﬂ@'aﬂﬁu@rﬁl‘ Bty YdaBitl mekallocene

trinmethyl gernyl, methyldiethylsilyl and the |ike; and

mmwwmamnme@ubstltuted organonetaIIO|d radi cal s

m@%‘h v dl ‘t(hgl%ll?%% rg%'& %‘@ ilg S mclucYe weak bases such as

;Qﬁlﬁ@ [iE(BsﬁbMin@S reeHoRy/ lcﬁbbiﬂylbte@ rd@elkbl&}fﬂtdé&rbyﬁﬁdlcals having
di substitiuted boron radicals including dineth ] bor on

from 1d fsrbon aiemsghydiisles pr halegeng ﬁm:th@d OF a4PEamation
4B B o L G5 e
ﬁr@ky@?hs I Gf)tlhg]} Mmp@)es;uﬁ'WS ﬂtchxdxyhosp sd[sumentspih!e]h exy,

sul fide and._e sul f] n
St Sron ReRE QIS L sl BT B con,
tﬁ@]ﬁ&ﬁqetﬁyl%%@@h yIeht éféﬁﬁﬂletlﬁ/lﬂé?épﬂ ?H&ene%}éﬂ%‘xy, bitjoxy,

germani um and the |i'ke, includin fins Such
propiogt, phtoxy; bis(Neviethplaoilige), dimethy lmides dimataipkpsphide

bstit i ncluding vinyl-termnated |igands, for
a gﬁﬁ‘tﬁ@ enyl, prop-2-enyl, hex-5-enyl and the

ODKH A|11§ Bnothdr ehﬁ)@ﬁimdn‘t\ﬂh&@zﬂ%i Qﬁmpﬂﬁlﬁf)ﬁibﬂihb ynviewtion may
gi\y}acent R groups, areJO|ne to forma ring structure
dpgng eIoReIE and siefallosenscetalyst poRPQEBBere L and

18 LF 298N frxg8H 4&2}8% {}Tb&tﬁéiso}ﬁét Il%agto et?ﬁ%%%grbﬁp A, as

al um num bor on nati‘on ereo
ﬁpﬂﬁhﬂ&u@mFmgnﬂwDVR group such as 1-butanyl may form a
carbon sigma bond to al &407 [ 0059] Ot her |igands
may be bonded to the %E‘? hﬂ h as at |east one

(022,’1' ng @ggg@m@gﬁ%@eﬁnﬁm%%ﬁw A VrRigad, BRI C
metallocene catalyst compounds. LA 1B, M, Q and n are as defined above. Non-
limiting examples of bridging group A include bridging groups containing at least
one Group 13 to 16 atom, often referred to as a divalent moiety such as but not
limited to at least one of a carbon, oxygen, nitrogen, silicon, aluminum, boron,
germanium and tin atom or a combination thereof. Preferably bridging group A
contains a carbon, silicon or germanium atom, most preferably A contains at least
one silicon atom or at least one carbon atom. The bridging group A may also

contain substituent groups R as defined above including halogens and iron. Non-

limiting examples of bridging group A may be represented by R’>C, R’»8Si, R*»Si



si gma- bond toM Depending on the oxidation state of

the netal, the value for nis 0, 1 or 2 such that
wao-ormubesod | | above represents a neutral bul ky PCDESZNG/042847

net al | ocene catal yst conpound. [0060] Non-limting

exanpl es of Q ligands incl@dde weak bases such as

am nes, phosphines, ethers, carboxyl ates, dienes,

hydrocar byl radi cal's havi ng from1 to 20 carbon at ons,

yds L 5 n i . j
B KR REp PR Al Shogh P RETREE B,
lg@rrctcaﬂj‘yl &uﬁﬂﬂﬁlﬁéd hidigc@byll hdlecaslyss; bstitiict haloeafampl es of

Q ligands include those substituents for

hyssecartykaubshBied erganamrialingd, ﬁ@loevévbﬁ@ﬁwe@wmﬁ@%}hmd
A&RsHtute tdhb%:réﬂ distbdt t{;}t%? plgﬁg{ g&]l ’suﬁ Ht@d.@{ﬂ%:%@ﬁ' %r halogen or

pent ane ene, yoxy
trocqr amxore Rph&zlyd)eyombd m(ﬂ&rrrmtlmgl cmmnglsgimm din omet dﬁylbcaimdm

Bt BB Bmiinci e Sndb g sompombePBHIB Vit

VR e BriliBiY ek 49018 e bul ky |igand
net al | gceﬂggc% Ilyl?st e(c?‘g{rsﬁounds \?\,here LA and LB of

[0863tul aln motmgmbpdmgaed thmbtébschgmdhmtalﬂgcem cat@a@t one
PR 5 paete fE mis R R SR pd et

MﬁMhsEIH ahd W@ﬁeﬂsubbtﬁﬂu’&ﬂ vht}gtﬂe dai@bidiFetaneutipiraly st
conmpounds. LA, LB, M n are as defined abqgve

BPIIPHLS Pheacso s l‘élékso gf’élﬂﬁ g ewgtbgr gupodimente rh?d%ﬂky
agahﬁgtﬂg?@im orfif g%@%&@v%}e & ?&% HEPYRe3 L0 16

en re o as ol ety such as
[6064]not (Jthembhﬂ@ liganametﬂlas&ne@aalysf ccanpmmﬂm md @X@Im n,

T A R e e S

QD@M@OZA\SQ%%@Q NS 14 $iar 5913 061 19,20020" 5996, 0881isbsaizam
most preferabl’y’A ¢onfains at’ east one silicon atom

5382161106 6329,08he5, 304 Gckn 5 47 401 ﬂw’é’-%&%d@ﬂﬁ@%& 5uB54868my

SR RS aRe B T R A R R 2 D g

WO JYy0SIR 19D P3/H3 M%) W@%/@przﬂﬁ w@egnwwvfz@ 98”1330, WO
R2SIR 2SI, R 2Ge, R P, where i s i ndependent ly, a

94 281 Wih DRGNS0 PBIORYR fde gAY g aropeas
R G506 B ohskesR b PR g o
3z, EP&AZI}QISBQ BB&tER-Bﬂ €0:i632r YanBRMB a0 748 821 and EP-Bl 0757
996, all of which are herein fully incorporated by reference.
[0065] In another embodiment, the catalyst compositions of the invention may
include bridged heteroatom, mono-bulky ligand metallocene compounds. These
types of catalysts and catalyst systems are described in, for example, PCT
publication WO 92/00333, WO 94/07928, WO 91/ 04257, WO 94/03506,
W096/00244, WO 97/15602 and WO 99/20637 and U.S. Patent Nos. 5,057,475,
5,096,867, 5,055,438, 5,198,401, 5,227,440 and 5,264,405 and European
publication EP-A-0 420 436, all of which are herein fully incorporated by

reference.



di substituted boron, disubstituted pnictogen,

substituted chal cogen, or hal ogen or two or nore R
worey7loelspoi ned to forma ri EZI% ring system PCT/ORB06/042847

enbodi nent, the bridged, bul"ky Iigand netall ocene

cat al yst compounds of Fornula IV have two or nore

bridgi ng groups A (EP 664 301 Bl). [0063] In another

[

88 ol maoh i raort, BEPHaTR b ROS oF M Mkhlion

hmlddxas big@anmere balkyriggahd ofetaHocenglcatlyst ¢ompranilsregresented by

substl uted with the sane or different nunber of

Eowal? Vaent s on each of the bulky Iigands. In anot her

enbodi nent, the bul ky 1Ciaggegls LAvand LB of Fornulas HI

and 1V are different from each other. [0064] O her

mmbwmlis; g &mehipnktoal d metehwowar alnyeial selsaisd dioasthg fgoup of

S S O b TR S
&354 B trinsitibd nit4, arﬁl B4:3,128%&sab By 139 a GR3up 4§, 204G 208,

434, 5 321.106. 5. 329 031. 5 304,614 5 677, 401
Qrarrsztsorsmstal Bng Q@Smsfe@ Bi¥lis 3¢ Froup 4 grpsigay mstagHpanyn3

dy &
doideitanits, SoqlariuEET L i 9rBaae %ﬁg AR o

!ﬁgéﬂcﬂﬂoiﬂed Mﬂﬁséb’kﬁa&l oD, g4 BasRE to Wn®BY;4665 beteiBiom
99/, 025 99/1 221 and ur opea bI i ca(ts‘l ds d
o al@) 8@ igp baldgng gE0uy 13@#"“%’ i“o“’%‘é andn

34, orf? aGBzed system.
im0 7 g B350 St Fond QRA T B oy
ﬂilealebmbtbdﬂﬂe;xt Liio6Fpmonua ¥ds by defisted abensefor Lgo%]\d agdl Q of

enbo the at a conpositions of the
|o?1rer?§§ fﬁflﬁglaﬁa‘ée]ﬁ i& et er oat om mono- bul ky
I oomd nﬁtﬁﬂnﬁlﬁﬁﬁﬂ@lm&@&b}ﬂ@ﬁ} cohb@sifig hgmamﬁnam ﬁlanst s
and cat al yst ]@i/psterrs are descri bed |n for ex

pEmeptiwith exopisinaion gpmbersdhrepdioouGrry 18 Or\mebment Cwith a

3P R PRt AL Gt
PréiofabiIcontinkIBnitOden, Phcdplorbid bxypeh &, affdr 406 veitinitrogen

Eur opean publication EP-A-O 420 436, all of which are
H?émg.mpﬁmerf%rfq ncor porated by reference.[0066] In

er ﬁ%ﬁe@?ﬁ%ﬁﬁentBFﬁleQﬁ‘&éﬁh}ﬂﬁtth&@ﬁ!ﬁ?ﬁgﬁﬂd%ﬁeﬁﬁoéeﬁ@

|nvet|on| es one or nore

rcaﬂabyst oogrendadra Ihy‘@tocgdfmbgmdgometw&eswh@re dheynlisoli gands,

the ring(s) or ring system(s), include one or more heteroatoms or a combination

thereof. Non-limiting examples of heteroatoms include a Group 13 to 16 element,
preferably nitrogen, boron, sulfur, oxygen, aluminum, silicon, phosphorous and
tin. Examples of these bulky ligand metallocene catalyst compounds are
described in WO 96/33202, WO 96/34021, WO 97/17379 and WO 98/22486 and
EP-A1-0 874 005 and U.S. Patent No. 5,637,660, 5,539,124, 5,554,775,
5,756,611, 5,233,049, 5,744,417, and 5,856,258 all of which are herein
incorporated by reference.

[0069] In one embodiment, the bulky ligand metallocene catalyst compounds
are those complexes known as transition metal catalysts based on bidentate

ligands containing pyridine or quinoline moieties, such as those described in U.S.



L AAMN (V) where Mis a Goup 3 to 16 netal atomor a
netal selected fromthe Goup of actinides and

wo anvhersveles of the Periodic Tabl e of El ement SPCT/US2006/042847
preferably Mis a Goup 4 to 12 transition netal, and
nmore preferably Mis a Goéb 4, 5 or 6 transition
nmetal, and nost preferably Mis a Goup 4 transition
netal in any oxidation state, especially titanium Lc

IS .a substi e ti t I | igand bonded
%\m‘;}caém? ger!fg #&eggﬁgwfiﬂﬁé Jﬁ%enu%zggg% W§X(§1n15 1re?In Jis a
RB&B5 AR MY réfednch. alnyanott@a Bbodidn\ tHebudkyDlidatld nftgallocene
group; Qis a univalent _anionic ligand; and n is the
¢atel ey epmpounds prexthoserflepsibed imP GT @Bbg@a,ﬁon%wo 2O/ 1and

sed. ki n ' , L of

B33 Biioal S MIamrERork B ARSRAGERE: o O
foorolul aVadstiesrambdeainisnedhahdieligandroetalldcand tdtaly§t0067]
In Formula V J is_a heteroatom contajning |i d.in
cemRond 15 ascorppley efmetalipreieblysdramstiopnarialny, sy liggnd,

f : € ' (] i on
pafeELy £ O Chor it AR LSRRG b, AdARIELDA ¢
Feteroaliyl snoidtiesf sichbs thode desortitzidris TaS rRatent Ylow,, 5,527,752 and

B0 P en PR B, B Ra  g
lepMerel on, the bulky |igand netal |l ocene catal yst

conpounds are heterocyclic |igand conglexes where the
07kl | iyamtber enthedineng(thy caselysticagipesider af iy inveRtioude

one ,or nore heteroat j '
R R o e B b TR e s
BpFéenld Vel ement, preferably nitrogen, boron, sulfur,

oxygen, alum num siligon, phosphorous and tin.
Exanpl es of these bulkaQZ ket al | ocene cat al yst (VD

GBI IOR0E LGRS nileliR AT 17 R fRIHAGH, and

B e oy 2 RORHFRO ot s

bR eV epdy @vinn pReigisbandedp Mg Rehve) BigeBgrath
CerfiTP Q4B Rlsed bHg bk Yighddd @EQ 58 ualvaRGEALokatighnadlso

onpounds are thosé conpl exes known as transition = |
hendatl teM; & isstuitsdent dnionictgirelwrivianan isi2gartl i adrtlantranipgic
ridi,ne or.quinoline noieties, such as those
g_%’g& s g 17 %’qrblsg lication Serial No. 09/103, 620
foorep Jun®orBula V998 andWM &8 ak defividaibbve for Formula III. Qs as

defined above for Formula III, preferably Q is selected from the group consisting
of -O-, -NR-, -CR2- and -S-; Y is either C or S; Z is selected from the group
consisting of -OR, -NR2, -CR3, -SR, -SiR3, -PR2, -H, and substituted or
unsubstituted aryl groups, with the proviso that when Q is -NR- then Z is selected
from one of the group consisting of -OR, -NR2, -SR, -SiR3, -PR2 and -H; R is

selected from a group containing carbon, silicon, nitrogen, oxygen, and/or
phosphorus, preferably where R is a hydrocarbon group containing from 1 to 20
carbon atoms, most preferably an alkyl, cycloalkyl, or an aryl group; nis an
integer from 1 to 4, preferably 1 or 2; X is a univalent anionic group when n is 2
or X is a divalent anionic group when n is 1; preferably X is a carbamate,

carboxylate, or other heteroallyl moiety described by the Q, Y and Z combination.



i ncorporated by reference. |In another enbodi nent, the

bul Ky I'igand netal |l ocene catal yst conpounds are those
walescistsedd i n PCT publications WO 99/01481 andP@DUS2006/042847

98/ 42664, which are fully iyxcorporated herein by

reference. [0070] In another enbodinent, the bulky

i gand netal | ocene catal yst conpound is a conplex of a

netal, preferably a transition netal, a bul ky |igand,

poeBEr abinynethstdstddinemgithe bulliydigesd metallecknpicatelyivded

ey Bt S SR A e
?g/lzlégélﬂ%li&pﬁe %ﬁgﬁh%cgnpgééd%?ein%¥ef%ndwi ch are herein

y 1'ncor por at reference.” [0071] In anot her
§00vedli melsefultGrougp & balkydigand mstadlocensicatatyst $pstanpagat i on

Serp s O PREBS bt el thy P R E5Pte REEREp G et
@ﬂﬁs] wheg@Miner wefal eatAlyds ik thisdeahultimicdae rmillpcane
oup 4 to 12 transition netal, and nost preferably a

t@ﬁtalypifsa,s g&cgbfj@irtw&%ﬁ?/%@ﬁﬁ ang 6:010,70% and tiangifipR efal gand
t is n t 1S 1 ded
Rk BB s Bodfloof 1 BB 5 101 JORSAKEML KerBRN (o0 o

REdoysie ifed hereln aRerense. Qthed neetalhicerd ailysminoliie thosgand
al so bonded to M

Aleaivad gy E 01980 K6 AT peihle Sraineogrguitars it M0

0 579 Etug- telﬁlglcé?%%etahfbcg&{sgﬁ% i@lﬂY be3 oRRsh b RIBAY] catalysts

efined above For nu Q i1s” as defined above
fdescribed iU, Phtent o oF,80%34y whidhare iicexporsded hasemn blie
grfgup consisting of -O, -NR-, -CR2- and -S-; Y is
dFPHEF®C or S; Z is selected fromthe group consisting
qoo76PR  ithéRso c%n%at%ﬁz,that 8l fib emBPddment the Wuikly ligand

substituted or unsubstituted aryl groups, with the
gnciv]ilc;mmt erielystbialesapibied aboyr, inchida thet siruglrd oF gptiqal Bim
one of the group consi.sii f - - - '
Bt PSRty ol shiepls sl Rl v

CRI8 420143, Sicbipotdled idréih OFeaieremsg)gmd miatuekdsaherpbfos phor us,
preferablay where R.is a hydrocarbon group contai ning
fZom 1 t drapeitioR MBH CABRRYNd$pst preferably an al kyl ,

A 1y S ool
anowbe whedrin theipgacZice of this invention. Conventional-type transition metal
catalysts are those traditional Ziegler-Natta, vanadium and Phillips-type catalysts
well known in the art. Such as, for example Ziegler-Natta catalysts as described
in Ziegler-Natta Catalysts and Polymerizations, John Boor, Academic Press, New
York, 1979. Examples of conventional-type transition metal catalysts are also
discussed in U.S. Patent Nos. 4,115,639, 4,077,904, 4,482,687, 4,564,605,
4,721,763, 4,879,359 and 4,960,741, all of which are herein fully incorporated by
reference. The conventional-type transition metal catalyst compounds that may be
used in the present invention include transition metal compounds from Groups 3
to 17, preferably 4 to 12, more preferably 4 to 6 of the Periodic Table of Elements.
[0078] Preferred conventional-type transition metal catalysts may be

represented by the formula: MRy, where M is a metal from Groups 3to 17,
preferably Group 4 to 6, more preferably Group 4, most preferably titanium; R is a



or Xis a divalent anionic group when n is 1;

preferably X is a carbamate, carboxylate, or other
whedaenesbs yl noi ety described by the Q Y and BECT/US2006/042847

conbi nation.[0073] In another enbodi nent, the bul ky

i gand netal | ocene cat al y32t6 conmpounds are those

descri bed in PCT publications WO 99/01481 andWD

98/ 42664, which are fully incorporated herein by

reference.. [ 0Q7 I : '
G Tt ey Sl ep B S oY sple QAR mergt M.
N3atightinDexahpl8das B Gitludshillaixy] shenocy bponide sthldrgieand by
reference. [0075] Still other. useful ca]&ial sgﬁi i n‘cltude
fubtde Netlimiieg Swmpises PrEeEea-bms jRoRdon el s bpg
i+N . ; ~018; : Te1( t al
e R e e 0 2 Th1 e
TMOCHRCE THED@JHY)iCiks Ti(OEhEE)eBr Bl > ATy aifder ence.

QX her_netal l ocene catal ysts include those described in
Ta©@B50 %867 A, doubl e cross-1inked netall ocene

lys 9%,5} itibh Inetdl RhtAREESnIPRIuAL] sehes ( EP
[g%ﬁ%sééAnz ﬁgﬁ%lt ost%hglgl for?yl ca?gl ysts described in
nihgBesiBaftdatinNelecdo008n@Templixics fhahats usefabinghe Hperfion are

in.b f 0 ltad | t 1
oot i S amea R SOB TR R 4 R BP B ae
Ak tifcorpeaRrbyhettrakey The METiOK ¢ethyieicetate)rdecivativa is

or optical or enantioneric isoners (meso and racemc
ﬁaﬁm‘i&b’,m@%ﬂe@xanpl e see U.S. Patent No. 5,852,143,

R o B b B P S 2

Al heorpprhedibymftrena@pdeseribésonsbus gquaentronakiypp Hanagamy |
cat al ysts be used in th racti ce of, .thi .
GRS PRI Ve PR SYFHed LAY FGREIA G nadium
c\clagag)?slt X&I{Tlﬁ% i él@ iR S 2hiB M titaf0a  alldxe hhRdes Al bkoxides such

adiu Phillips-type catalysts well known in the

BN OCBLYDCALOBupwhetedrpt buty] eyl ¥O(RatHs; yaradiya fefray g
descri bed i.n Zi.eql er-Nat t . :
R e e S
AR BAG Rk abDEnieRhicpyIaketbigies duchas V(Aokc)retdl
catal ystS are also discussed in U S _ Paten

HOCLA680, wikro e 4045 o gerBA scrmata, ERepigiaed Somsplionk
g G pna SRty oPiosih mf Vi VAL B PORIPOR it Rt
hy@baitdnaadiort, plefaratlab s tto Congliphatitsort dnematicalyy dyecadnad
rl@gwtp&%ﬁg ;xse ;q%gl;p nq\gl Btggpggpyll,%({lltslfi,d pero%)yrfl,aﬂ-%lu{yllﬂgo-g&tgfﬁltertiary—
butyl, hexyl, cyclohexyl, naphthyl, etc., and vanadium acetyl acetonates.

[0081] Conventional-type chromium catalyst compounds, often referred to as
Phillips-type catalysts, suitable for use in the present invention include CrOs,
chromocene, silyl chromate, chromyl chloride (CrO2Cly), chromium-2-ethyl-
hexanoate, chromium acetylacetonate (Cr(AcAc)s), and the like. Non-limiting
examples are disclosed in U.S. Patent Nos. 3,709,853, 3,709,954, 3,23 1,550,
3,242,099 and 4,077,904, which are herein fully incorporated by reference.
[0082] Still other conventional-type transition metal catalyst compounds and
catalyst systems suitable for use in the present invention are disclosed inU.S.

Patent Nos. 4,124,532, 4,302,565, 4,302,566, 4,376,062, 4,379,758, 5,066,737,



to 17, preferably 4 to 12, nore preferably 4 to 6 of
the Periodic Table of Elenents. [0078] Preferred

W@ owvestshonal -t ype transiti oy metal catal ysts Pe/UBZI06/042847
represented by the formul a:"'MRx, where Mis a netal
fromGoups 3 to 17, preferably Goup 4 to 6, nore
preferably G oup 4, nost preferably titanium R is

g‘%?ﬁns &fo &5“5 @;@w %5%64%@ %69@851 aid peblished EP-A2 0
okl ‘o st at Timting exanpl es

at6 B35 Acland EPaAk 62400 4§6Leviu§zly aretaﬂdmmmcewp gdfey sgffgence.

(0L ¢ Fomergaly st ey B8 Tidhe S AP SRR AICY: b
-Ebﬁltdf 1roﬂ_,')r§51él arld p4Hedits) Hlystd welDkabiton & Be art. See for

, (OC3H7) 2A 2, Ti 2Br2 Ti
\«tsmpmey Sritntent @\b@lﬁ%gl@ 3247{2{5@5/ 8@3%%\4&%4 |~43:'>t7 yPkof
transition _neta cat ounds based on
ﬂ%@?ﬁﬁ?ﬂ?f ﬁ#%ﬁ@gl %%%ngnor conpl exes that are
L[@&M]H I Rid D ¢dﬁwhliﬁlat6ﬂl tiaf ethelesatalyddechni bre, cofnbinedweitipthe,
U.S. Patent Nos. 4,302,565 and 4 2,566 \A%Qf are ! .
Ieetelishcqmpqupds dhe %alaf’féow%“e?%? dIveRion. \Jof; cEpigple, se

a Ler t I fleadded.
M T e e s

Bat 1@r4 1Nl ofswhiddirar aa-,eumng uncomm@tﬂ@bﬂame’éfebepce

ref erenc cri bes convent i

TGRS s sEaonEanml e T R rotsiof P Lol sprmeounds

| Eefgiea L86R] ortcﬁﬂﬁlst/@@ﬁbﬁisliﬁ&}ﬁl% el i capabpaiondsith owd ardaore
vanadyl trihalidée, al koxy halides and al koxi des su;h

a@nmoﬁal coBlsP¢amundfoF @t@yst sysernsy | Negrhmiiéy og.of

Van mtetr n
a5 av%a%%la%&ys% Da e gérﬁﬂg}r@ll vanag@{ 1;?53}/1%@%5
a@ﬁspmt 28308482 chl 2 n3c e 0y7, 255;61;1(86316@55 3911;6603§ 395, 810

s s 385 e 2575 Sl PG hskol S0 DgPSRldhworinea
ALY Bl g@rﬁfp&ﬂ%ﬁcﬁé Qﬁlﬁrﬂy go‘}p&ﬂt@d‘t{%fare% wher e

r’ocar bon erably a
a3| phatl Gr&[p B Camlysis hydr ocar bon radl cal such as
et hyl

. phenyl AR ELIUA .
logeruc it odesiubih P csRbryromBy BRI T i wengen
Elude g oY ?@?G&Hﬁp@%%{auﬁﬁghﬁMEﬁ&yst[d&ﬁﬁbbhnds The Group

nventl ona ype chrom um cat ad‘/‘st conpounds, often
r & mmanhng compoRtd genprally inphusles atpys? & %Wﬁfabbqoﬁls for

SPGTHN P GHTRES T by PRy e oA BT Ha &k BigRE ene.
Cfi‘x"e%ﬂlﬁh L8l hiee afvagbeund to at least one leaving group and also

bound to at least two Group 15 atoms, at least one of which is also bound to a

Group 15 or 16 atom through another group.

[0087] Tn one embodiment, at least one of the Group 15 atoms is also bound to
a Group 15 or 16 atom through another group which may be a Cito Cy
hydrocarbon group, a heteroatom containing group, silicon, germanium, tin, lead,
or phosphorus, wherein the Group 15 or 16 atom may also be bound to nothing or
a hydrogen, a Group 14 atom containing group, a halogen, or a heteroatom

containing group, and wherein each of the two Group 15 atoms are also bound to a



chrom um acetyl acetonate (Cr(AcAc)3), and the like.
Non-limting exanples are disclosed in U S. Patent
wO®7/0815909, 853, 3, 709, 954, 3, 231, 550, 3, 242, OPCT/ERZN06/042847

4,077,904, which are hereingfully incorporated by
reference. [0082] Still other conventional -type
transition netal catal yst conpounds and cat al yst
systens suitable for use in the present invention are

' |§Rﬁlg ' . optioftalyeittboias to KydkddbndBRalogens @ Beteatom or
%}ng , 5 g.lmuzmg)?og 062,yqu 379, 7_5_%3,( %%5866, 73%6: 5,763, 723,
shpitocasty sr@irg 52 hefgroapnpemiagns Has, 869, 585 and

i shed EP: ; - Al

P, P el subaithtent s S ENE fobting weERedbonget,
B Pedsemdhednyith Snafty repredetittd byahd fominalaeat al ysts such as
Al Cl 3, and other cobalt, iron, nickel and pall adi um
catal ysts well known in the art. See for exanple U S.
Patent Nos. 3,487,112, 4’47%R§59’ 4,182,814 and
4,689, 437, all of which are i'ncorporated herein by
reference. [0084] It is also|contrépl ated that other
catal ysts can be conbifed wi t he catal yst conpounds
in the catal yst conpositio P\ghe i nvention. For
exanpl e, see U S. Ratentp'los. 437,299, 4,935,474,
5,281, 679, 5,359, 015, 5,4¥Q$8é;1 and 5, 719, 241 al | of
which are herein fully incorpdrated herein reference.
[0085] It is further contenp 5Fe¢gthat one or nore of
t he catal yst conpounds descr& ed above or catal yst
systens may be used in conbif*fation with one or nore
conventional catal yst compounds or catal yst systens.
Non-1limting exanpl es of m xed cat al yst sFam@laclajral yst
systens are described in U S. Patent Nos. 4,159, 965,
4,325,837, 4,701,432, 5,124,4184 5,077,255, 5,183, 867,
5, 391, 660, 5, 395,810, 5,691, 264, 5,723,399 and
5,767,031 and PCT Publication QILQBF@BOlo publ i shed
August 1, 1996, all of wRrkh ake herein fully
i ncor por at ed by refergpde. 3. ‘byp 15 Catal ysts
[ 0086] In one emﬁodLnEnLr_Lhe_canMmﬁﬁHﬁonpounds
utilized in the invention includes one or nore G oup
15 contai ning netal cata ounds. The G oup 15
cont ai ni ng conpound general ly ijnchygés a Group 3 to 14
netal atom preferably a G oup to 7, nore preferably
a Goup 4 to 6, and even nore eferably a Group 4
metal atom bound to at |east one |eaving group and
al so bound to at least two Goup 15 at ongrmmda lleast
one of which is also bound to a

wherein:

M is a Group 3 to 12 transition metal or a Group 13 or 14 main group metal,
preferably a Group 4, 5, or 6 metal, and more preferably a Group 4 metal,
and most preferably zirconium, titanium or hafnium;

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

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

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



G oup 15 or 16 atom through another group. [0087] In

one enbodi nent, at |east one of the Goup 15 atons is
wabk@o/obsend to a G oup 15 or 16 atom through amOr/82006/042847

group which may be a Cl1 to 920 hydr ocar bon group, a

het er oat om cont ai ni ng gr oupz, silicon, germanium tin,

| ead, or phosphorus, wherein the Goup 15 or 16 atom

may al so be bound to nothing or a hydrogen, a Goup 14

Alio MeCRhal ARG THRPZL s i atpm, .

cont ai ni ng g?ltr)%p, and V\he:ﬂgji gggglé%ﬁg’fﬂteﬁegéb%\g’ ngzporlg’

at onsagreorgpseeisblynd; t o acyclic group and may

' I nd.to ogen, a hal ogen, a

ﬁg%éeréoa &ﬁm%ﬁ%@%@&é’é@?‘é@fy‘g& > or a heteroatom
E'dnbabmoip g5 oF 06 Rlent 08B Lrdup we&ﬁﬁﬁjng R, mémm?,fb%rbon,
G oup .15 containing netal conpound of thé presen
i nvention FEFIRIFRpr esent ed by the formul ae: R4

(I rein: is a Goup 3.t
T3 il 19 betnt Bty nd BT ooty gt By
met alnitrpgeaf erably a Group 4, 5, or 6 netal, and nore

t ef er abl G ou tal, and npst preferably
§ H%gﬁ‘?‘ﬁ’ > %F’%ls% Ew?%gﬁﬁ MHEGHT Rhosphomygcandaeistireferably
| eavifigognoup, preferably, an anionic |eaving group,
and nore preferably hydrogen, a hydrocarbyl group, a
Reted it o imdependenthyenC: dodCsostdramefoar givly, anhadsytom

i . wh .1s 0 U | b t.).; is th
2xi asbiinids SABTpYine gy osRf eth: 2055, ghéors gogppivm,
mor e tiny, &hér alphysphbig bl?‘eférﬁlg?/ ha,ne bi&ﬂ%i&lggrg?&z %Ijaﬁtggélbup,

or the YZLlligand . preferably 0, -
mor e THTEMETIEBPYY 2 fincar, prenehedraqychi® Corto (5o elkyhermup, most

pref | &1 N e up, 15. ag1 16, €1 enen r
& oup a3 ik & REGbylrocksBor ol Bgrsinck | G B alss,pe
or gentemonumetedYo ieschothgrpup 15 el enent, preferably

I{gitro en, or ghosd?hor us, and nore preferably nitrogen;
1s absent or a hydrocarbon group, hydrogen, a halogén, a heteroatom

containing group, preferably a linear, cyclic or branched alkyl group
having 1 to 20 carbon atoms, more preferably R> is absent, hydrogen or an
alkyl group, and most preferably hydrogen;

R* and R’ are independently an alkyl group, an aryl group, substituted aryl group,
a cyclic alkyl group, a substituted cyclic alkyl group, a cyclic aralkyl
group, a substituted cyclic aralkyl group or multiple ring system,
preferably having up to 20 carbon atoms, more preferably between 3 and
10 carbon atoms, and even more preferably a C; to Cy hydrocarbon group,
a Cy to Cy aryl group or a C; to Cy aralkyl group, or a heteroatom
containing group, for example PR; where R is an alkyl group;

R' and R? may be interconnected to each other, and/or R* and R® may be
interconnected to each other;

R® and R7 are independently absent, hydrogen, an alkyl group, halogen,
heteroatom, or a hydrocarbyl group, preferably a linear, cyclic or branched

alkyl group having 1 to 20 carbon atoms, and more preferably absent; and



Zis a Goup 15 elenent, preferably nitrogen or
phosphorus, and nore preferably nitrogen; R and R are

wo pdepersdent |y a CL to C 0 hydrocarbon group, BCT/US2006/042847
het er oat om cont ai ni ng group,.having up to twenty carbon
atons, silicon, germni um n, |ead, or phosphorus,
preferably a C2 to C20 al kyl, aryl or aral kyl group,
nore preferably a |inear, branched or cyclic C2to C2

B Py ARl ECRSTPLY ohodin, VA SEBAARY. o1

each bﬁa@amnﬂﬁmmmnaggﬁm@ or a hydrocarbon gr oup,
hydr ogen, a _het eroaf om _cont ai ni ng group,

Brf f%mbrfgﬁr%@ &J ’fh%XZL Byl Lz d5vepe the qeTZEQH Hhpentire
drh%sénh'ﬂ‘gerlﬁ&apaﬁfdtfﬂgle%&lﬁg%ougp5{9 preferably R3 is

sent ogen or an a roup, and nost
ra Y, @) 1 epend t
Brﬂéi’f oL e ey b O Bt ed R B R
opg Ibe dlraéﬂwuougd Colgach @tlfey bﬁhllaj/ bt Bdurgl/6lehch @thkmhro@rgn @ther
a cyclic aralky] group, a substituted cyclic aralkyl
gioshh By %«um | gy alﬁ@b%mr@?ﬁneﬁtﬁéfrér%mtﬁmringn%é to
A0y DS NI (o Bh SURE B HgBG PoRR SRt Ay ol oter
gspdpocar bon group aCltoC O aryI group or a Cl to

[P0 21 o s Rl b S g g sl ot

ﬂlﬁyn}kl PadicH1E %9&8511%91&@@%&1@ a@ﬁqﬁmem Syl 1@@1%1@ ranéé radeh1 5

be interconnected to eac are

alh@@p@d@eht arylozl sadigals, nwltb@gndwdn (hﬂllkylaQOcm«fhcals
R ARER oS AT Ao R Ron Y SO, R ba B ot iy o

dialkiyh @atbatroyPRdivalspaylaxlyaadicalg ndylamii RaRhl) 26y mino
absent; andR* is absent, or is hgdr ogen, a Group 14
BdsAsc Uit bgd supyclis Alaylersandicals, of crmbinagan thereof

Aﬁ%@kﬁ gr%pqg QLnedBy besgﬁ@@tg{&pﬁ@% the YZL or

YZL1 IS neant t the entire
[6098Nd ahsaapﬁefdrtwd embbdimenh R4tahé RlSmuﬂgp@ﬂﬁﬁt}&a gfoup

0089 may al so be interconnected" it is
%ﬂﬁﬁ?h?ﬁ%¥ﬂgigﬁﬂN@§ Wﬁ%x%e directly bound to each

ot her or may be bound to each other through other

RrR12

R11 RS

BondtoZorY

Formula 1

wherein:
R® to R" are each independently hydrogen, a C; to Cy alkyl group, a halide, a
heteroatom, a heteroatom containing group containing up to 40 carbon

atoms, preferably a C; to Cy linear or branched alkyl group, preferably a



groups. By "R4 and R5 may al so be interconnected" it

is nmeant that R4 and R5 nay be directly bound to each
wordenespe may be bound to each ot her through op€EUS2006/042847

groups. [0090] An al kyl grayp nay be |inear, branched

al kyl radicals, alkenyl radicals, alkynyl radicals,

cycl oal kyl radicals, aryl radicals, acyl radicals,

aroyl radicals, alkoxy radicals, aryloxy radicals,

al ky| miihyl, eggl,qabsyl odibatyk gteap) sty tmadR @edups may form a cyclic
aIkOXéﬁarboayl rﬁdicalaﬁ ar Io§%garbonyl radi cal s,

car boHGYP AGET EaPeteroghelin Srogp. gihgremy the exslisagipyps may be
radi cgbmati@cy! oxy radicals, acyl am no radical s,

aroyl ami no radicals, straight, branched or cyclic,
al kyl ene radi cals, or conbination thereof. An aral kyl

POGHE, ' TS PRl Relogngll B FottiR ae R o it R are
indetepdadignd hﬁéﬂ@l,gert@yqppfopgr &s&aﬁe%o% (fobRdfng! gépl\tgéﬂ%é In

formul a: Bond to Z or & kormulg erein: R )
Yiogheg praferradrapadiraent] § IR dpeshR i, aramethyt grocy aad R land R
zgggg&.o &, halide, a heteroatom a heteroatom containing
gr oup %ontaining up to 40 carbon atons, preferably a

0 0 _linear or branche .kyl group, spreferably
fododiny 1 8 i FEliog L B i e R SR e o @ droup
gpespsed®mytht ésitowing foiinuta: gr oup and/ or a heterocyclic
group, wherein the cyclic groups may be aromati c.
[0092] In a preferred enbodi nent, .of, Farmula 1, R9, R10
and R12 are i ndependent | :%WP,Y%%W, propyl or
butyl group (i ncd i soners). |In another

i ng “al |
preferred enbodi-Hﬂt R9, BH® and R12 are net hyl
groups, and R8 and I ! are hydrogen. [0093] In a

particularly prefer ¢nbodi nrent R4 and R5 are both a
group represented by e followng forrmula: Formula 2
[0094] In this enbodipent, Mis a Goup 4 netal,
preferably zirconi umcgdtani umor hafnium and even
nore preferably zirconi'um each of L, Y, and Z is

Formula 2

[0094] - In this embodiment, M is a Group 4 metal, preferably zirconium,
titanium or hafnium, and even more preferably zirconium; each of L,Y,and Zis
nitrogen; each of R! and R? is -CH,-CH,-; R? is hydrogen; and R® and R are

absent.

[0095]  In another particularly preferred embodiment, the Group 15 containing

metal compound is represented by Compound 1 below:



nitrogen; each of Rl and R2 is -CH2-CH2-; R3 is
hydr ogen; and R6 and R7 are absent. [0095] In another
w@aswiocisba@r |y preferred enbodi nent, the G oup BEI/US2006/042847
cont ai ni ng nmetal conpound %5 represented by Conpound 1
bel ow. Conpound 1 wherein Ph”in Conpound 1 equals
phenyl . [0096] The Group 15 containing netal conpounds
utilized in the catal yst conposition of the invention
are prepared by nethods/known in the art, such as
t hose disclosed in Q 893 454 Al, U. S. Patent No.
5,889,128 and the / \ances cited in U S. Patent No.
5,889,128 whi ch ar¥ herei n i ncorporated by
reference. U. S. AppFrFeation Serial Nunber 09/312, 878,
filed May 17, 199§§ di scl oses a gas or slurry phase

pol yneri zati on/proress using a supported bisam de

catal yst, which is alsqﬁ%ﬂﬁgaporated herei n by
reference. Ego 7] A pre direct synthesis of

t hese conpo conMpMwgges ,reacting the neutral |igand,
(see for exampl e YZL or OFERRf fornula | or 1) with
MiXn (Mis a 3to 14 netal, n is the oxidation
state of M each X'\s an/ani oni c group, such as halide,
in a non-coordinati yg—e¢ weakly coordi nati ng sol vent,
such as ether, tol (yl ene, benzene, nethyl ene

chl ori de, and/or or ot her solvent having a
boi I i ng poi nt above \68 at about 20 to about 150 C
(preferably 20 to 100 OC\, preferably for 24 hours or
nore, then treating the mxture with an excess (such
as four or nore equival ents) of an(%hﬁ%hﬁding agent,
such as net hyl magnesi um brom de in ether. The
magnesi um salts are renoved by filtration, and the
ththhdmﬁmeomgblawaﬁﬂMMQMandard t echni ques. [ 0098]

G 15 t .met al
(a0 % SryPelpeRtige BeRErERuR bR AR tedaiayhg o
cofipbsiaibn bf me 'ﬂ@uenﬁ&f—‘ﬁe fp%pa@@%ﬂlh&h&?s'—hﬁ(vn\@ khe &4, such as

fornul a with a compound represented by the
th@ﬁmcm%wﬂli WS&% 43 A4, H.SaPatept Mo+ B38041 3Beand the refirences
t n_ani on Vi n

PE Ly Bl 48, s iR o B BBl e

[ﬁll Apyplicatian Serdid Mun?Rr OD/GIIZ AP)\fited Ma?flef B9y disélosd @lgas

20 to about 100 0C, then treating the m xture with

of SuEyPhate RARPEHIGR PIAGHENE 2 SURRTtedduptds w@alvﬁewhwh
%gm red enmbodi ment the sol vent

lﬂ%té@ims |t§ag;her§%)1?n gef\r/lgé 60 C, such as

[0097] A preferred direct syntheSIS of these compounds comprises reacting the

neutral ligand, (see for example YZL or YZL' of formula I or IT) with M"X,, (M is

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

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



tol uene, xyl ene, benzene, and/or hexane. In another
enbodi nent the sol vent conprises ether and/or
woreioipbsee chl oride, either being preferable. PODBS}006/042847
For additional information33f Goup 15 contai ning
nmet al conpounds, please see Mtsui Chemcals, hie. in
EP 0 893 454 Al which discloses transition netal

R o L
BARQUR] orfcibd Gl R89inRIRENHOIUAE (38 Br cxample YZL

zation. It has been noted on at | east one
ox:?kal ofifotrhvalr TonH) wiilbfa compaiydieprsenodibythedgmenlaM X,

T e

ﬁﬂﬂﬁl@%?livir@‘gr@ﬁp)ﬁﬂ@ noRNeHdiRfing By wealgY a&ﬁdma@n gowam at
phenoxi de cat al'yst conmpounds represented t

ﬁbfmt aﬁfﬁgn ﬁmmpﬁéeram at@pﬁm%w(abpw; 106 %o ithml t@akmﬂ iy

pr e er a gg‘mkctse %/l ary A t%ﬁa%e]%gtll}%ﬁr&%gﬁg{lg%?{/ne’gl e {)lgx.

mgpﬁkémld cgitodimenn tief otvht hasa lﬁﬂlﬂgcpdiﬁ&bbeer 60 %(E ysudi iy

oup, preferably a_peutral C10 may
g?‘“ﬁaﬁyx Yigte: hezsng, and/grAekane manaﬁ ef @gg?(% )

] t of R2
Fonhiod PR B BLO ANE LER %Fﬁ“g‘l’&‘*f@‘?‘sfe%ioo°

f
SPUF PRI A o s st
Py see Vit ChbmicdBLInk, inMBPy 893 4tlAt wihich disudosas yramsitidR2
@%ﬁ%@w%%w%%%%§5WWM
Ll gam Iﬂ%n%ﬁﬂbdm%@fh%f(ﬁ@hﬁllﬁc&{tﬁﬁ% g Bt BInpound is

rably Ti, Zr or ; nis the valence state of
taHewerktoadge M‘loptoeise rabpylymerization, Iohasheernoted alm atiledsy bne
?)ﬁ%agﬁ%gglgat %ﬁg althucg?ag;{s com Cc?urna%(ged att Feastcﬁ,%rh%%r pefformed

better than a newly prepared catalyst compound.

4. Phenoxides

[0101] The catalyst composition of the invention may include one or more

phenoxide catalyst compounds represented by the following formulae:

R1
R2
O0O— MN — Qn-1
R3 R5

R4

Formula (VII) or



al koxi de group, or a bond to an R group containing a
het eroat om whi ch may be any of Rl1 to R5. [0102] A

whedgeEbom cont ai ni ng group nmay be any het er oBCDIBII06/642847

het er oat om bound to carbon,silica or another

het eroatom Preferred het éroatons include boron,

al um num silicon, nitrogen, phosphorus, arsenic, tin,
| ead, antinony, oxygen, selenium tellurium
Particularly preferred heteroatonsinclude nitrogen,
oxygen, phosphor and sulfur ven nore particularly
preferred heterogtons include and nitrogen. The
het er oat omRZ sel f may be d| y bound to the
phenoxi de ri 1.5 ’B‘ und to anot her atom or
atons that are d to the p noxrde ring. The

het er oat om cont ) group may cgont & one or nore of
t he sane Olx3 eroatong. Preferred

het er oat om gr oups i ncl ude i m nes,\am nes, oxi des,

phosphi nes, etheRg, ketenes 1.0X08

het erocycl i cs, oxazoli nes, Bm 0€ @: a the |ike.

Particularly preferred heteroat oprgoups i ncl ude

i mnes. Any two adjacent R groupSs mayforma ring

structure, preferably a 5 or ®R4enberBd ring. Likew se

the R groups may formmnulti-ring structures In one

enbodi mrent any two or nore R grou I&B%erm ab

menbered ring. [0103] In a prefer Qis
wherb@nd to any of R2 to R5, and the R group that Qis

oungEq 0 is a heteroatom containing gr ouP [0104] This
R ifdtogem ons i Suo Feuppaelerabbie ity alksl gravp nyefembly a

et cvons ftoril, b paderebly, 41 CR, \RGRSDRLI o
c at aprgRetrabtpapeasral Cans Cof grdvp and\rmyt oranaynmmt alsodetsdand be

g]tg[re conpl exes known as transition netal catalysts
bas on bidentate |igands containing pyridine or

atJbHsNONd STRMBIFELL § ou%%ﬁtaﬁﬁné DAsRrARE thdRG: SMRUoR are
Patent No. 6,103,657, which 1s herein incorporated by

r ef elnémeder{ﬂ@mdqogm ova&’ 1 dorbodi |grmm pretfetrelsly acat tal Gps alkyl

C OB SRty BRI LR R eRbTihePid ool 99m

G oUpocttylodekl, abnyladsdeagi Yiendedny R 1B ltdeu@emw r may not
be bound to M;

O is oxygen;

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

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

[0102] A heteroatom containing group may be any heteroatom or a

heteroatom bound to carbon silica or another heteroatom. Preferred heteroatoms

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

antimony, oxygen, selenium, tellurium. Particularly preferred heteroatoms



of the Periodic Table of Elenents; Qis bonded to M

and each Qis a nonoval ent, bivalent, or trivalent
wW@ri0a0615% and Y are bonded 9 M one or nore oPCHUSIA6/I2847

are heteroatons, preferably both X and Y are

heteroatons; Y is contained in a heterocyclic ring J,

where J conprises from2 to 50 non-hydrogen atons,

iﬁﬁﬁfl&&iﬁ%kéﬁ, %x%en?q@hlcﬁ, Hd08) 28d QWTRir. EvesSmbensietcdlalyX,

ere Z conprises o 50 non-hydrogen atons, .
pefefred higbxpatbmsdnglodeexyigen ard wWigeIpr &feéreaeéwmz itsglf gnay be

e e e L
thatl HGbAAA6 MipHicabrisihg Blie hetasitom@niniXd Yronp mby

preferably X and J; gis ., 1 or 2; nis an in%sger from
contagn anejaFeeTeioh thegmeps diffarem hetsrpatams d'retertrs hetgrogiom

GEARIAIRE! ptE B i) SafHRRBReS P kIR, ol lines
Ieterphietipd) ok anodintd) drioethdrs, apd dsdilte. Hartanlaslylpoeferredit, Z
is preferably an_aryl group, tre preferabl .
helmeatpy FreRPSARS HIGIYTE: At jacentd gHopRs Y fms i
&Fuc&ﬂ?é,?réf@ﬁéﬁ@r‘d DBy 6 hidnfdRRd RO iERALe tht Rear6@fsthdsform
compounds 1 nc¢l ude conpl exes Ni 2+ and Pd2+ descri bed
innltites strichués Sndbokrgbediment 2y, two oxianerB(greyps derpgt form a

Q'hﬁ%lnb) Based Catal ysts for Pol ynerization of Ethyl ene
SIdMgs | J. Am Chem Soc. 1995, 117, 6414- 6415

gidsp 0himg @ Bref@teddmbodirk@ROD YO®bbEEtoi a8 0OR2 B RY| &rdehaRd
ropyl ene with Functionalized Vinyl Mnomers by
gabp tat Onit beynddgtisi heferpatonyConHENINEIFEP- Soc, 1996, 118,

080352 72 estot B b BB Gty MORR g AR P
6 388002A1, whilsh éhinsoositdd Byeteference hbteyn.i ncor por at ed by
ref erence. These conpl exes can be either dial kyl ether

gdduct s Aqditiclakgb@pechdseact i on products of the
descri bed di hal i de conpl exes that can be activated to

gﬂ@?f | ORie c8faBlsEcdipdsli®nd6f th¥ vRhfiorPal Mchudedrie BF indfe
escri bed bel ow. [Op108] O her catal yst™ conpounds

conoplexts knhwses trandidon metabtatalysis biased pn bitentate lgands
99/ 50313, .which is j.ncorporated herej : n
ForigeRe RV O ol ReERR RS SR Th R Berbtibb g P B0 e
Nb. 61031958 v&l@c}ﬂlﬁhaﬁirﬁinc&'gbﬁieyiﬂiy ref@eunds di scl osed in
PCT publications WO 96/23010 and WD 97/ 48735 and
{9196bn, Tspenepmbodimsps, thesneatalysssompaundsser reptrsgyied by the
?er\Mg:ch are herein incorporated by reference.
(@DXAYD)MQ, 1X)
where M is a metal selected from Group 3 to 13 or lanthanide and actinide series
of the Periodic Table of Elements; Q is bonded to M and each Q is a monovalent,
bivalent, or trivalent anion; X and Y are bonded to M; one or more of X and Y are
heteroatoms, preferably both X and Y are heteroatoms; Y is contained in a
heterocyclic ring J, where J comprises from 2 to 50 non-hydrogen atoms,
preferably 2 to 30 carbon atoms; Z is bonded to X, where Z comprises 1 to 50
non-hydrogen atoms, preferably 1 to 50 carbon atoms, preferably Z is a cyclic

group containing 3 to 50 atoms, preferably 3 to 30 carbon atoms; t is 0 or 1; when



[0110] O her useful catalyst conpounds are those G oup

5 and 6 netal imdo conpl exes described in EP-A2-0 816
wQ@7aed9d). S. Patent No. 5,851,945, which is PCT/US2006/042847

i ncorporated herein by ref,erence. In addition,

nmet al | ocene catal ysts i nclfude bridged bis(aryl ani do)

G oup 4 conpounds described by DDH MConville, et

al., in Organonetallics 1195, 14, 5478-5480, which is

t i8Qr AiiP aibRideip YraipSdineY 16 &f BERBAE of K1Y a4 'ﬁréi@ﬂ\bbbK'aﬂQ qd
|s(am do) catal yst conpounds are described in

q o6} 972,39is apHpterel Komdr tei hdensading ondhe exigytionestate @ﬁb/é In

o Ut HRASH ISRl & 15881 &r ARRET PR A2 BERENY I Ukter

25C ni trogen
embbdipdedtd vherh XC s infirdges wrpslicaplestolte GRnnZ by prededt. erlﬁean
Qt her useful catal ystscontaining one or nore G oup
enpbasiigenin € WoRreermbde a8 S5 s19uR MAropyeGurblp %@bsmte@harwk
ggé_el n incorporated herein by reference. B. Supports,
riers and Techni ques [0111] In one enbodi nent, the
[0t8T]al y $ttis edthpothe s¢ape of thit Inentivne it orerenibodinushe,shacatalyst

5B eARUEE et SR e B R RS

et %P MRQs PHED)- &&Rm?ﬁﬂfarﬁasecp Cﬁﬂ‘aﬁfsﬁ%ﬁ’Pél%eﬁ%ﬂoﬁ Rt Bthylene
ound and/ or the catal yst conpound, is deposited

dtéld Ghar Soeal996] ¥l 6(%\2,445»4}1S'cmldcielinﬂoo3 etat.,

“ d b bed
éol? %%“pﬁ% A rthgané flﬁgl)}?]’y ev(‘)’rg]& EB% {On lﬁﬁrl s any
M@ﬁoﬁlble bgmau@diﬁmgn)a(tatswﬁfo Ut ARBEREh. 0%, 19’969f1$8 ay7y2eshe
rted mater S por ous su port material , for
erg P s Agarit s £5464 960 SRR L asent Nos.
5,850,049, 488 6% A s SHPDRL (iDL e Bl Srch RhiY ook ibiaR S
uncti ona ed

ugporf’ material s such’as rene
refnrem:eo g hbserdoﬂqbleaegaam (13 Stlhpmlalkg?l ethdar(akidws .00 hikslaygdene

redRap e S B s ool ihe Gp B6 RBR YRS o
caEﬁHﬁl@@fatte PRihe %b@at&’@ Gf fhli‘seinjvélﬁﬁn d@ﬁcrf%f beibRs thereof.

13] THe preferred support materials are inorganic
[0698]d e s Otlheatcatalyst Qmm)omhdsmcmg thos@nicBel camplexed @esoribetUin

é EO id Sh .The ref redég%orts i nclude silica,

W:ﬁ % o VBICh AR nCorReTalel heKsin By 1% uned silica,

[0209]M NAI{MBLIAGDBAE Bibke diihnliieise KHnARo PO UPISED U0 @Fetal
t hereof. Ot her useful supports include nmagnesi a,

cafalysh Gprpounds disalosed imdi§neRulivaiéonsdV ORS/33016andb@nt  No.
9P4$B3 Ad albson, et al., Chem. Comm., pp. 849-850 (1998), all of which are

herein incorporated by reference.

[0110]  Other useful catalyst compounds are those Group 5 and 6 metal imido
complexes described in EP-A2-0 816 384 and U.S. Patent No. 5,851,945, which is
incorporated herein by reference. In addition, metallocene catalysts include
bridged bis(arylamido) Group 4 compounds described by D.H. McConville, et al.,
in Organometallics 1195, 14, 5478-5480, which is herein incorporated by
reference. In addition, bridged bis(amido) catalyst compounds are described in
WO 96/27439, which is herein incorporated by reference. Other useful catalysts
are described as bis(thydroxy aromatic nitrogen ligands) in U.S. Patent No.
5,852,146, which is incorporated herein by reference. Other useful catalysts



nmontnorillonite (European Patent EP-Bl 0 511 665),
phyllosilicate, zeolites, talc, clays (U S. Patent No.
W®20346158¢) and the |ike. Al so, combinations oPCT/IE®E6/042847
support materials may be ugﬁ?, for exanpl e,
silica-chromum silica-aldmna, silica-titania and
the like. Additional support materials may include
t hose porous acrylic polynmers described in EP 0 767
cbathi j IS : i.n ~ref.e
S i S 5 BOER R LR 15005810051
wieiele isiliseqdn invoROTathe@8ih b7 5Brenaer ogel s as descri bed in
WD 99/ 48605, spherulites as described in U S. Patent
BNo. 5, 98@piois, @adeany Metliéqegads as described in WO
99/ 50311, which are all herein incorporated by
[02f1gr enbeore(hdisbllinhdnt, the RAEL & DRDoLiAGH of (1€ .iﬂéﬂﬁﬂ{ includes
material, nost preferably an inorganic oxide, has a
AYPPQt matgriahor %rqueanquérabfy iheludessboppori@l dctivatbo Ufor

in the ran rom about 0.1
<Faplebt @ egfRLoofPoifion Db st rEreBluhe AL AR Chmpotna
andfog theahtalysocomfaintl, 5 dbsosabOi, RRRACEMWilMOYSorized with
b%rgferablé}{, the surface area of the support materi al
oadqd o, grdncorperated within pilsgsbrst orsiserbediize ot 015 @GUPIRITGYT
cR@feg vol unme of from about 0.5 to about 3.5 cc/g and
average particle size of fromabout 10 to about 200

Mo . ace area qf the rt
(07%2) 05 Pl floial Rn? BE bR RER Rl w5 B
Pagforabi/the supporied niateniel i heoTcHe Quibpd BateAalaRR kamdple, 6/ J
.and aver.age particle size is from about ?3_ t o about 100
1%“%%’“3%&“5@%“%% chlpridese Otheresuppgrt meterighs inglede

rdsioRB i | | ot Shal nge;. of ,from
T Re SRR, Wi PoBRb fre Afcrdhaligh 3R
OfgaBiceuppitis, IEhtas palystyrens Sipinyl[bedddnb pblyelesiup pOpdlymeric
C%%ﬁgurﬂdal S HP%TFSG treateqd chem cally, for exanple with
A PTUOP T8 OB 0¥ OHES BTSABEPT TRy QEIPPOY eEterigh padh
thedikeesemixtires@eRerat ed by reference. Qther supported
activators are described in for exanple WO 00/ 13792

[Q143l [ Fhepsefered smportmenterindy om inwgdnic oxirdes thall includecthdse

X I referyed enbqdi ment,. fu .
GEAL 4, il B4 bl I b e B et g
WhiShG6; orauay hatlbeeehydire Cabntd SHER ABhing (WiF99/bh0333,.ed
.@S a]InucI e tl’g(%gagent or as a viscosity builder in the
sifGe 2pueRa R hetear rQher wieh Sepbasisiiosbidsusgssia,
tishlal Sifcon®s, 1ABh&Alh ¥nPridd [ ' rdiGles 7 to 30
1nar?om_et e?aé In si ze}é}tﬂgggé ggga%%{%lﬁ%gr?éﬁégﬁw\?\ﬁt h
m@nimearHipnge (Furdpesin|Ratant EPRich 5t hé65)aphyllosilicate, zeolites, talc,
clays (U.S. Patent No. 6,034,187) and the like. Also, combinations of these

support materials may be used, for example, silica-chromium, silica-alumina,

silica-titania and the like. Additional support materials may include those porous
acrylic polymers described in EP 0 767 184 B1, which is incorporated herein by
reference. Other support materials include nanocomposites as described in PCT
WO 99/47598, aerogels as described in WO 99/48605, spherulites as described in
U.S. Patent No. 5,972,510 and polymeric beads as described in WO 99/5031 1,

which are all herein incorporated by reference.



majority of the surface hydroxyl groups are capped hi

anot her enbodi nent the funed silica utilized has a
w@anriocises si ze of |ess than 40m crons, pref er abCYUBBE&042847

than 20 microns or preferaljy |ess than 10 nicrons.

[0117] In a preferred nethod of formng a supported

catal yst conposition conponent, the anount of |iquid

in which the activator is present is in an anount that

[0B14] €S STt id\@aBfefed that tieaappdiemprerial, woktiprefendbly einsrgapior t
material, nore referably | ess than tr#ee times, even

opﬂﬁeehwewzéﬁa%wa Tcthe rangs AT friges BPReD togheytdiO0 48/ B-A08R s
Yi t%? @né 3‘{ fﬁbﬂ%ﬁgﬁtcb Booatol{ 6 cE/ réﬁ@ a%}ggér;%ﬁcle size

er a t Ines r a
ia kﬁe&ﬁfﬂ@ af\fﬂme Al 5 e about 5@ pariviote pméfetabtw it surfagehare

ofsiopor mpirial R fhvaotse At B o0 hout 500 MR PiFe
Jo'ﬂnﬁ@&f‘ﬁ&g abO\R 059 RPB6LESS 8%k 'aﬁ@ﬁ%aée%ﬁﬁﬂle Ero6Efsth @Bout

for neasuring the total poré vol une a porous
1utp pbott 280 grweMostipefarablyrnthe h@fmetarea[oéﬂm Juppert maraiabis in

h d \ol
dis e Ftn g AB R HeRE AT s PordRelile fom kgt fiec
a%6§f5§0 cé‘/g Qfd a&eﬁg@%a&ma@blwlsﬁﬁn peERS t6 2bQM) 00 Jib. SThe
preferred procedure involves the use of a cl assical

ABERga pprersiaeps theorarigriof @geenv%@a tyisadly happerersie hherarse

A P LR B o 8556 SUPR B E O
dbloqwid)ATl tration, VoI 28, No 3, Anal yti caI Chemi stry

332-334_(March, 1956). C._ Act Act t
e ThbSomerhaout et Fat el el B bl hine

fmfd%'cofngl 6e¢Pi da% deBMRRE '119W(§ 80/1256 R Ghichak Beteinin¥@porated by

ways t conmpounds havi ng a vacant coordi nation
ﬁfdrmcbh ﬁlthemshppoct@d ackivaiire arej dasmbled irafod epahplad¥ ©28/13792

t?k@ n(s). Fo rélFoses this i vent| on, the

y er%\@tslugﬁ’tr&d ”i“HE%Isﬂflac?é W%n’pound whi ch
pafpepact Eﬁfﬁﬁﬁfﬁ'ﬂéﬂ &ﬂlﬁ)dﬁﬁeﬂt' RnfedsRicy §Yaikeraidetihe trade
descri bed herein by convertlng t he neutral catal yst

mamq)@ahmhﬁ”bT&@@,taahljﬁhl@ﬁbmﬁa@et Cv@or?@pa Il%ﬂs‘fthzééﬂﬁi an

aund. Nonlim.ti vat exanp cl ude
BRE A SR AT AP RAL ™ g s bRl TEREA Y
b EEdRYoW eFlﬁﬁéﬂ §iBéa Bhypi sildadvigoparaeits Deado t ype
cocatal ysts. 1. Alunoxanes [0120] In one enbodi ne

nﬂn@mmmmlmhat\lm been teated yith dlﬂ@&l}é%l}'&hdﬁ%@@ev%% Fhat a

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

[0117] In a preferred method of forming a supported catalyst composition
component, the amount of liquid in which the activator is present is in an amount
that is less than four times the pore volume of the support material, more
preferably less than three times, even more preferably less than two times;
preferred ranges being from 1.1 times to 3.5 times range and most preferably in
the 1.2 to 3 times range. In an alternative embodiment, the amount of liquid in
which the activator is present is from one to less than one times the pore volume

of the support material utilized in forming the supported activator.



in the catal yst conposition of the invention.

Al unoxanes are generally oligoneric conpounds
weoenwwassvag - Al (R)-O subunits, where R is an BCRYB2006/042847

group. Exanples of al um)xig§s i ncl ude net hyl al unoxane

(MAO), nodified nethylalu ane (MVAO), ethyl al unoxane

and i sobutyl al unoxane. Al unoxanes nay be produced by

the hydrolysis of the respective trial kylal um num

un '

B ootk RSB Rl b WImPYFE RO St are
wsll knows obthe gitaDetails ofrond\dfilitse praveduge valisibsed iVelume

ubl.e in i.phati g sol.vents an re stable during
EtpagaenenBeubary Cordlivs Bespaet sedronis Trop 96bbar | ng
@btTECR BedPihelBIiok). ePhia bR ANRScedMRNAYdI WSl thd ke of 2
exanpl eS of ich are described in U S. Patent No.
dJasw8l BEE apparese f@affrogsp @bsorpé®, And?ig niind SelPRekywid @,

4. 734.. 4,.924. 0 908, 463,..4.9 827, 308, 815,
o353 (350ch BT Rl 98t Paich Pergh o Figd oot
8aldBdis BIigiad I¥karw29Vob 2@,9[3@.85?;&ma§t12§3<;}%§§str;5337233134451,
5,744, 656, 5,847,177, 5, 854, 166, , 856, 256 and

@19 1826)- and Eur opean publications EP-A- 0 561 476,
EP-Bl - O 279 586, EP-A-O 594-218 and EP-BI -0 586 665,

- G@nd PCTAstistdrs and Setivaiion deti@80 andWD 99/ 15534, al |
of which are herein fully incorporated by reference.
Biht?]her Tht polyrmnieation catabystcémpeinde tdefill ia khiswameon can be

LR 5 SR e TR G S

tvtll bR aRes ﬁﬁ&ﬁ{m&%edl&ﬁm NGRE tﬁ%gﬁﬁ;ms JOHTRE"
US 5, 041, 584). [eg}ll21] um num Al(ibyl or rgangal um num

igventionnits taxm ‘@tivagr” iedefined o ksanysconpoindwbich can ettt

i . L tri.et hyl.al um nu .
AU b AL T O By v e e
datalysn eapoiinal tt Bicatalptiafty Adtive catkBst chtioh 66YhBgdid. Non-
Activators [0122] It is within the scope of this _
iR eriavters foserample, dntluderiiumpxavesiabimiwetallids, ionizing
REVANAL Qhich HeMepn@hl drOQHi€ and %ﬁll?ve ﬁ ﬁ%—'t%%o%’tgwg)s.
amoni um tetraki's Fpenta dor opheny S) or'on, a

trisperflhﬂ%)?aggsenyl boron netal |l oid precursor or a
1l'ri sperfttltuoronaphtyl boron netalloid precursor,

B P L SO1 e SR v
ih ey @dlyst bémp&si@brBeX thé toRbMidnh A 18 ORSheRbrd ftinsrallpyvent i on
to use neutral or ionic

oligomeric compounds containing -Al(R)-O- subunits, where R is an alkyl group.
Examples of alumoxanes include methylalumoxane (MAQ), modified
methylalumoxane (MMAO), ethylalumoxane and isobutylalumoxane.
Alumoxanes may be produced by the hydrolysis of the respective
trialkylaluminum compound. MMAO may be produced by the hydrolysis of
trimethylaluminum and a higher trialkylaluminum such as trijsobutylaluminum.
MMAO’s are generally more soluble in aliphatic solvents and more stable during
storage. There are a variety of methods for preparing alumoxane and modified
alumoxanes, non-limiting examples of which are described in U.S. Patent No.
4,665,208, 4,952,540, 5,091,352, 5,206,199, 5,204,419, 4,874,734, 4,924,018,
4,908,463, 4,968,827, 5,308,815, 5,329,032, 5,248,801, 5,235,081, 5,157,137,



activators alone or in conbination wth al unoxane or

nodi fi ed al unoxane activators. [0123] Exanpl es of
woewrneds9st oi chi onetric activators include PCT/US2006/042847

tri-substituted boron, tellurium alumnum gallium

and i ndiumor m xtures thef@of. The three substituent
groups are each independently selected from al kyl s,
al kenyl s, hal ogen, substituted al kyls, aryls,

i [ ,7qal I Py&f erabl ree
e T L T B Bt e R
.84 TlITT,i5c8561 166, §,B MR MdindcS, 99, Jisand tHutrafeadl pulslioations EP-A-

B 7o 381D 2Bk, PO S AR S HE R B i SBebenpbRCT
PULNE o WD 94810080 Snd S0 29/21 %5543 afl Of GA[dARe ﬁérgﬁ{gﬁrm

al koxy groups having 1t carbon atons an

Beonpratadi mipraice o ARothenalbmaxartedsrs nddifiddudéthyl alumoxane

QMBI MhS BRI S A i B
naiRt theltrade nithy Mud@Sed MetheRium a8 tyFRRA, RERE&! @iy patkite

three_qgroups _are hal ogenated, preférablyfluorinated,
11’3%%05:8&.,5%st preferably, the neutral

jchi j i ' I fl henyl boron
L AP AR IS Bl b RS LSRNy B8
atiliopd s activetoss include triahdthylalmminies,arictheBhiniinwdk] ch one or
nmor e _hydrogen ato of  the alkyl is replaced by .
‘Eﬂﬁ&gﬁtﬁa?‘a?@ﬂﬁh gheﬁl%éﬁaM%&m-ogvkﬂm@%@m thelée-
ryl, cycloal kyl,, substituted cycl oal kyl, and
gorrbi nat9Has AKEYHSE. Exanpl es of substituted al kyls

i ncl ude, for exanple, benzyl, trifiuoronethyl and the
10138, [ BiswjthingAe scopeeif #1is mventiondo ast anviehzing@pounds

. N, ' t h ti .
BB RuPRe BT oBlomle Bt 4 DEBYED My Wl
(pouiafigrogieayl)ibosingd trisperflubfopheiyibbioRtnétallbi@ brdcifor or a
i.onizing c mf%und. Such.conpounds and the |like are
t&é%f‘éﬁwglaaﬂ?w orougaeialiold pracumer. palyhapemamdirterggane

A - A P 0 L
ERE ST R 405 o 35 Sip YR cfpation
thiersof. 9t 55 B30 MGiThin Thelse8peddrithis n@hfior thlyse meRtdd ot Lohic
5,..241, 025, 5,384, 299. and. 5,502, 124 d.U. S.. Patent
RAEAP A5 97 BRGSOk or R oK,
abQ94torsal | of which are herein fully incorporated by

reference. [0126] Li a preferred enbodi ment, the
[81%] c hi Breraples ofrauirebstoickiomatricwgtivators include tri-substituted

boron, tellurium, aluminum, gallium and indium or mixtures thereof. The three
substituent groups are each independently selected from alkyls, alkenyls, halogen,
substituted alkyls, aryls, arylhalides, alkoxy and halides. Preferably, the three
groups are independently selected from halogen, mono or multicyclic (including
halosubstituted) aryls, alkyls, and alkenyl compounds and mixtures thereof,
preferred are alkenyl groups having 1 to 20 carbon atoms, alkyl groups having 1
to 20 carbon atoms, alkoxy groups having 1 to 20 carbon atoms and aryl groups
having 3 to 20 carbon atoms (including substituted aryls). More preferably, the
three groups are alkyls having 1 to 4 carbon groups, phenyl, napthyl or mixtures
thereof. Even more preferably, the three groups are halogenated, preferably



cation and an ani on conponent, and nmaybe represented

by the following fornula: (L-Hd +. (A d-) . (X
wob@resrs9e L is an neutral L W s base; H is hydromes2006/042847

(L-H)+ is a Bronsted acid is a non-coordinating

ani on having the charge dd is an integer from1l to 3.

[0127] The cation corrponent (L-H) j+ may include

@Io%]ﬁ{eﬁ ar?f%glzq% Oﬁlé ngt'i sQﬁ Rah&Hc L&Wabor is

ases ot capa protonat| ng or
taibsdrflasbplnaybbaoron et tyl,spaﬂubroaspthyi hmkgd or aryl, from

he bul ky | | G . .
T A8, S50 oy ST SR B or
(5 Riaforhd G Elkﬂris f@i‘a‘lé%'ed 59 ‘ﬁﬁétﬁéﬁ gr&%ilﬁl%h ad B ﬁalogen aryl,

ating cation - onsted acid
scuhptatbteé anyfl, cyotvatkiyh gubsuprtcd owlq&xlmdtmmbmanpmthmﬁl

G o BT SR £ ot URE, hiBRrTRo Rlama

Bk ik urrs and m xtures thereof, preferably ammoni uns
of nmethylam ne, aniline, dinet hyI am ne, diethylam ne,

128t hy ileme S@W@OWW}W plarPerapoundp ﬁ‘i@b’l‘iﬂ“ﬁm FReactive
é{g oﬁy%{ gﬁe o é:rl:}nl‘l%lie Qs'sgﬁatg%lvztg' l!)\l’:’)c'?lg'% %orcr)édmated to, or only

Dodéiv i:dmmhyﬂeam |the"1emahmﬁg ioh @f MeNonlizingtchyipamid. | Sieh

h h f.
darmshERy b Bk s dessredic REApFIBLFHtogs EBsrh 52

EP-%D 850955 EIaM 455 5’75”?:1*13’1 LG, 9&4 iRy b7 E60%4nd EP-A-

tetrahydrofuran and di'dxane, sulfoniuns from
6 A7 0edhend U. &lI’catenaNosllb'eIﬂrfiy]bﬂ m%&,ﬂt}}]hﬁg)@ﬂél 5,206,197,

o O P 2 PROT B0 T T T Pl B B 2 i ng

ORLS3, ¥R(5 Hildd ASousi 3,604, AIRIREIENIAE hefelORYllyitBrporated by
car beni uns, ferroceni uns and m xtures, preferably

whtbwsi uns and ferroceni uns. Mst pr ef er abl y (L-H) 13+
t(ﬁz%]r | plj‘f )f)refgr%(f)e%%olﬂrﬂlent, the stoichiometric activators include a

cation and an anion component, and may be represented by the following formula:
(L-H)~(A%) X

wherein:

L is an neutral Lewis base;

H is hydrogen;

(L-H)" is a Bronsted acid

A% is a non-coordinating anion having the charge d-

d is an integer from 1 to 3.

[0127]  The cation component, (L-H)s" may include Bronsted acids such as

protons or protonated Lewis bases or reducible Catalysts capable of protonating or

abstracting a moiety, such as an akyl or aryl, from the bulky ligand metallocene or

Group 15 containing transition metal catalyst precursor, resulting in a cationic

transition metal species.

[0128] The activating cation (L-H)s* may be a Bronsted acid, capable of

donating a proton to the transition metal catalytic precursor resulting in a



[0129] The ani on conmponent Ad includes those having

the formula [ Mk+Qn]d wherein k is an integer froml to
wW@200m/0689@n i nteger from2-6; n - = d; Mis aPCPEUSIB6042847

selected from G oup 13 of 2e Per| od| c Table of the

El ements, preferably boron™r aluminum and Qis

i ndependently a hydride, bridged or unbridged

di al kyl am do, hal i de, al koxi de, aryl oxi de,
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atons, nore preferably each fluorinate aryl

glslh}@pnethnldmdms,tp mtr@fl‘éﬁ\bwz;sﬂeé@hh@, pBosphpanma fiogor y|

B SR et Wiy b o

6théd dudPd, dlﬂqath@hemér dieth Metharcrotrflgided fachnhad aidxaﬁey
reference. [0130] Most preferably, the ion

siEmarmphienthiocthers igh av dl@tllymhéoethe(rs@cy tefrahydrothiophene
PhNAIRL B! hEhLE) LRORRL I AP BRONE WO QR EifY

pheny car eni um tetra(perfliuoro borate.
@13 buchras sﬂeerga:dnbxdnms; ttropgiliumaotarheaitunog feretchiodms shdg

i onl Zi nl%&% i}g ound %tep?%a%ﬁa’r?f@%ﬁ’d&'ﬁ)d is

qg%@hhqgﬁ@gu&gtalyst catlon and their non-coordinating
anion are also contenplated, and are described in

[H28] 0 TR@ngdonpongat @mdmmmvmgshe Ergmarie [MOQaI™

e L S

él%hieﬁﬁéew’cﬁedl ffeh Giteug T@6ﬁh@9§1ﬁ‘dd1@$%lb Bf ﬁl@’Elﬂﬂﬁh& @adfeably
WO 98/ 07515 such as tris

heneafor absBRpHag/Q Js 1ﬂ¢%ﬂé@%rﬁh¥éﬂée bpdedombridged i on
8%1%21(&' Ilﬂ&lﬁé %%E@él 4 Jx?déqh é’ro 'ﬁ{)ﬁr ﬁﬂ)@&tutﬁd htyéila)cgrbyl

‘ons of ors ar tonte
hislecirbylesibistitneditatocantyiyphé hala!;u]mﬁmmddwdmmirhw mdzaaisg said

B5AYRiD 0 BUISRALCRT BIE N o FPELE TARERAES $8 L4044
T L
[_haxzuﬁg]l @20 earbew atowts) momlref@abbr gach (eis@i fhorivated aiyh 2ia0p,
98(4 gl%gtgp(sréfera%?f cdef r(fls a pentafluoryl aryl group. Examples of suitable A%
also include diboron compounds as disclosed in U.S. Pat. No. 5,447,895, which is
fully incorporated herein by reference.
[0130] Most preferably, the ionic stoichiometric activator (L-H)d+‘(Ad') is
N,N-dimethylanilinium tetra(perfluorophenyl)borate or triphenylcarbenium
tetra(perfluorophenyl)borate.
[0131] In one embodiment, an activation method using ionizing ionic
compounds not containing an active proton but capable of producing a bulky
ligand metallocene catalyst cation and their non-coordinating anion are also

contemplated, and are described in EP-A- 0 426 637, EP-A- 0 573 403 and U.S.
Patent No. 5,387,568, which are all herein incorporated by reference.



herein by reference, which describes activating bul ky
I i gand netal | ocene catal yst conpounds wth

w@eoclhbBp@t es, periodates and i odates includi nECT/IBI006/042847
hydrates. WO 98/ 30602 and WD 98/ 30603, i ncorporated by
reference, describe the us&3of |ithium
(2,2 -bisphenyl-ditrinethylsilicate)"4THF as an
activator for a bulky ligand netall ocene catal yst

é:onpoungdd%ﬁgngl%&ﬁ&%% hi ncor porated herein by

I'ef erence escri e use of organo-boron-al um num

EP- Bl d i i.ng..
B3 1 ootiSieet Nl i B et R i Toh PEOBPEPRI ng
TPOPBAS ishétLasanlh @) 2’ AS BenalRbiBiheRf]) AGbroiabdifie, WiGdh as
usi ng radi ation (see EPBl - O 615 981 herein
nuebiestisariafdly lbgprp@ﬁ@d dared) by wif@enqeo Condigagigps of activators
SRR SR RB 6 b RSl ARG AIRURL B Ao

dedvitoslin bonlnkiﬁaimrgam ﬂ‘iﬁé}@iﬂp&g‘ ®PeB 1: a5al ¥20, ROINpshilioakics
recursor to_ a met al | ocene cati on cag&bl

b5 and i B bt 3o Bt rtebNoy a1 lgp d 35 pnrs
4108 8L ¥Rte LA Cl?‘i%&%pérh@? ‘B? r%feﬁl:% ocene catal yst

conpound are exa e, U S. Patent
Qd33] 5, &&r%&mbléacﬁﬁﬁto&ﬁﬁe dmdloEed&ﬁQN 023/099d6 \Aﬁ):orporated

98/.32775, WO 9 246 di b
e R A AR R
RSHolfdLkiih pACRIRAEAD&TbdRMs %ﬁd RIA8RS trchlddiedfbir Ap@LRREr
suitable ion formng, activati nggcocat al yst conpri ses

W98/80682 @déﬁel%l‘ﬁ%oéﬂn@ﬁfwfﬁ@d @plereaps] dgscribe the use of

BRAEPLE e EROPALS BB BRI SRR Bt it

1964 hidta{m)céﬂﬁm h‘dnﬁﬁo@hdc hROI®/ 18138 fincd@pdrated Reteitt l%g er
from1l to 3; and d are as previously defined.

Efcaengredeseribes éheu usa |0é oxgeherboroncplagvmsacitivatargleEP-B1-0 781

e e A S
qnaiiblesinjond Xlid) eskivdds b f betbraeoh sioh s hsinBralisioddsechr!
cont ai_ni ng activators, especially

BEOGARO8L persinincerspiafddnyeiosaca) elecqrmlseljncaﬂtowa@lﬁnﬁnd
06K &%&?so%fon{eg{ atéci‘élsee[&hkz&{hgtlﬁé’tho&afo?{h\é?hrﬂb@é@&%%&nng

can e conbi ned one or nore activators or activation
the nbwichd bdkydngaﬂnbmetaﬂows chatys‘eoommiuad oapnewrbmrrtatalbmﬂcyof

activ S ha been bed i n

B s ta o spauko ik et bt gt eser o
BéBod?0r a@tfvauﬁ’g bﬁmpllﬂgaﬁd in@ﬁﬁoé’é@e 42 R 6028RNAd ¥R

95/ 14044. These docunents all discuss the

described in for example, U.S. Patent Nos. 5 ,849,852, 5 859 653 and 5,869,723
and WO 98/32775, WO 99/42467 (dioctadecylmethylammonium-

bis(tris(pentafluorophenyl)borane) benzimidazolide), which are herein

incorporated by reference.

[0134] Another suitable ion forming, activating cocatalyst comprises a salt of
a cationic oxidizing agent and a noncoordinating, compatible anion represented by
the formula: (OX°")g (A%), _wherein: OX®" is a cationic oxidizing agent having a
charge of e+; e 1is an integer from 1 to 3; and A, and d are as previously defined.

Examples of cationic oxidizing agents include: ferrocenium, hydrocarbyl-



use of an al unoxane and an ionizing activator with a
bul ky i gand netal | ocene catal yst conpound. 4.

wexppostsedl Activators [0136] Many supported acPCUHEINNG042847

are described in various Qﬂtents and publications

whi ch include: U S. Patent™No. 5,728,855 directed to
the form ng a supported oligoneric al kyl al um noxane
formed by treating a trial kylal um numw th carbon

Wepd i 0 +Y SHS & Bre8Rdse 109
S e o L means
amiaskepregiondy defiwad-wigtdrespert fodhp Bomsted;acld. c@ntaprn g adiviiors,
5,731,451 rel ates tp a.process for nmaking a supported
especially istakis(pen %‘i‘i’Hﬁ‘?”é’Pg% % a trial kyl'siloxy noiety;
(0435 Pat §fthin¥Re scop8 Bbindivelita B @atalysl ¢onii®udds can be
supported auxiliary catal yst (alunpoxane or organoboron
combined nuk omrnore] agtiedtend or estiyetien methwdadescpbukahgrveskony. s,
Pat ent No.,.5,.739,368 di scus OCe. f
oFEe TSR AR A A Dl aa e R e SRR NS . o
5945 155 2nd §48% 850, (Riréstdh pabliatiti BPIRICE 673 120, ané BEGfor t ed
al unmoxane and addi ng_nore net hyl al unoxane; Lfgﬁ Pat ent
prlicatiens/HE) 24'{@793@@8 V0P 51d944y; These dognpentsall dipouss the
co St f d j
TR o i 1P| TP WP AU ATA SRR GH RO
caelybydoatponmdane; EP-Bl -O 662 979 di scusses the use of
a nmetallocene with a catal yst support of silica
4r eact edsudpbRec@AbtiRX@8e; PCT WD 96/ 16092 relates to a
heat ed support treated with al unoxane and washing to
[mtgve Wk g&q)goﬁwammm arbldSscribad Bhtaridespatdnt®dl 075,
4,937,301, 5,008, 228, 5, 086,025, 5, 147,949, 4,871, 705,
pShlidionsehich edsiead .S. Batge Nop5:728.885 Jirested terhe fospepgicT

WO 94/.26793 al |, diyecte [ . : a
suipger pleoHed YsfiapRihiEnt ByflbI kel GLIORARGIHS, 0
vith Grisdnneritlepriedb inyaiobysishos. Pgtcas Nocs,83 BH09 and 5,777,143

distribution of alunoxane on the silica particles;
discassepa sunportpdmethylpdgnexspe Fradaflé@gtaéloa-gﬂyﬁ@l&lcﬂﬂ??éﬁwt ed

[@5 g%%a@ %&) 3{’7@ 1 3941 15 Q40 THIrBLds® ?&gﬁl@%\ﬁu alieN4luMexane

scusses treating a s al umoxane
byretyatation withngrialkyitleaty moetye U.SPatent Mo 4,866,855 digtussess
to .a process usi.g a Irgjt a{allyocene on a s orted
Forming P AVRAAS A AR CArT YR (IR R pRERIGHOTEN SRPLY) %

eftivafed Sefferhtifes 4HE pREsResTeL SUHRHE NS, 57199,36S diRABEdRd
acti vator; EP_-BZ-B 170 059 relates to a pol ynerization
mwocsestheatireaging alm@anemiﬁacangjlt@n@rsgnpm’§;£ e Ghfdnd 52

rE1afe8 ?ougcgding a metallocene to a supported alumoxane and adding more

methylalumoxane; U.S. Patent Nos. 5,756,416 and 6,028,151 discuss a catalyst

composition of a alumoxane impregnated support and a metallocene and a bulky
aluminum alkyl and methylalumoxane; EP-B1-0 662 979 discusses the use of a
metallocene with a catalyst support of silica reacted with alumoxane; PCT WO
96/16092 relates to a heated support treated with alumoxane and washing to
remove unfixed alumoxane; U.S. Patent Nos. 4,912,075, 4,937,301, 5,008,228,
5,086,025,5,147,949, 4,871,705, 5,229,478, 4,935,397, 4,937,217 and 5,057,475,
and PCT WO 94/26793 all directed to adding a metallocene to a supported
activator; U.S. Patent No. 5,902,766 relates to a supported activator having a



which is fornmed by reacting alumnumtrialkyl with a

wat er contai ning support; U S. Patent No. 5,212,232
waelk@ceses t he use of a supggrted al unoxane anBICHUS2006/042847

net al | ocene for producing yrene based polyners; U S.

Patent No. 5,026,797 discusses a pol ynerization

process usi ng a solid conponent of a zirconium
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5 hydro?arbylalunnxane using,.a porous organic, or
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di scl osi ng Useful supported activators and nethods for
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S
ViR YGRS b o ies g ik A AR R vatmest e

pbort &Ya,ter&9 5902%@2(46 ABQMsseesiticd thesedawiti 8 8MaGow¢ontaining
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hbtfrb gmeouisecm]]apmgsﬁgll Qﬁr?e s?upgdnylﬁdzra]dalllrmomm ané a pretdltoeaies .S,
Bisans N 50T TR ERCuss { Moo SO Skering apolhaatoserty+
aﬁﬁlbyml dgfﬁg&%@o@rb@gﬁna@ﬂ 1ﬁbﬂg@ﬁ1@ nﬁblbélé ﬁ%ﬁﬁl O.8roag Nak.

anal ysi S of a chiral alkene polynerization

@é{r@ﬂ@ﬂs@nd hEWhPdrralatas t9 A praeess for preparing one or more

alkylaluminoxanes immobilized on a solid, particulate inert support; and EP-A1-0
819 706 relates to a process for preparing a solid silica treated with alumoxane.
Also, the following articles, also fully incorporated herein by reference for
purposes of disclosing useful supported activators and methods for their
preparation, include: W. Kaminsky, et al., “Polymerization of Styrene with
Supported Half-Sandwich Complexes,” Journal of Polymer Science, Vol. 37,
2959-2968 (1999) describes a process of adsorbing a methylalumoxane to a
support followed by the adsorption ofa metallocene; Junting Xu, et al.



mesoporous silicate MCM 41," Chem Comun., 1905-1906
(1997) discloses an i nmmobilized al unoxane on a

worR@6Bsde mesoporous silica; and F.Bonini, et BCT/PS2006/042847
"Propyl ene Pol ynmeri zati on t4gr ough Supported
Met al | ocene/ MAO Cat al ysts: Kinetic Analysis and
Model i ng, " Journal of Polyner Science, Vol. 33
2393- 2402 (1995) discusses using a nethyl al unoxane
SUnpanteremtion bf isataviic ol gpropylend nyepared with dinodthylkidyl bis(1-

t h di. th f f ul I
sttt TR SR A R
Enrdpben Palymlky $6urbQPOEIoDOPIR89L1 2R edikdndeR ithedive A shlias |
are incorporated herein by r ef er ence. 1
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prlor to rern.
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SSBN ARSI Lo fhoot S el BORLBRHES oD 2

T .
or ganoa Uit num Ufoxa SuRa. Preferably in an

1BTHI nEntnohar entdirsyahe alppattad adtBam ool ad sippsiest
the activator is forned.in situ on_and in the support

pmexng, isaged foraqeripd of timg prioptocise baresr | Fargplerpegplease
féeg%rrwwg lP%lt 'FN&H@ %(g%gmﬁaatnﬁ% 6d20211‘}11]nc&g016a%t &in b

ment emns cont &l nf'ng’ supports are react ed
wif¢rbnee. cat aI yst activator to forma support bonded

GtsBL %" 30 & Eebndimieny Ursumpdad by by i e G aselic.
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enbodi ment i s déscri U S. Patent
mipfﬁﬁ;r&bér@&mimrﬂd)md@hmed by reference. [0142]

@gg&l{ ib 2% Q d LG S1:>o(<.ﬂ¢1nc=:nlf:l %%rér IIrI? e ggpa?a%ly‘é&ﬁp%ﬁ‘teg b&ivators
are used, or alternatlvely, two or more different activators on a single support are
used.

[0140] In ;mother embodiment, the support material, preferably partially or
totally dehydrated support material, preferably 200°C to 600°C dehydrated silica,
is then contacted with an organoaluminum or alumoxane compound. Preferably
in an embodiment where an organoaluminum compound is used, the activator is
formed in situ on and in the support material as a result of the reaction of, for
example, trimethylaluminum and water.

[0141] In another embodiment, Lewis base-containing supports are reacted
with a catalyst activator to form a support bonded catalyst compound. The Lewis

base hydroxyl groups of silica are exemplary of metal/metalloid oxides where this



Patent No. 5,427,991, where supported non-coordinating

anions derived fromtrisperfluorophenyl boron are
waleacstsesl; U. S. Patent No. 5,643,847 di scusseBCT/82006/042847

reaction of Goup 13 cataJ¥ft conmpounds wi th netal

oxi des such as silica and ['llustrates the reaction of

trisperfluorophenyl boron with silanol groups (the

hydroxyl groups of silicon) resulting in bound anions
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g e P S8 %u it BSHEA PE APPSR PEPTORatES rod
trsiiRSeR 8] &%aﬁdi‘n&ﬁlh@%tﬁl?&te&mp%ﬁﬁdsttlg gﬁlﬁg?ﬁﬂkﬁ A 9ctive

pressure control |l ed ves a sol ut tl vat or
cativgs gouniértbadneed by therbopnd sons atdmngﬂnzhdaGmmdﬂnAt Catalyst

et t f 0C t 00 [
o{TR G bl o PR et PP P o Frresin S
Nla,osl ass ,6vNeRd Bgh&oC 3V .Q0kTeh, Ve, %zyOScthmA T, OnemsSV6E
enove the solvent to produce a free fl ow ng

zwér 1662098} adescabescthn ofedingerrewizetion vidity 260C and
a?M{aS‘éanfe (5’) @E&t &8n g(ﬁcﬁ’gé Qz)(eﬁﬂi RethiR c%ggskanﬁ) An

|n rt gas s can a SO N asei st A Femovi ng
dmhbﬁsm covéleh’dﬁdilﬂirg c!fl‘thhéﬂﬁmﬁfunﬁddmt to i siBescthircigh an

sl urrying terlal i n.an appropriate

X & %‘h‘i’ﬁs‘é‘f E‘éf Pli’sxﬁéftﬂé‘i“?%aan be used. [0144]

[dllZBPnOtIﬁ e é)rﬁgitf&pém%@msy oted §ctﬁgfg? Egﬁﬁn% H{ one
nore activators and 1S spray dried to forma

p@ppmg‘ ined agttatcd{ and rtempanatarqmndfpeessmd cemioaltidrvesde] a selnioh
Llica is n wW.t h noxane and.th

ofthe a6t o Rt Kt R i i PO e A

teﬁflﬁfﬁm@ﬁwmawsus pootC Icsntca@mg tA8 Suppotthiviei] {AERXHMor SPT ay
dri ed and then Iaced in mneral oil to forma slurry

sqlufegrufor pp tq %hwgttm usingaermtination afbeaitaat peassure to
remove the solvent to produce a free flowing powder. Temperatures can range

from 40 to 120°C and pressures from 5 psia to 20 psia (34.5 to 138kPa). An inert
gas sweep can also be used in assist in removing solvent. Alternate orders of
addition, such as slurrying the support material in an appropriate solvent then
adding the activator, can be used.

[0144]  In another embodiment a support is combined with one or more
activators and is spray dried to form a supported activator. In a preferred
embodiment, fumed silica is combined with methyl alumoxane and then spray
dried to from supported methyl alumoxane. Preferably a support is combined
with alumoxane, spray dried and then placed in mineral oil to form a slurry useful

in the instant invention.



[ 0145] Cocatal ysts that can be used according to this
i nvention include one or nore cocatal ysts represented
whyoorhershor mul a: MSMA vX2 cR3 b-c , wherei n MBPCHUS2006/042847
nmetal fromGoup 1 to 3 angd 12 to 13 of the Periodic
Tabl e of Elenents; M4 is a metal of Group 1 of the
Periodic Table of Elenments; v is a nunber fromO to 1;
each X2 is any halogen; c is a nunber fromO to 3;
Deach REocstagstgonoval ent hydrocarbon radi cal or
hydrogen; b is a number from1 to 4; and wherein b
IOMS]US @obz&al?' kts iR@84n ﬂe usell B&lor AP ‘k’cﬁﬂﬁé iRP&oh Y&?ude one or
ganonetal I'i c cocatal yst conmpounds for the above
m@@rﬂ@éﬁ@%ﬁﬁmpmsppf@dbbfﬂmﬁonndn metal catal ysts have the
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[0145] rret Nloﬁ—lmﬁitlﬁg Examiplesgf coxednmlonsl-t9pe Sigatibmetallic cocatalyst

conventi o e cocatal yst conpounds incl ude
Compo}l’%‘g“ﬂﬁ"?&? M‘bﬁﬁ CARVERER L Pe P%tggfﬁtt GPHSREY deseiedr i de,
ab0%¢ M udB RS HBm, butyllithium, dihexylmercury, butylmagnesium,
diethylcadmium, benzylpotassium, diethylzine, tri-n-butylaluminum, diisobutyl

ethylboron, diethylcadmium, di-n-butylzinc and tri-n-amylboron, and, in
particular, the aluminum alkyls, such as ﬁ-hexyl—alminm, triethylaluminum,
trimethylaluminum, and tri-isobutylaluminum. Other conventional-type
cocatalyst compounds include mono-organohalides and hydrides of Group 2
metals, and mono- or di-organohalides and hydrides of Group 3 and 13 metals.
Non-limiting examples of such conventional-type cocatalyst compounds include
di-isobutylaluminum bromide, isobutylboron dichloride, methyl magnesium
chloride, ethylberyllium chloride, ethylcalcium bromide, di-isobutylaluminum
hydride, methylcadmium hydride, diethylboron hydride, hexylberyllium hydride,
dipropylboron hydride, octylmagnesium hydride, butylzinc hydride,
dichloroboron hydride, di-bromo-aluminum hydride and bromocadmium hydride.
Conventional-type organometallic cocatalyst compounds are known to those in

the art and a more complete discussion of these compounds may be found in U.S.
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suspension before spray-drying. In one preferred embodiment, the makeup of the

dried material is about 40-50 wt% activator (preferably alumoxane), 50-60 SiO;

and about~2 wt% catalyst compound.

[0149] In another embodiment, fumed silica such as such as Gasil™ or
Cabosil ™ may be added to a solution containing a catalyst compound such that
when that solution is added to the catalyst component slurry or injected into a
polymerization reactor, the fumed silica acts as a template for “in situ spray”
drying.

[0150] For simple catalyst compound mixtures, the two or more catalyst

compounds can be added together in the desired ratio in the last step. In another



[0149] In another enbodi ment, funed silica such as
such as Gasil (tm or Cabosil (tmmy be added to a
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In sonme enpodjnments,. the spra ried.partjcles n be
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form of a slurry or a solution or a combination of slurry and solution. In one
embodiment, the catalyst in slurry form and includes an activator and a support, or
a supported activator. In another embodiment, the catalyst slurry includes fumed
silica. In another embodiment, the slurry includes a catalyst compound in addition
to the activator and the support and/or the supported activator. In one
embodiment, the catalyst compound in the slurry is supported.

[0155] In another embodiment, the slurry includes one or more activator(s)
and support(s) and/or supported activator(s) and/or one more catalyst

compound(s). For example, the slurry may include two or more activators (such



enbodi nent, the catalyst in slurry formand incl udes
an activator and a support, or a supported activator.
wo pooatetsher enbodi ment, the catal yst slurry i nPCTIUER06/042847
fumed silica, another enbg |nent the slurry includes
a catal yst conmpound in addition to the activator and
the support and/or the supported activator. In one
enbodi ment, the catalyst conpound in the slurry is
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0160] A catalyst slurry can be prepared by suspendi ng

qua,@ec&@p@y&,@pmoxane on a support of silica.
[0160] A catalyst slurry can be prepared by suspending the catalyst

components, preferably the support, the activator and optional catalyst compounds
in a liquid diluent. The liquid diluent is typically an alkane having from 3 to 60
carbon atoms, preferably having from 5 to 20 carbon atoms, preferably a branched
alkane, or an organic composition such as mineral oil or silicone oil. The diluent
employed is preferably liquid under the conditions of polymerization and
relatively inert. The concentration of the components in the slurry is controlled
such that a desired ratio of catalyst compound(s) to activator, and/or catalyst
compound to catalyst compound is fed into the reactor.

[0161] Typically, as a slurry, the catalyst compound and the support and

activator, or supported activator, and the slurry diluent are allowed to contact each
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[0164]  In another embodiment the slurry comprises a supported activator and
at least one catalyst compound where the catalyst compound is combined with the
slurry as a solution. A preferred solvent is mineral oil.

[0165] In a another embodiment, alumoxane, preferably methyl alumoxane or
modified methyl alumoxane, is combined with a support such as calcined silica or
fumed silica to form a supported activator, the supported activator is then
dispersed in a liquid, such as degassed mineral oil, and then one or more catalyst

compounds are added to the dispersion and mixed to form the catalyst component
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one or more or a combination of the Group 15 catalyst compound(s) represented

by Formula I or II described above.

[0170]  In another embodiment, the slurry comprises a supported activator and
one or more or combination of the bulky ligand catalyst compound(s) represented
by Formula III to VI described above.

[0171]  In another embodiment, the slurry comprises supported activator, a
Group 15 catalyst compound(s) represented by Formula I or II described above,

and a the bulky ligand catalyst compound(s) represented by Formula III to VL.
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the catalyst compound in the solution is 1000:1 to 0.5:1, preferably 300:1 to 1:1,
more preferably 150:1 to 1:1.

[0177] In a preferred embodiment, the activator and catalyst compound is
present in the solution at up to about 90 wt %, preferably at up to about 50 wt %,
preferably at up to about 20 wt %, preferably at up to about 10 wt%, more
preferably at up to about 5 wt%, more preferably at less than 1 wt%, more
preferably between 100 ppm and 1 wt % based upon the weight of the solvent and
the activator or catalyst compound.

[0178] In one embodiment, the solution comprises any one of the catalyst

compounds described in Formula I to IX above.



pol yneri zation and relatively inert. In one

enbodi nent, the liquid utilized in the solution is
waledo7eerspe from t he dil uent used in the sl urryPCI/IS2006/042847

anot her enbodi ment, the ljguid utilized in the

solution is the same as tTe diluent used in the

slurry. [0176] In a preferred enbodi nent the ratio of

netal in the activator to netal in the catalyst
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metal, preferably zirconium hafniumor titaniumand X
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least one of the olefins is ethylene or propylene.

[0184] The prepolymerization and/or polymerization process can be carried
out in a batch or continuous process. By continuous is meant a system that
operates (or is intended to operate) without interuption 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.

[0185] Polymerization processés according to this invention are carried out at
any temperature or temperature range effective in carrying out the polymerization
process. In general, effective temperatures range from about —80°C to 350°C,

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



of tenperatures and pressures. Such processes include,

for exanple, solution, gas phase, slurry phase, nedi um
w@e@3merses and hi gh pressure processes or any PCT/US2006/042847

conmbi nation thereof. Partigularly preferred is gas

phase or slurry phase polynerization of one or nore

olefins. In a particularly preferred enbodi nent, at

| east one of the olefins is ethylene or propylene.

[0186134] Pohendpizapel proesskesaiceatingne s indehtidiBié Zatit@But at
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[0198 COMPHRATRShEAHEWHiRbnt! §8 Mol OPEIoVrROZORIFE D ethylene,
Cy/Cy, where C is the amount of comonomer and C; is the amount of ethylene, is
from about 0.001 to 0.4 and more preferably from about 0.02 to 0.2.

[0191]  In one embodiment, the invention is directed to a polymerization
process, particularly a gas phase or slurry phase proceé.s, for polymerizing
propylene alone or with one or more other monomers including ethylene, and/or
other olefins having from 4 to 12 carbon atoms. Polypropylene polymers may be
produced using the particularly bridged bulky ligand metallocene catalysts as
described in U.S. Patent Nos. 5,296,434 and 5,278,264, both of which are herein

incorporated by reference.



having from3 to 15 carbon atons, preferably from4 to

12 carbon atons, and nost preferably from4 to 8
W@ 2000061596 ONs. Preferably the reaction is carrPeUSNG6/042847

in a gas phase process. }89] I n anot her enbodi nent

of the invention, ethylene’or propylene is polynerized

wth at |east two different conononers, optionally one

of which may be a diene, to forma terpolyner. [0190]
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embodiment, polymerization is carried out as a continuous polymerization process

in which catalyst, monomer, and diluent are present in a single phase. By
continuous is meant a system that operates (or is intended to operate) without
interuption or cessation. For example a continuous process to produce a polymer
would be one wherethe reactants are continuously introduced into one or more
reactors and polymer product is continually withdrawn.

[0195]  The reactor used in the polymerization process of this invention, will
contain sufficient amounts of the catalyst system effective to catalyze the
polymerization of the monomer containing feed-stream such that a sufficient

amount of polymer having desired characteristics is produced. The feed stream in
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HOPerie, %?ﬂe?ﬁ tem [0196] In one enbodi ment
of the invention, drogen is added to the reactor for
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skilled in the art, |ncreased concentrati ons
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cyc ijrigdgas rst?ga?S Sotﬁe%w?sn?mgxxrel gé a recycle stream or fluidizing medium, is
heated in the reactor by the heat of polymerization. This heat is removed from the
recycle composition in another part of the cycle by a cooling system external to
the reactor. Generally, in a gas fluidized bed process for producing polymers, a
gaseous stream containing one or More MONOMETS is continuously cycled through
a fluidized bed in the presence of a catalyst under reactive conditions. The
gaseous stream is withdrawn from the fluidized bed and recycled back into the
reactor. Simultaneously, polymer product is withdrawn from the reactor and fresh

monomer is added to replace the polymerized monomer. See, for example, U.S.

Patent Nos. 4,543,399, 4,588,790, 5,028,670, 5,317,036, 5,352,749, 5,405,922,
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pol yneri zation catalyst in an optional solvent and
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herein fully incorporated by reference.

[0203]  In apreferred embodiment, the reactor and processes utilized in the
invention are capable of producing greater than 500 Ibs of polymer per hour (227
kg/hr) to about 200,000 Ibs/hr (90,900 kg/hr) or higher of polymer, preferably
greater than 1000 lbs/hr (455 kg/hr), more preferably greater than 10,000 Ibs/hr
(4540 kg/hr), even more preferably greater than 25,000 Ibs/hr (11,300 kg/hr), still
more preferably greater than 35,000 lbs/hr (15,900 kg/hr), still even more |
preferably greater than 50,000 lbs/hr (22,700 kg/hr) and most preferably greater
than 65,000 Ibs/hr (29,000 kg/hr) to greater than 100,000 Ibs/hr (45,500 kg/hr).



typical conditions in a gas phase polynerization
process. Also in sone systens the presence of
W@ Q003/061586¢ can i ncrease productivity. [0201] TPET/US2006/042847
reactor tenperature in a g&9 phase process may vary
from about 300C to about 120C, preferably from about
60C to about 115C, nore preferably in the range of
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supported catalyst wherein the temperature is kept below the temperature at which

the polymer goes into solution. Such technique is well known in the art, and
described in for instance U.S. Patent No. 3,248,179, which is fully incorporated
herein by reference. Other shurry processes include those employing a loop
reactor and those utilizing a plurality of stirred reactors in series, parallel, or
combinations thereof. Non-limiting examples of slurry processes include
continuous loop or stirred tank processes. Also, other examples of shurry
processes are described in U.S. Patent No. 4,613,484 and 5,986,021, which are

herein fully incorporated by reference.



to 50 atnospheres. Qperating tenperatures are
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catalyst(s), and initiator(s) are mscible in the
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reactor, and the slurry diluent is a

solution polymerization process.” Generally, the solution process involves
polymerization in a continuous reactor in which the starting monomer(s) and
catalyst materials supplied and the polymer formed, are agitated to reduce or
avoid concentration gradients. Suitable processes operate above the melting point
of the polymers at high pressures, from 1 bar (100 kPa) to 3000 bar (300 MPa), in
which the monomer acts as diluent or in solution polymerization using a solvent.
[0211] Temperature control in the reactor is obtained by balancing the heat of
polymerization and with reactor cooling by reactor jackets or cooling coils to cool

the contents of the reactor, auto refrigeration, pre-chilled feeds, vaporization of

liquid medium (diluent, monomers or solvent) or combinations of all three.



hydr of | uor ocar bon, one or nore hydrocarbons, or

m xtures thereof. In one enbodi nent, the concentration
W@R0030bi586 particles in the slurry is equal to BCT/US2006/042847

greater than 10 vol % | n afdther enbodi nent, the solid

particles are present in the slurry at a concentration

equal to or greater than 25 vol % In yet anot her
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[0214] In high pressure processes, particularly for the polymerization of
ethylene alone or in combination with Cs to Ci alpha-olefins, and optionally other
copolymerizable olefins, the temperature of the medium in which the
polymerization reaction occurs is at least 120°C and preferably above 140°C and
may range to 350°C, but below the decomposition temperature of the polymer
product, typically from 310°C to 325°C. Preferably, the polymerization is
completed at a temperature within the range of 130°C to 230°C. The



[0212] Exanples of solution processes are described in
U S. Patent Nos. 4,271,060, 5,001,205, 5,236, 998,

WG 2880¢65% and 5,977,251 and PCT WD 99/ 32525 amdir/PE008MA2847
99/ 40130, which are fully Phcor por at ed herein by
reference. E. Medium and Hi gh Pressure Pol ynmerization
[0213] The pol ynerization process of this invention
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boiling-pool reactor or any combination thereof.

[0217] In another aspect, heat can be removed from the reactor system by use
of heat transfer surfaces, such as in a tubular reactor where a coolant is on one
side of the tube and the polymerizing mixture is on the other side. Heat may also
be removed by evaporating the polymerizing mixture, such as may be found in an
autorefrigerated boiling pool type reactor. Another example, is a plug flow
reactor where a portion of the polymerizing mixture is evaporated as the mixture
proceeds through the reactor. Another example is where heat is removed in a plug
flow reactor through surface heat transfer using coolant on the other side of a heat
transfer surface. Another example would be a reactor where polymerization takes

place on a moving belt or drum where the diluent/monomer/catalyst mixture is



2002; 60/431,077, filed Decenber 5, 2002; and

60/ 412,541, filed Septenber 20, 2002. F. Reactors and
woeacHersISyst ens [ 0216] The invention nmay be pPEUSINEE042847
~in any type of pol yneri'.zaté'4on reactor system such as

conti nuous and batch reaction systens suitable for

carrying out any one or nore of the solution, gas

phase, slurry phase, medium pressure or high pressure
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[0219] In one embodiment, a continuous flow stirred tank-type reactor is used.
The reactor is generally fitted with an efficient agitation means, such as a turbo-
mixer or impeller(s), an external cooling jacket and/or internal cooling tubes
and/or coils, or other means of removing the heat of polymerization to maintain
the desired reaction temperature, inlet means (such as inlet pipes) for monomers,
diluents and catalysts (combined or separately), temperature sensing means, and
an effluent overflow or outflow pipe which withdraws polymer, diluent and

unreacted monomers among other things, to a holding drum or quench tank.

Preferably, the reactor is purged of air and moisture. One skilled in the art will



t hrough the nozzle at high velocity. [0218] One or
nore reactors in series or in parallel nmay be used in
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Vine skiPblyatbriProdube art willrecogni ze proper assenbly
and operation. The reactors are preferably designed to
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fl ow t hroughout the reaction volunme to avoid excessive

a pideyietyad puediictstand endusesanpdicatianen The pelymises prpdused by

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

plastomers, high density polyethylenes, medium density polyethylenes, low
density polyethylenes, multimodal or bimodal high molecular weight

polyethylenes, polypropylene and polypropylene copolymers.
B. Density

[0223] The polymers produced according to this invention can be produced at
any density suitable for the appropriate end use. In one embodiment, there can be

produced ethylene based polymers having a density in the range of from 0.86g/cc
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preferably from about 5 to 50. In an embodiment, the polymer of the invention
has a narrow molecular weight distribution and a broad composition distribution,
and vice-versa, such as those polymers described in U.S. Pat. No. 5,798,427,
incorporated herein by reference.
[0226] In another embodiment, the polyolefin produced has at least two
species of molecular weights. Preferably, both species are present at greater than

20 wt%, based upon weight average molecular weight.
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Di stribution [0224] The polyners produced by the
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variety of nolecular weights and nol ecul ar wei ght
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film and pipe, especially, for PE-100 pipe applications. The molecular weight

distributions (MWDs), as obtained from size exclusion chromatography (SEC),
can be deconvoluted using a bimodal fitting program. In one embodiment, the
polymer has weight ratio of the high molecular weight (HMW) fraction to the low
molecular weight (LMW) fraction of ranging from 20-80 to 80-20, more
preferably from 30-70 to 70-30, and even more preferably from 40-60 to 60-40. A
higher wt% of HMW than LMW wit% is preferred. The SEC curve can be further
analyzed to give percent of wt% > 1MM, which is the weight percent of the total
MWD that has a molecular weight greater than 1 million, and wt% > 100K, which
is the weight perecent of the total MWD that is greater than 100,000 in molecular
weight. The weight percent ratio is simply wt% > 1MM divided by wt% > 100K.

100,000 was used as an approximate means of dividing the total MWD into a
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generally in the range of greater than 50% to 100%, preferably 99%, preferably in

the range of 55% to 85%, and more preferably 60% to 80%, even more preferably
greater than 60%, still even more preferably greater than 65%. In another
embodiment, polymers produced using this invention have a CDBI less than 50%,

more preferably less than 40%, and most preferably less than 30%.
F. Melt Index

[0233] The polymers produced by the process of the invention can be

produced according to a desired or predetermined melt index, depending upon
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polymer is “isotactic.” If adjacent monomer units have an alternating

configuration, and this alternating configuration continues along the entire
polymer chain, the polymer is “syndiotactic.” If the configuration of monomer
units is random, the polymer is “atactic.” When two contiguous monomer units, a
“diad,” have the same configuration, the diad is called isotactic or “meso” (m).
‘When the monomer units have opposite configuration, the diad is called “racemic”
(v). For three adjacent monomer units, a “triad,” there are three possibilities. If
the three adjacent monomer units have the same configuration, the triad is
designated mm. An rr triad has the middle monomer unit having an opposite
configuration from either neighbor. If two adjacent monomer units have the same

configuration and it is different from the third monomer, the triad is designated as
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low levels of isotacticity and/or low levels of syndiotacticity. In a particular

embodiment, the percent of pentads having mmmm configuration is less than
40%, preferably more than 2%, and more preferably less than 30%. In yet another
particular embodiment, the percent of pentads having rrrr is less than 75%,
preferably more than 5% and more preferably less than 50%. At lower levels of
syndiotacticity and isotacticity, the polymer is predominantly or even completely
amorphous, generally has no melting point, is generally transparent and flexible,

and has gobd elastic properties.
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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.
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ISO qualifications. In another embodiment, the present invention is used to make
polyethylene pipe having a predicted S-4 T, for 110mm pipe of less than -5°C,
preferably of less than -15°C and more preferably less than -40°C (ISO DIS
13477/ASTM F1589).

[0246] In another embodiment, the polymer has an extrusion rate of greater
than about 17 Ibs/hour/inch of die circumference and preferably greater than about
20 Ibs/hour/inch of die circumference and more preferably greater than about 22
Ibs/hour/inch of die circumference.

[0247] The objects produced (such as films, pipes, etc) may further contain
additives such as slip, antiblock, antioxidants, pigments, fillers, antifog, UV
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polymer reactor to a polymer recovery system. The polymer recovery system is
operated by controlling a variety of parameters including temperature, pressure,
vapor-liquid separation systems, and purge systems or vessels.

[0251]  In one embodiment, the polymer recovery system incorporates the use
of an inert gas to purge or scrub out undesirable entrained material from the
polymer product. The inert gas is a composition that is substantially non-reactive
| with the polymer product, and can be used in sufficient quantity as a driving force
to separate the non-polymer components from the polymer product. Examples of

useful inert gases include air, nitrogen, water vapor, methane, ethane, and carbon

dioxide.
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apdtocaab&obly-product from the polymerization reaction are purged with inert

gas, and a polymer product stream and a purge gas stream are formed. From the
purge gas stream a plurality of streams, including a fluorinated hydrocarbon
containing stream, a nitrogen containing stream and a waste stream are recovered
using the one or more separation systems, preferably a condensation system and
one or more of a distillation system or barrier separation system.

[0255] A portion of the material that is entrained with the polymer effluent
from the polymer reactor will be undesirable hydrocarbon inerts that should be

vented from the system as a waste stream. Such undesirable hydrocarbon inerts
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[0258] In another embodiment, the waste stream that is vented or flared is low
in content in inert gas that is used to scrub the polymer in the purge system. It is
particularly desired to have a low concentration of inert gas that is non-
combustible. Otherwise, purge gas that is sent to the flare system will adversely
affect the flare system. In some cases, however, it will be effective to add a
combustible gas to the purge stream in order to effect better burning of the stream.
This is particularly effective when the total volume of waste gas is low. In such
case, only low volumes of combustible gas will need to be added.

[0259] Since the rate of inert gas used to scrub the polymer of undesired non-

polymer components in the purge system will also vary according to the rate of
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combustible alkyl hydrocarbons according to this invention include C; to Cg

alkyls, preferably one or more of methane, ethane, propane, linear or branched
butanes, linear or branched pentanes, linear or branched hexanes, linear or
branched heptanes, and linear or branched octanes. It is preferred that the stream
that is to be vented contain at total of at least 5 wt% C; to Cs alkyl hydrocarbons,
preferably 5 to 15 wt%., and more preferably at least 20 wt%.

[0262] Another benefit of the product recovery system of this invention is that
recovery of inert streams such as nitrogen are provided. Such recovered streams

can be reused to separate the non-polymer product from the from the polymer
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[0266]  Inthe embodiment shown in Fig. 1a, the monomer and fluorinated

hydrocarbons are removed in a single line, but these components can be further
separated as desired. It is preferred that the monomer and fluorinated
hydrocarbons be sent back to the polymer reactor so that little to no monomer or
fluorinated hydrocarbon be vented or released to atmosphere. The fluorinated
hydrocarbon material that is not recycled can be recovered as a waste stream 114.
In the embodiment shown in Fig. 1a, the waste stream is sent from line 114 to a

waste gas decomposition system 116.
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psé (()1r83 kPa) to about 10,000 psig (69 MPa). Preferably, the condenser is
operated at a pressure of from 20 psig (138 kPa) to about 1000 psig (7 MPa), more
preferably from 25 psig (172 kPa) to about 500 psig (3 kPa). In another
embodiment, the condenser is operated at a temperature of from -60°C to 30°C,
preferably -20°C to 10°C.

[0271] In one embodiment, a portion of the lighter condensed stream is vented

HUJ

or flared. In a preferred embodiment, the lighter condensed stream is separated
into a fluorinated hydrocarbon containing stream, waste stream, and optional inert

or nitrogen stream. The waste stream can be flared, combusted, incinerated,



separation system 108. [0266] In the enbodi nent shown
in Fig. la, the nononmer and fluorinated hydrocarbons
wae@7nersoed in a single line, but these conpoPENUS200&M2847
be further separated as de§9red It is preferred that
t he nononer and fl uorinated hydrocarbons be sent back
to the polymer reactor so that little to no nononer or
quorlna d car nte rel.eased t .
re-a e, ARt Foebelrmb i fEeger hemiise
degtrﬁlagdrecycl ed can be recovered as a waste stream
114. mthe enbodi nent shown in Fig. la, the waste
[927Ham iThe Sighter ¢andamseil geeany dan e @pm@d@sgngeny techmque or

% er i n
SRRATRRRL FATu PG iR IR o Shaioh etyae, .
a&mﬁﬁé’ssmnﬂasﬂﬁig@e dastilatior as %11 %8 Pajcatligad sdmblbﬁg
capabl e.of separatjng the desired conmponents in the

Pdrsgrarationdapselastive baiph dixpgindes afselgetivedamiesainsde
rﬁ YiEhE scg)r ldﬁ d bfi %Xg]}ets%&ei-‘é gWﬂ‘%VE{bgﬁlétlblqd ude

ose ca rform ne -or re of the
[D@’V3]ovm Menpinamae semble foo npe mShisamvenfibm ateiudg selectbdleiyng,

cond sati on, tlllatlon absor ption sorption.
8@319 AR N BN AT

Etle Bk SusCRTRBAGIN thaf 4:8 ABTrddSo 88 Mpatfed® In one
condenser The condenser is operated at approprl ate

q@ﬂdemmtuﬂle ngpmibryreessbibite acubsdantiay shffdneut pcmmbﬂmeﬁ)ralne

e hydr.oc fl uori nated

1%’ro%rar %ﬁ]as{ Ihﬁ F’ﬁaé“%% tbve%g?kf gl—al%ﬂ’%? ]éllcgrp 6)5359 | east
rﬁ&o ¥én%oIn ERGtRer¥hefodiadltthainehagie eXBibik YosubhBdilily Hifepsie
enbodi.nent, the purge streamis conpressed to condense

RerBeahjily denthe & magnaidn hesiepmirelativio thomgapraeipnd/or inert

1
A e B s G W
mbstemtmllnysdxfg?ﬁamthhyabahty tf@hhe rnemqmoge &is loe aittogad Atk hiar
ondense streamis ener(g%%( a heavier liquid stream
Avedy g“ ¢s preferably sent to the

[99741 Ner If §RCdnBodident! the m&ﬂbr&%rHr%ﬁn&hﬂ&,'Jséﬁ?ﬁtt s

quantities of mononmer and/ or dil uent that woul e
mtémtlloa lotecelastomerissmennhrante Wfbmhywafmemdle dronpa wmws of At

{ { f.. th nd t
Ayl PR B Sl S B0} BE AN PR HaBbhERT e o
hémbdahés, GRN1dR] But dRkes bkl o, NN ORBbEORedpRERROUNdS

(such as_et hane that are not to be returned to the
nodydimethylsagdns ,(sﬂlcone rubber), chlorosulfonated polyethylene,

polysilicone-carbonate copolymers, fluoroelastomers, plasticized
polyvinylchloride, polyurethane, cis-polybutadiene, cis-polyisoprene,
poly(butene-1), polystyrene-butadiene copolymers, styrene/butadiene/styrene
block copolymers, styrene/ethylene/butylene block copolymers, thermoplastic
polyolefin elastomers, and block copolymers of polyethers, polyamides and
polyesters.

[0275] In another embodiment, the membrane or membranes useful in this
invention are glassy membranes, which can be made from a variety of polymers.

Examples of polymers that can be used to make glassy membranes include,
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types of membranes and modules is well known in the art. Flat-sheet membranes

in spiral-wound modules are our most preferred choice.

[0279] In one embodiment, the membranes have a selectivity for the faster-
permeating component over the other components of at least about 5, more
preferably at least about 10 and most preferably at least about 20, and a pressure-
normalized flux of the faster—penneating component of at least about 1x10° cm?
(STP)/cm2 » sec » cmHg, more preferably at least about 1x107 cm® (STP)/cm2 .
sec * cmHg.



menbr anes, include, but are not limted to, nitrile
rubber, neoprene, polydi nethylsiloxane (silicone
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[&%gflr atIlress es I?gr g sorptlon (PSA) processes provide an efficient and
economical means for separating a multi-component gas stream containing at least
two gases having different adsoi‘ption characteristics. The more strongly adsorbed
gas can be an impurity which is removed from the less strongly adsorbed gas
which is taken off as product, or, the more strongly adsorbed gas can be the
desired product which is separated from the less strongly adsorbed gas.

[0284] In PSA processes, a multi component gas, such as the purge stream of
this invention, is typically passed to at least one of a plurality of adsorption zones
at an elevated pressure effective to adsorb at least one component, i.e. the more

strongly adsorbed components, while at least one other component passes through,



[0278] The nenbranes may be manufactured as fl at

sheets or as fibers and housed in any conveni ent
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frame nodul es and potted hghl owfi ber nDduIes The

maki ng of all these types of nenbranes and nodules is

well known in the art. Flat-sheet nenbranes in

spiral -wound nodul es are our nost preferred choi ce.
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4,440,871; 4,310,440 and 4,567,027, hereby incorporated by reference as well as

zeolitic molecular sieves.
[0287] Zeolitic molecular sieves in the calcined form may be represented by
the general formula;

(M)/(00):Al,05:xSi0,:yH,0
where M is a cation, x has a value from about 2 to infinity, n is the cation valence
and y has a value of from about 2 to 10.
[0288] Typical well-known zeolites which may be used include, chabazite,
also referred to as Zeolite D, clinoptilolite, erionite, faujasite, also referred to as

Zeolite X and Zeolite Y, ferrierite, mordenite, Zeolite A, and Zeolite P. Other



unit, and it may be both conveni ent and beneficial to
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the condensation step. [0283] Pressure sw ng
adsorption (PSA) processes provide an efficient and
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pressures are preferred in order
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ﬁgﬂ %% al that has a desired capacity for the

[029g10" b A BSA operation cycle useful in this invention includes the well
known cycle steps of adsorption, one or more equalization steps, countercurrent
desorption, purge and repressurization. The cycle steps are typically described
with reference to their direction relative to the adsorption step. Thus cycle steps
wherein the gas flow is in a concurrent direction to the adsorption step are known

 as “cocurrent” steps. Similarly cycle steps wherein the gas flow is countercurrent
to the adsorption step are known as “countercurrent” steps. During the adsorption
step the feedstream is passed to the adsorber bed at an elevated adsorption

pressure in order to cause the adsorption of the adsorbate and provide a product



conmponents can be used in the adsorber beds. Suitable
adsor bents known in the art and commercially avail able
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carbons, activated clays, siylica gels, activated

alum nas and the |ike. The nol ecul ar sieves include,

for exanple, the various fornms of

si li coal um nophosphat es and al um nophosphat es
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hydrogenation, hydration, thermal oxidization, catalytic oxidization or otherwise

destructed into environmentally acceptable components, compounds, or
concentration levels.

[0292] In one or more embodiments above or elsewhere herein, the waste
stream 114 can be flared. Any flare apparatus or system can be used to treat the
waste stream. Such a system may include one or more flare stacks, and not only
dispose of the waste stream during normal operation but also can be utilized to
dispose of the flammable waste gases or other flammable gas streams, which are

diverted during venting, shut-downs, upsets and/or emergencies.



silica-titanias, silica-alumnas-thorias,
silica-alum na-zirconias, mxtures of these and the
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elements can have a wide range of sizes and shapes such as hollow cylinders, with
and without internal septa or other internal structures, cylinders with triangular or
“bow-tie” crosssections, and porous pellets.

[0296] Waste streams that are particularly suitable for treatment using RTOs
may be generated for example when gas flows containing combustible materials

that include a small quantity of fluorinated hydrocarbons. In such applications, it
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Suitable furnaces and incinerators are widely available.

[0299] In one or more embodiments above or elsewhere herein, one or more
catalytic combustion/oxidation systems or processes can be used to treat the waste

stream. Suitable catalytic combustion/oxidation systems are known in the art.

[0300] In one or more embodiments above or elsewhere herein, one or more
hydrogenation systems or processes can be used to treat the waste stream.
Hydrogenation techniques and systems are well known in the art, and can be
accomplished as a means of HFC destruction using noble metal or transition
metals on supports. For example, an illustrative net reaction is as follows:

yHy + CiFyHxiay) = CilHaxig) + YHF, where x and y are integers.
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‘%E fro 2 to 980/ and preferably from 35 to 80%
r%o ﬂ@ cghqrgycg s, the waste gas decomposition system 116 does

not have to include a HF removal system. A HF removal system is recommended

to treat the HF that forms as a result of the decomposition of the waste stream 114.
As mentioned above, the amount of HF formation is dependent on the amount of
HFC or FC in the waste stream 114. Illustrative HF removal systems can include

scrubbers, absorbers, or adsorbers.

[0305] In one particular embodiment, the HF removal system includes a
scrubber where the resulting HF gas from the was gas decomposition system 116

is reacted with one or more reagents to form water soluble salts or solids. For
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- YRR 15 ShoWn 18- goadey  Thig paregplarmnzhedinaeniencomoraés the use of
U AL Syl M A g sAms et or

eithsr eevserbimdhemmatter abdiverdsd alasewtest@aines eidwastgsor
stens or processes can be used to

re hydration
| d%:?)glgf’sli[lﬂlés\’ﬁé?‘i‘ éf%t ream Hydration techniques and

’ ens, are. well known_in the art, and can be _
["gﬁgtnpﬁcgﬂféi&}iga@ the erabediment sheen dre Eigr 2@ thobmnay ghat gontaibs e
uifBicidd Mbndh@NBE ! dsQPeIN Rt i I | e,

an ill usrtl rative r? g’tﬂ3 {%aﬂ%gg&?lé&ggyﬁ%%%@sf 1n?f§)§(1;}%20 +

urderiyahlohwdzogarbonGaRitsHrgrhifthe pdigmerizatian deagtian, gs soht ROSHEge
bin 200 through a line 202. Nitrogen purge gas is sent to the purge bin 200
through a line 204 to purge the polymer and remove the various entrained

hydrocarbon materials.

[0309] The purged polymer, also referred to as a degassed polymer product or
scrubbed polymer product, is removed from the purge bin 200 by way of a line
205. The purge stream, which contains the nitrogen purge gas and hydrocarbon
materials purged from the polymer are recovered from the purge bin 200 and sent
through a line 206 to a first separation system 208. The separation system 208
separates the purge stream into a hydrofluorocarbon containing stream and

nitrogen containing stream. The hydrofluorocarbon containing stream, which



[0303] Illustrative catalysts can include transition

nmetal oxide catalysts. In one or nore enbodi nents, the
W@ at0aloyshe can i ncl ude, but are not |imted to, PCHUS2006042847

oxi des, al um num oxi des, mggnesi um oxi de, platinum

oxi de, chrom um oxi de and iron oxides, including

ferric oxide, ferric oxide nonohydrate, ferrous oxide,

ferriferrous oxide nonohydrate and a conbi nation

e0niaeDd majprisy ef thb uyreheied monomedend RO semy thr the purgamih 200, is

eciflcal needl e. shaped ferric oxide ohydr at e
GG R PSR 5k S8 Y388 AR Y Y Gy tne PR o A Brogen
ot Ainia g BReiniBIHish codiinPXhdReitF 8Nthb RitRIgeR i g Plrodstrbam,
the addition of titanium Zzirconium cobalt, “conpounds
whgnewd o therfist sgpastiothwstsot 208 avey ofe liend at ur es

[ SN f t 1000C, .about .200C,
8oL Bon e ABlEF Soffanftl e Bt ~o0OLA ORI 6 00C or
Fhauation SEEADLS, [O@AH0o thcugk tHRI1iFD16 1€ FiadhaBsasarRRO0V e

or el e\/\h@r e herein, the waste gas deconposition _
8 13 essePndsepasran systemcd L cheparates the gifeagen stream o
4K V. Y er J S
o ol vasl RS Tl e OF MO SRR 1
goataveed majpsityeoh thénitiegere fromehe sijwpamtican ia chnmmiaielist o
treat the HF that, forns as a result of {he
Bt Ee i e seBiegiat st EEhbYoTay ob a2, Ghsaaste
silRemewhich & ABPsdHside f o8 i
amount of HFC or }:Cfei_drh;l Etal%]gt%v\%gtlgﬁssﬁ ae:g%Q%él}gﬁ%uQPa lie
1yt ghe wasts,gasidecomapasition syytewelt. can i ncl ude scrubbers,

rbens, el.S. 5],.Ln_one .particular
BB il BB BB Bt o 202 oo 1 RO LS 2P0 dbbber
enttexiemér én Figs2ib isl the sdrte §g 108 deeth@ABe B gen rich stream
.deconpositjopn system 116 is reacted with one or nore
if SCpgER I b Fist Herslianksy sis) 305 and semevsdahroggh fhedine 209, In

e e i i LIM
AL REARD HGdrobRbOR il BRkafi O RARIE I b BP B W hnvoated
thenogm and BCy ckpareted onthe secdnd pastch systoin SHF davshoved

nviJ Qnnen |y accepted manner. As anot her rexanpl e,
tﬁ{gu@%@eﬁ%&@ "reacted with cal ciumcarbonate to form
03r2pon i gweirdQieBATor B LRIMAL YL & BbH Iy T
[cal.jgi_ um f_%eu_ori ge is (.)a sol i_%l whi ?h%ﬁb@gﬁ?tggfogﬁe%%&em

s Bverfionde skawn im Bigshf Bhispattionlar enobovbmest] ingomoraegsttee

- . A preferred odi nent of the invention
EBEEe 008k RS 156 SRERdIER, 0L LIS e ©
compendas, bikha wabte\was détofrp@sitib@ syseort Pdatdlf@lallp Ok WiBhally
destruct unreuseable hydrocarbon separated from the polymer.

[0313]  According to the embodiment shown in Fig. 3, polymer that contains
ureacted monomer, FC, and other hydrocarbons, including undesirable
hydrocarbon inerts from the polymerization reaction, is sent to a purge bin 300
through a line 302. Nitrogen purge gas is sent to the purge bin 300 through a line
304 to purge the polymer and remove the various hydrocarbon material.

[0314] The f)urged polymer, also referred to as a degassed polymer product, is
sent to a secondary purge tank 306, wherein additional nitrogen purge gas is

injected through a line 308 to additionally purge ureacted monomer, FC and other



that contains the entrai ned hydrocarbon and FC
material is first sent to a flash tank 101. hi the

wo b@shetsamk 101, the pressure is reduced causiPQI/URE06/042847
nore vol atile conponents tg, vaporize. The vaporized
conponents are renoved fromthe flash tank 101 by a
line 103, and the polyner and non-vaporized conponents
are sent to the purge bin 100 by way of the line 102.

chipdned hydnodattems éoanthb olynea. Polyyeeprodnadsicimaved Goar the
S s%en1of t hi.s entj on. |3 @homn in Fig. 2a. This
ﬁ%)p@rg@ugge tﬁ%’r‘l‘lg HE6PR0r at es the use of a first
[691%] SeCodeepRkakho &oﬁksﬁtelemdﬁldro%ﬁé%\éﬁfralﬁe@hﬁééakﬁo\ﬁsof

streans that aré either reused In the reactor or
aréi repavetbfomghapurgs bin @Drae arpurgs: stieembysvay afadine 312, and

SSSBS RR SRoF R sk TR S L g

syb’ﬂérﬁ 3¢4 efld ABIGNRE bafrler syassen\ﬂethe S¥ectiV O BirriePéystth@Bludes
drocar bons, including undesirable hydrocarbon inerts
Palcﬂﬁl

eBIrape FysiER 3}_@@%%@%1 voing absprifeam (PBA.) aystam § &8
1%”[hré ﬁ%ufa?%%@&lm% {)%y%%ﬁ %l' trogen purge gas is sent
FRe pur A

a line 204 to purge the
[¢s1l6y e rInamembcmimenﬁ shewuaﬁ thus thatoRienesd sitelh dhidesn
material s, 09] The purged poI mer, also referred to
COUPLESIAL R %33}6 E%‘ Wger-of %W@B‘b@d%&ﬂ%?’ﬂé

p&%a% acbﬁveﬁaﬁ@ﬁh‘{ eektdrh MMbI@ e PG Bl 1280 ?s?flerﬂ’?sy of a

ine 205. The purge stream ont al ns
compresspdncqladpndgaparatnd ity sarims rcbmponmtsaaqcaﬂdmgm itiged

bR b e e ARSNR. Scdp bt B P
nfonSiRhrDeC aﬂa@na@ﬁaa &id %?aﬁtéﬂta@ ] Qﬁl SRBAMALRS dMlline

E %e streaminto a | uor ocar bon cont ai ni ng
himligaid steapsge he ﬁtymemqpm@edsmtoe@mpom@ parts, for

eQé?g}glg fbb/ lﬂ?s‘i@ﬁ?%rp QP 0 Igé ﬁ%ﬁ%&nfa%nh § hf%? nﬁa%gﬁ% ﬁeglt

unreac ONEr an sen
badf@eh@kﬂdﬁﬂ@m&mﬁ removed fromthe first separation
Qs%s|:?tem208b way of a line 209. The njtragen

1 ai igBeT MO NgROTISPRIRORGN 3P remeyeddyomm FWOBWTQSF@
ltdih 89Syl JF alifRE 38YT 96 throlIDY fiffe 33204 &15;:?0

?él rst 9se ar at ilﬁon syst%%‘%‘g‘gﬂ%‘yﬁ%ﬁy g@/ag?% ne% Fogen

rich Me),] angicentaint aoggority of the m'tm@nsbmeta nthe ¢omtienssr syatenvELt.
st se atlons.s IS sent t

180 g henilpponcron Bithe, kG0 a 22 psacat 1oghe wyibume
systém 3T61 & s%?ﬁﬁfbch S8R PdoninifY shr&M #dh thePer AbRSméde

nltro streaminto
and/or ot er entramed hydrocarbon components. The membrane can be selected
according to the particular separation desired. In the embodiment shown in Fig. 3,
a substantial portion of the monomer and/or hydrocarbon components are
separated and sent through a line 324. If the stream flowing through line 324
contains a substantial portion of hydrocarbon components not particularly useful
or desirable in the polymerization system, the components are sent to waste gas
decomposition system 116 via line 327 as a waste stream. If the stream flowing
through the line 324 contains a substantial portion of useful monomer or other

hydrocarbons useful in the polymerization system, then the stream can be sent to a

line 328 back to the polymerization system.



a nitrogen rich streamand a waste stream The

nitrogen rich stream which contains a nmagjority of the
woRarogses from the nitrogen streamin the | i nePQIOS2006042847

recovered fromthe second §§paration system 2 11 by

way of a line 212. The wast® stream which is also

considered as a nitrogen | ean stream is sent through

aline 214 to the waste gas deconposition system 116.

[03391] ﬁﬂhe@ilﬁ@g’eﬁ%bhféﬁm@gm%q@éﬁin%e 'ﬁi&ibrgﬁfé éy&eﬁlmms

In FI enbodi nent in Fig. is the sane as

pasged %éough%dm@t?) 3Priathethie shistanoha whquh irsthe & zmgl s |
8
FRBSEAE MR LA R 887 R R

Btirezim Bigh aamrogamcaitemt egits the PRA| s9§tbﬁ1y.% 18fandl isctdiheet ed
noner_.and i s segar ated in the second reaction

Qi e 3&rﬂ§ 33nbhe lghmt@ﬁggﬁ copfent] sitgam zap be pgnadi A
SR Ab I BR0 AN mOLnO 30, SR BIAably FoRRU KRS oRERLES
dewFserp aysttem,l guah aebpodictimgtthe mnogdsmt;hrmtr%hshd hee 3xeto ohe ar

e rier, .systemas part of the separation
3@%%%%#?@“@%%) é%%onponentg and a mastepgas
(B0 OSIHe FE ity StheB dePara bl 3 Mel Pl dpéted! 3148 Eé'%lvéﬁéd by

destruct unreuseabl e hydrocarbon separated fromthe
W@Wﬁ@ tine B3R 1Be G stoeani m@r@forabbereewdonithcmﬂymetrmmn n

ety e RO o D1 GR0R ANDR LR e PRD TE FCSReam

b@«dmbs amlilémmatwrdrﬁe %xfa@é‘@ dviRetime] a/patibi of the BtréR 64 B,
i, sent, to a purge bin 300 through a line 302.

fiseardebin ansmger gREoRTEte I Rinigize KRVIFNRFAata) contanation.
fdy2epah sﬁegﬁe Sudife eﬁ%@ﬁemﬁﬂ@%%ﬂ; olPo% erove the

varl ous rocar pnon rrat eria e pur

i L R 4o

vmabmena iapldividednal arfvilict ©6B6dir1EnE €hif dfehifor R]B&tted
through a line 308 to additionally purge ureacted

MRNOMAIprodehs SRRk epindl Mtatknly d6m! ?ﬁﬁﬁgﬁﬁ Jnb @ oRe

pol ymsr Pol ymer pr oduct I's renoved Tromthe secondary

g@p@]@eltsawat@@g systewgh aélubrln@e@mO@@wQN nretpbly a

R e N LA e T—

polyger prodeasirbym WaY a ofastd siredie, sddding afldadt BSoRIbhGT the waste
stream [ Snotfnt to a separation system which is
arg dgcoppnosition sysian enproducedpsueiad wastp gieam;

Qfﬁf fele%gmg Wt RBructiews gt 8k alﬂﬁfs{phgfe. system i ncl udes

2A.  The process of paragraph 1A further comprising forming hydrogen
fluoride gas within the non-flared decomposition system and converting the

hydrogen fluoride gas to a water soluble salt.

3A.  The process of paragraph 1A or 2A further comprising reclaiming the

water soluble salt.

4A.  The process of any of paragraphs 1A to 3A wherein the water soluble salt

comprises sodium fluoride.



bot h a nenbrane system 316 and a pressure sw ng
absorption (PSA) system 318 in the particular
weedodorsent shown in Fig. 3. [0316] |In the enbpdi/msIv06/042847
shown in Fig. 3, the condepser systemincludes a
conpressor, settling drum and heat exchanger. The
condenser system 314 is operated as a conventi onal
systemin that the material sent to the systemis
S4onpiThs pwdessod ehedf panaerspipdriatoeth ivhe@invthe wates soluble salt
conponents according to the respective boiling point
COTNES € lufrhﬁuqff : 3, enbodinent, a majority of the
: m)nonﬁ?[ and F% are_condensed and separated as_a |iquid
68t r edhF BYPceyPt any of parpggapisd A terids whesgin thestonellsedan be
e SRR B pl s Onf BERBRARNcRR shBorcd RonhEERNE
cémsistiog afrplydrogemttiobalcydrationt therma axidatios,ymitl eatalyfio317]
Li.gher boiling point conponents are renoved fromthe
018%5Fbssor system by way of a |line 322. The stream
flowng through line 322 is a nitrogen rich |ine, and
T8ont Eﬂﬁgroaeﬁwj% ary ehpasasranhs 14} tordy avhesein thement fiased
: [ The nitrogen cont ai ni ng
dg?r aﬁ?@%sﬁ¥%%€§%§&#§aggﬁéé%o t he menbrane system 316

oS ] t.ai ni treamfromthe FC,
ononhe PREEs PEhy PR (A B BiebetE Mpafearct?
decompositioh Systelh eomprides an énciefatbe sel ect ed according to
the particul ar separation desired. In the enbodi nent
9showmhé ﬁroEé@ of any 6f ke hpRt1irGlo 820 RHeRdin Bfc dabiytiRMpPEr

and/ or. hydrocar bon conponents are separated and sent
oxidizs¢h §ecomnopitien sysiem cempriges $tiraasition skl eyideisateligh | i ne
324 contains a substantial portion of hydrocarbon
18dmpEheprosess of apaof nacagraphis | Atod¥ iwhsreid éwiFGtingainingt he

' ' L th t t.t
sty BB histlerShhE b WSieBART 26 Foray o Bodg ofgor,
moBSieparatioe sytents cobliRisel APy dskiow Mhing! &idﬂiﬁ%,t he |ine

324 contajns a substantial portion of useful nononer .

cdentatian, dissdlation splepitve haadesepanaticne alpsorntions orzat i on

Sisih _t_he stream can be sent to a !ine 328 back
“to tﬁggnp%%ﬁferl zation system [0319] The nitrogen

nt ai ni st ream ) eavin e rane.sys 316 .i s
1R SO Festoh S5 et 1A TR R S tming
stwdain; Polyhier pio@uét streard afdrRAsk BRBIm atere@PRRIABGBUS

conventional two vessel, back-flush system A stream
copdgpsatipn and selgtine PEHERPALPE-s t he PSA system 318 and

is sent either
12A.  The process of any of paragraphs 1A to 11A further comprising

polymerizing the one or more monomers using a solution process, gas phase
process, slurry phase process, medium pressure process, high pressure process or a

combination thereof.

13A. The process of any of paragraphs 1A to 12A wherein the recovered
polymer product stream contains not greater than 100 ppm by weight of total
hydrofluorocarbon, based on total weight of the recovered polymer product

stream.



through a I'ine 331 or 332. The high nitrogen content
stream can be vented to atnosphere through the |ine
w@3R7/0sp6 i s preferably reused in the purgi ng PET/US2006/042847

recovery system such as bysrecycling the nitrogen
through the line 331 to one or nore of the |ines 304

and 308. [0320] The FC rich stream separated in the

PSA system 318 is recovered by way of a line 334. The
He\.st Thapropess pf abeelfaragraphe d Adoil A herpdl therpmite atréaom

REEEEIRC Sorbrorqtf B A Gt B R R b
degeaen RY/A6w ratereRrad0y 4 hoRlorb&®bSH SR MLERD uhf

di scarded in a manner appropriate to mnim ze
@Hé‘?ﬁ%ﬁl@@ﬁ{rzﬂe ot eeptshtianR.1:1.0321] Speci fi c,
illustrative enbodi nents include the follow ng: In at
1 ¥ st Thaqwoegse ef dnyof@atsgiphe hA to 44 Arvdwesis tHeowaste stream

SR al et Tt GedORORREE e A ¥altBen iy e

thatde astsereemthirs 6% @ fRAR PAdubGordrabd, Xt Ur € conpri sing the
one or nore nononers, a cat al yst syst em and a

fdAJorA Bascesk dawibrRRaendrzing orR'o? frﬁrﬁm&oﬁters in the presgnee

hydr of  uor ocar bon; recovering fromthe m xture,

Srifiliew coprsisinadiq (paefpsbrhsdrqfhodecatbos) toefarm arpdlyaner;
i t .l ti f ot {
{88 fin2 BRI S I PR i BBt Bb bt b i
of titeBE inig perge vasdng sshargip thapargeelreas inng Kbh%ﬁty of streams

.dels ruc ig waste streamto at nosphere. . e process
8¢ “‘éi&g a& GRAUANE STeane FH%WB$tP sireagn fand aensipgatdeasyen
okt 1R 4o ! | Bdpositi
OISO Ee HASe Ml b L ERAR ok AR ERCARTATRAR! bBMhpgsijon
syettmr sol uble salt. 3A. The process of paragraph | A or
2A further conprising reclaimng the water sol uble

194l t . ThéArocBbeofipatnessh A, &iyhedtomphidss aphsnd HydrSeedA

erein the water soluble salt conprises sodium
4\‘42’88? g%FeW’élAn\@%] ermalyes satghytigally eidiged desomphsitiomsysten A

RIS L e sy

fluoride. proces paragraphs 1A to

, ' - it t
L e S e T T
solmbkisalti ng of : hydrogenati on, hydration, thernal

oxi dation, and catal ytic
19A. The process of paragraph 19A, wherein the water soluble salt comprises

sodium fluoride or calcium fluoride.

20A. The process of any of paragraphs 16A to 19A, wherein the thermally

oxidized decomposition system comprises a furnace or incinerator.

21A. The process of any of paragraphs 16A to 20A, wherein the catalytically

oxidized decomposition system comprises a transition metal oxide catalyst.

22A. The process of any of paragraphs 16A to 21A, wherein the plurality of
streams is recovered through one or more separation systems comprising
compression, flashing, cooling, condensation, distillation, selective barrier

separation, absorption, or a combination thereof,



oxi dation. 7A. The process of any of paragraphs IAto

6A, wherein the non-flared deconposition system
w@eoeopioeses a furnace. 8A. The process of any OPCT/US2006/042847

par agraphs A to 7A wherei M4t he non-fl ared

deconposition system conprises an incinerator. 9A. The

process of any of paragraphs |A to 8A wherein the

catal ytically oxidi zed deconposition system conprises

34+ ahle PIOES AEIRY Olarasandiad anye £2A walremifhe wsel of
anRfis &@Bf’&é@tﬂ%ighgoﬁ&ngﬁion‘%ﬁﬁa Qive e feC sGRMHRLNI Ng
StTeam got mrer p onuct str ;eam Zn vv?_st (re] stream ar e

AR o RO gt A Do e AOB YR FARCA e BB or more

fRncaesatd ulymekifilidsingta solutiof raetd, Y& fhakd pretess, slurry
separation, absorption, or a_ conbination thereof. 1|A
RS PTOSEBsBICGIIIRIGSSHIC RIageas Mg CFSAre RFOQISROT fFRIRRIpRHoN
g FC containing stream polymer product stream and
waste stream are recovered through condensati on and

ectyve barrier sepa I.Q T, .
37 pa bt Fiab R o by STRRHIRI A0 23100 PP Bty Bt
. BOliyreeoveréda thdpurgs etréim BPpergiptePslsmeswith nétrapeh.ut i on
process, gas phase process, slurry phase process,

DBAll UThPpRSEd 08 aldf OGRS Saraghs ABARD QSAyme@fnogﬁ%%@fst@am is
conmbi nation thereof.” 13A. The process of any o

paregechipe thapyrge steggtwher ei n t he recovered pol yner
product stream contains not greater than 100 ppm by
deA ghTheprotess aff pirpgraph L6Ay whereindhe revawwefl mitrogent siteam 1s

wei,ght of the.recovered Jpol r _product stream 14A.

e 5 pcas e RV TR SRPSEPADRE | A to 13A. wher el n
te stream copntains F referably.

ﬁ%f g%ﬁ%‘i"&%%"%%‘?jo agr@hégfﬁ%pte?%@%&bﬁﬁ%ﬁtﬂswm

sHthiREhAb géﬁ‘atﬁci\s £ iR R RItRINAR ¥ mAit a nitrogen flow rate

hydr of | uorocarbon flow rate) to unit production flow

that & nof greeter thae &beof utitgrod@tion tate.15A. The process of
any of paragraphs 1A to 14A wherein the waste stream

goAt aAnmlyménregeeryeprdedss camptisib®sdphemtidg dlooguused | on
B e SRS 252 Fonk S BB E2 g e
separated FC in a purge stream and the polymer in a product stream; separating
the purge stream into a plurality of streams including an FC containing stream and
a waste stream; and sending at least a portion of the waste stream to a thermally or

catalytically oxidized decomposition system.

30A. The process of paragraph 29A, further comprising forming hydrogen
fluoride gas within the thermally or catalytically oxidized decomposition system

and converting the hydrogen fluoride gas to a water soluble salt.

31A. The process of paragraph 30A, further comprising reclaiming the water

soluble salt.

32A. The process of paragraph 31A, wherein the water soluble salt comprises

sodium fluoride or calcium fluoride.



16A . A process conprising polynerizing one or nore
nmononers in the presence of a diluent conprising FC
w@ proghersabl y hydr of | uorocarbon) to form a pol yP&r/US2006/042847
recovering a mpjority of t pol ymer in a polymer
product streamand a majority of the FCin a purge
stream separating the purge streaminto a plurality
of streans including a FC containing stream and a
YR8! eTRE pRBESs oRBikly SEEIRASHRRIAGB SE AawRSHeln tAS cahlytifdly
waste streamto a thermally or catalytically oxidized
dxidizah detominesition system cAPpLIscFadrappitior swta poié caighyshh
16A, further conprising form ng hydrogen fluoride gas
ddAhi Tihe precessef may dfpacagrapiis A0%t tb 8AAL wheeindhe eafalytically

deco sition. systemand converti.ng the hydroge

PTOGE darogimiehh Bt Spoagrea s méfe) REG A, oo
ledd! RSGhARNSrody éonsfsﬁhghﬁrcaﬁﬁﬂﬂbki%i} dlunfsidionideg t he
wat er soluble salt. 19A. The process of paragraph 19A,
whegnesium pride,patorunsofids (chrosaiim exadepiddws. oxgles.um
fluoride or calciumfluoride. 20A. The process of any
85 ApaThgpmpbs of 6y vipat@aphsi?@Aad 34Ahwhertear thre bluyality of

oxi di zed decqg&gsi%ion S sten1%%$gris?s a furnace or
PRI P LRCBY oG Ueh-ARE Oh PERERAGHOR PSR (PR #ohs
8 hpieSsidDMNasRE (Bbind BEndeabatlon! disalldivn ¢lcdtiveBhrrier
deconposi tion System conprises a transition netal
sspiatibion aabaprpEion, oY 2A0nibhetipr Bwesed. of any of paragraphs
16A to 21A, wherein the plurality of streans is

{0323V er dfaviitig wavg fullyrdesaibedtinie inveptiors it will boypprsaiated by

RSN RO TR GRG0 B wide range of
?ﬁﬁﬁl@@hj Whin3@HO [sildifed, Withoyt 66HikoféA Thd peftenll s of

he process of any of paragraphs 16A to 22A, wherein
thednyntion) Adldosrments degesibedherein gyeingerperatas yrreference

SRS TR Sk GoRD SR 0L R BEPRE LA ik ten

g aeot diicoNBisEnIWIlO thiy texarAs is@bpyareitifoadtheSoregoiag general
sol uti.on process,_gas phase prqcess, stgrry phase

h
prssapEan adle SRRCHicIindimpity VB, fonpyef thy BYERHQR have been
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tioen tREspisit nmtwepe efithe mviehiorp uA gerditgly aitisoyot pntengled ghat ke

an/le fion bél\filgﬁ"te& Jchterregg.e r};ikewise, the term "comprising" is considered

Qn

synonymous with the term "including" for purposes of Australian law.



26A. The process of any of paragraphs 16A to 25A,
wherein a nitrogen streamis recovered fromthe purge
watoeamsI7A. The process of paragraph 26A, WhECEBUS2006@12847
recovered nitrogen streamis, used to purge the polyner
of hydrof | uorocarbon. 28A. e process of any of
par agraphs 16A to 28A, wherein the waste stream
contains nitrogen and is sent to the deconposition
sgsiamst a nitrogen flowrate that is not greater
than 6% of unit production rate. 29A. A pol ymer
recovery process conprising separating fluorinated
h r(/%lg{.bon (FC) (preferably hydrofluorocarbon) froma
pol'ymer’; recovering the separated FC in a purge stream

ahd t h& ppseys@impriding RERLME b rdikiBEBImHERRY AL 0AE of MABre
purge stream.into a plurality of streans 1ncluding an

PEORYRE S Afiatndyss systemviagha flnonieaiedhysirocazhon (BAY reenveiing from

ril : streamto a therma|ly
one pRaFs, i R bA AL 25 VDR RB i el B bl e
'Tmax_ns sEndsg ap leapiar pgtiapf A0 Mvasth Wirédheto @ﬁdifpﬂht‘éid@gomposition
form h‘éfroggfluorlde as V\Athlnt_hetherrrallce/ or
cSXF‘SF{}BiPE ey 2 gR§iERcled gvas siad 1gleagiys thedestmpted waste
CadiRYAIth bidghshh&ehydrogen fl uoride gas to a water

S
sol ubl e sal P 3l A. The process of paragraph 30A,
further conprising reclaimng the water soluble salt.
A. rocess ,of ragraph 3l A _.wherein the water

1 ubt DA RS8R DB BB it e oraedp desere e eas
fWitkan kigbenod Ithred & oRHBSIESS st @!@kﬂﬁ
32A, wherein the cgitpgl yti (:§(a%IE Inia%dx%livglgig@g%c rrp%‘%%tﬁlugﬁde
Spstamelsrerlnklesals transition netal oxide catal yst.
34A. The process of any of paragraphs 29A to 33A,
wherein the catalytically oxidi zed deconposition
sy st effihe pagurebsefldmt ¥ o fitrfhencomiriingrs8RniB AR wabr
se ted fromthe group consisting of: cal crum oxi des,

%@t oxi des, magnesi um oxi de, pl atinum oxi de,
chrom um oxi de and iron oxi des. 35A. The process of
any of paragraphs 29A to 34A, wherein the plurality of
¢k r earfhe processorfizay of clietmolLigh3 wherelr theomer seipbleatlt on

[ risi conpression, flashing, cooling,
géﬁl 'g%éasgﬁ%gﬁl,ﬁ%q@gi Ilation, selective barrier
separation, absorption, or a combination thereof.

5. The process of any of claims 1 to 4 wherein the water soluble salt

comprises calcium fluoride.

6. The process of any of claims 1 to 5, wherein the non-flared decomposition
system comprises one of more systems selected from the group consisting of:

hydrogenation, hydration, thermal oxidation, and catalytic oxidation.

7. The process of any of claims 1 to 6, wherein the non-flared decomposition

system comprises a furnace.

8. The process of any of claims 1 to 7, wherein the non-flared decomposition

system comprises an incinerator.



[0322] Having now fully described this invention, it
w Il be appreciated by those skilled in the art that
wo b@7ioensedt i on can be perforned within a w de PENYE2008/042847
paraneters within what is &7ai ned, w thout departing
fromthe spirit and scope of the invention.
AUdocunent s described herein are incorporated by
reference herein, including any priority docunents
and/or testing procedures to the extent they are not
nco ] r QM1 he
bor ogm e aeaat Al St 10 8, Pl REBRGH Ay R
darbmgbsibon systenhecdreprises mranditiothmeiahvgids canlyftave been
illustrated and described, various nodifications can
be made w thout departing fromthe spirit and scope of
the | .  oal e ,
e | ko AT e 2 M S e R e,
PR wnpr redun stréam avheistiestedmsara osvprond thepugdh dneer neren

“incl.uding” for purposes of. Australian. .| aw CLAI NS W
PR s PR BB RuohTish B PHnE Fomgstin
distilpitios] selectiebarier separtiéiS aBRMEUDRY, 87 a SorthaloSthesyst em
and a fluorinated hydrocarbon (FC); recovering from

the m xture, an FC containing stream a pol ynmer

d . ' . | i
Dol PR GBS o PP R Do

rhédymemmsditct sineany atdewastostypancite escaveted throupghadnd@shifon and
streany and rel easing the destructed waste streamto
Sgieﬁﬂg‘?)ﬁ’?é?‘gseﬁ?‘raﬁ% process of claim1 further
conprising form ng hydrogen fluoride gas within the
non-fl| ared deconposition system and converting the

By dr ofwrpre¢espof ahy of akrims 1 40 Whfigthes cdrupisingiadlymedzing the

(?{?%(r:%ss of claimJl or F.further conpri si ng re(il airEilng
& WY OGBS VSIS & PR PHYEESS, &° BPCesfyS\GFy phas
Eb&dsEBnelitif peswiie Eﬁic@ssE high Pedstiire PRICER! & aBhibilIBR ST,

sodi um f | uori de. The process of any of clains 1 to
4 wherein the water soluble salt conprises cal cium

fal UOr | aj 1.t0. 5

£ oo B RAOBERELSL S0t BL AL Bk b .

produco ftraunt eonsaisd WoTRredr dtincldOfppatby Weight siiptatonsi st i ng
f.:

h%ldroﬂuorocarbon, based on total weight of the recovered polymer product

stream.

14.  The process of any of claims 1 to 13, wherein the waste stream contains
FC and is sent to the decomposition system at an FC flow rate to unit production

flow rate of not greater than 0.1:1.

15.  The process of any of claims 1 to 14 wherein the waste stream contains
nitrogen and is sent to the decomposition system at a nitrogen flow rate that is not

greater than 6% of unit production rate.

16. A process comprising polymerizing one or more monomers in the presence

of a diluent comprising FC to form a polymer; recovering a majority of the



hydr ogenati on, hydration, thermal oxidation, and
catal ytic oxidation. 7. The process of any of clains 1
W 2006/06Mbper ei n the non-flared deconpositi on SyBCEIS2006/042847
conprises a furnace. 8. Thegprocess of any of clains 1
to 7, wherein the non-flared deconposition system
conprises an incinerator.9. The process of any of
claims 1 to 8 wherein the catal ytically oxidized
pldgmapiasi golynergysdietstoanpanidsesajarityr afitbe FC ama petgalsiream;
oxi de catal yst. 10.. The process of an f clains 110
Spatthes epu g tREn RRCRINRHY L SHEm PEBAARE G PoteRS
S BPRAANFa PSS mS bl PETURL St [BGAVREEsh sMhoWakte SRQNPI0 a
nore separation systens conprising conpression,
themsdilyng catabuicallgoxidizadidersmposition syséaoh.| | at i on,
sel ective barrier separation, absorption, or a
conmbi nation thereof. 11. The process of any of clains
7.t 0 Ehb prob&E 8F Blatnh 6, tE@RbaipHkEIRY ferlif@RydrogdnyMitide gas
product stream and waste stream are recovered through
vishindhe tiermallyagreatabitiselly oxidisad decompesitansystapand 2. The

@Jq%ggf?%tl?g trlﬁﬂ%( %e%fﬂu%kﬂé ggs tg) atVQatér]soi&!')rlé &%r conprising

pol yneri zi g € One OF noDre nononers usSing a solution

process, gas phase process, slurry phase process,

medi um pressure process,.  high pressure process or a

Ebrbi Rt propese néelepr 17, f§rtheppomprising seclyming,he gatr soivpie
it 0 12 wherein the recovered pol yner product stream

contains not greater than 100 ppm by wei ght of total

hydr of | uor ocar bon, based on total weight of the

covered poly . product .stream 14. .Th rocess. of
Ly o hEpraPe b1 St 19, Vi e ety BT RS RRS sobhum
AR R Jreakfun?Adodid. Sent to the deconposition system at
an FC flow rate to unit production flow rate of not

greater than 0.1:1. 15. The process of any of clainms 1

1R CoRtC BBt R APRE DG T PP B BRR R,

t&dogpobitibn kstdin togpass arfuinhedorGboinératoni t producti on
rate. 16. A process conprising polynerizing one or
nore nononers in the presence of a diluent conprising

{2: ﬁeL 8?@&?}%@@% RELYVEF claihRGB4E 20 NWhdeiMBhOLdtAIYti Ly oxidized

I'n a polyner product stream ano} a nmgjority
décottpesiEith systam pompeses tarteasitios eptal akidagatalyst. pur ge
streaminto a plurality of streans including a FC
cont ai ni ng

22.  The process of any of claims 16 to 21, wherein the plurality of streams is
recovered through one or more separation systems comprising compression,
flashing, cooling, condensation, distillation, selective barrier separation,

absorption, or a combination thereof.

23.  The process of any of claims 16 to 22, wherein the plurality of streams is

recovered through condensation and selective barrier separation.

24.  The process of any of claims 16 to 23, wherein the one or more monomers
are polymerized using a solution process, gas phase process, slurry phase process,

medium pressure process, high pressure process or a combination thereof.



stream and a waste stream and sending at |east a
portion of the waste streamto a thermally or

we aioalogtsheal | y oxi di zed deconposition system RGT/UTI006/042847
process of claim 16, further, conprising formng
hydrogen fluoride gas withitf the thermally or
catal ytically oxidi zed deconposition system and
converting the hydrogen fluoride gas to a water
soluble salt. 18. The process of claim 17, further
conprising reclaimng the water soluble salt. 19. The
B?-ocedBe process it any of cleimsr16ita 2¢ heheeindhe wajouity ef thaFE is

j ' ide.or.calciumfluoride. 20. The
R 0 Bl bt B0 R o Bofme i
thermal |y oxi di zed deconposition system conprises a
E rnacg or incinerator. 21. The process of any of
fL’J'ai s R BrOEEss o6 anypkglaims 16re Zéawgqrymiadamgﬁn@%ﬁmz%d
R§8Q58955&hﬁ@Pé%§%§&?%0npriSes a transition netal

I . .

oxi de catal ys e process of any of clainms 16 to

21, wherein the plurality of streans is recovered

rou one or re.separation systens conprisin
%Zn‘p r gE%prgﬁ?sspf g@ﬂ? aé’, ‘Bﬁ%gpiﬂilfgfec Vcﬁﬁ?jgggggqnngﬁﬁrpam lg used to
Pingt tHel plyrdt of 1§HRELbNBaBAAr | €7 Sseparati on,

absorption, or a conbination thereof. 23. The process
of any of clains 16 to 22, wherein the plurality of

' t.h h d ti d .
2] coFhe boghs BPUT GLolipiied 6 3MAEER 3hq P d¥ioapy conpos
nirogéraandsis $€nt tOthd Aecomyys@ion syiemQi 8 nftfogeR FBwRRAARSnot

are | yneri zed using a solution process, gas phase
%"FB‘GE@@P O Qfrynit 13 opEdRess, nedi um pressure
process, high pressure process or a conbination

t hereof.25. The process of any of clains 16 to 24,
Yher eAmpolymeermejoveiytproaks tdmpristhg separatioy du@thated t he

uyge str b urgi ng the polymer with nitrogen. 26.
ROk B ot Bimet repoive i seppiatod e it o Aige strean
Md thePEmeF [eApRotiSct” : i i i
B R e Ok PR 135 Ay
ofi tieage mehdingan FE cogfedingstpanged b hesieohyaey andfsending at

r.of r rbon. 28. The,process of. any of .clajnms 16
R Porti IRl sfedn £ SpPRBIFEE sfab A oidedh Bnd
dezom@oditibosystegn.deconposi tion systemat a nitrogen flow
rate that is not
30.  The process of claim 29, further comprising forming hydrogen fluoride gas
within the thermally or catalytically oxidized decomposition system and

converting the hydrogen fluoride gas to a water soluble salt.

31.  The process of claim 30, further comprising reclaiming the water soluble

salt.

32.  The process of claim 31, wherein the water soluble salt comprises sodium

fluoride or calcium fluoride.



greater than 6% of unit production rate. 29. A polyner
recovery process conprising separating fluorinated
woygarocespbon (FC) froma pol ymer; recovering ther/us2006/042847
separated FC in a purge strﬁﬁn1and the polynmer in a
product stream separating e purge streaminto a
plurality of streans including an FC contai ning stream
and a waste stream and sending at |east a portion of
BBe waht prosbds@dany of dainseonm3Rywhkreinahatatilyiaillyyoxidized
oxi di zed deconposition system 30. The cess of
EpeanRopbion SYFeH SPIPHRTA %ﬁnﬁ]&(’fl sretal ﬁijldﬁfaﬁag@% n fluoride
gas within the thermally or catalytically oxidized
deconposition system and converting the hydrogen
Bhuor Miepgessstad aay vAtlemmss 3B ewhabin. th@datalytiealfyrozidizs!

of claim 30, further, conprisin i m h ter
R P e R RV R R
YR &b Egréﬂ{ﬁg §Plcﬁlcmlﬂ§ﬁ§lu§ﬁﬁhﬂ Bkidks) HidgfEsi@h oxide,
calTi uorfde. 33. The process of any of claims 29
lpbltlﬁﬁm (wlr@; dnmrrmlm oghieahy trow akidys. oxi di zed
deconposition system conprises a transition netal

oxi de catal yst. 34. The process of any of clainms 29 to
38, WTRE ldeeds T a6 batMinksCA to340wheleinatle e« ofstidams is

system conprises a transitjion netal oxide catalyst
sedouened threnginenerns TRATE SEPAEAHINE ISYHLPIHY CHURPTINNG COMRFESildes,

e [
ﬁﬁlr on‘?um o@ gédgﬁ ?oﬁg%i%gé’ssgﬁgg‘%%g pr}g)cess > of any
@fnscﬁbtmrﬂsrieommn&zﬂqnﬂmwél n the plurality of streans
is recovered through one or nore separation systens
conpri sing conpression, flashing, cooling,
condensation, distillation, selective barrier
separation, absorption, or a conbination thereof.




