WD 2007/ 061596 PCT/ US2006/ 042847 | POLYMERI ZATI ON PROCESS AND REACTOR
SYSTEM I nventors Larry L. lacino Robert O Hagerty Kevin B. Stavens Field
of the Invention [0001] This invention relates to a polynerization process
and a reactor system for making a polynmer product. In particular, this
invention relates to a polynerization process using a ) car bon,
and a reacV8rP&t8Mm providing for the recovery of thg%gﬁﬁ’r‘%@%&?oduct and
t he hydrof | uorocarbon. Background of thhe Invention [0002] Polynerization
general ly invol ves polynerization of one or nore nononers to nake a

pol yneric product. The pol ynerization reaction can be carried out using a

wi de variety of rpaiNMERIZATION PROCESKAND/RELSCTOR $YSTHM nononer feeds.
Often, liquids, diTuents or solvents are used in these polynerization
reacti on processess for various reasons such as to increase the efficiency
of the pol yngLizatd O”LWEFIEQHO and recovery of polymer product. [0003] An
exanpl e of meri zatlon process that incorporates the use of a dilutent
is shown in U S. Pat eRpbdioO. Bgéit®, 143 (Schrage et al.). Specifically, the
Schrage patent discl o¥s. % gébor atory scal e polynerization reaction that

i ncor porates the use e:le §3ﬁi c fluorinated carbon conpound as the
dilutent. [0004] Polyner production at commercial scale typically results
in the production of a polyner product having significant anounts of

ent rai ned € rial such as unreacted nononer, as well as
various |evepgolf THishiv&Rion SNk olﬁiehbﬂﬁi&h%mc@@taﬂ& ¥ BdaStoPRtedf her inerts
and/ or non-reactive conponents (inéerts). Separation and recovery of the
pol yrer pr odaemakipgapelpoir rrodust. Xn pesiculpr, dompuendian selatssgpéal |y i nvol ves

passi ng the Rﬁlm . O i L i eactor into
purge bins, ‘W é@??@&g%%%“ﬁ}gﬁtég’g@ |rr?{;£rrg ué@“ﬁaf‘%ﬁ%%ﬁﬁﬂé‘ﬁghdr"g@“ in to renove
t he undesi r dbt the ngteary of the polamen fredusOnAEAORYBE LGB aBGT/ US2006/ 042847 2

Background of the Invention

[0002]  Polymerization generally involves polymerization of one or more
monomers to make a polymeric product. The polymerization reaction can be
carried out using a wide variety of reactors, catalysts, and a wide variety of
monomer feeds. Often, liquids, diluents or solvents are used in these
polymerization reaction processess for various reasons such as to increase the
efficiency of the polymerization reaction and recovery of polymer product.

[0003]  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



pol ynmer product. Conventionally, the nitrogen and undersirable material are
vented or sent to a flare systemas a waste stream [00051 U. S. Patent No.
5,769,927 (CGottschlich et al.) discloses a process for treating material
that is to be vented or purged froma polynmer manufacturing operation using
a three step separation technique. The techni que includes condensation,

fl ash evap®O2WHK1I¥Ad nenbr ane separation to renove coﬁﬁSﬁ@HP@mngﬂch as

et hyl ene, propyl ene and nitrogen. 100061 U.S. Patent No. 6,271,919 (Baker et
al .) discloses a polypropylene manufacturing process that includes using a
gas separation nenbrane to separate propylene frompropane in a reactor

vent stream The separated p[oQI){I ne.is C|££L(L:ngil atﬁg back to the

pol ymer i zat PORmEEReEw: Genveriogally, ogph &rdprsrableateng 2T or oved

pol ymer i zat yQfled8:A6RIS § HaresPier® ¥PAWhEe stfePUCI Ng reactor foul ing at

commerci al scale, enhancing the commercial grade slate of polyner products

produced fr 8008 gi k% Heteothie $,76P387 Eaasisphlich 61 alidisclosss @ preessder capacity

w t hout si gpif ' t t hese j nts necessitate
nore effici [e}%l{dn 2‘%@3%&3}3%& ﬁéfp%%lv“”&gﬁ&g Vi r%ﬁ%@%\%ggenefi ts as well
as cost redupdratinusinghalireé steresepatetendihnguenThdrechnume irwlisgleconponent s used in

pol yneri zati o rocesses inprovenments ol yner, roduct recovery and reactor
syst ems forc?'glf’g??'@?rf’ 5}&3@%0@ s 55‘}&/’%“01?%\/5@?1?%05%5%%0% i s needed,
particul ar | yudhhis kihgithe, Qfop9leqs ardt@idgicA envi ronnental constraints that
continue to_be irrposed in the chemcal manufacturing_industry. Summary of

the | nventi 899fbo0dhS Rappble $H27 §19 Hakend al. AisdesenaPAyYPramite@enononers i s
provi ded. | thahactlitfiroRRCHINATd: GsifER O BPArion RIS SpalaldC! UES
preparing a m xture ~‘conprising the one-or re nononers, a catalyst system
and a hydr pfopplenofrem ipopaneinlayeactor vens swesar. bthe sepamated propidenstis eam  a pol yner
product st rf?cﬁﬁ%%%ﬁ NasLS bt le%gﬁo{a%?ge\ﬁered fromthe mxture. At |east
a portion oF the vvasfe Y R YT 0 a hon-flare deconposition system
to produce 00Test Miekeack nwadst for inipt@etpolamedrizdtion gestssescfoeexangdd e streami s

rel eased t-ored%gilqg ?dgptg; E)hlinvgt %(())nqgl]e'r%?a} s509 e, £ aléclfrisgztgeo gc/)n(l)lflgr%fg grag’e

slate of polymer products produced from a given process, increasing polymer
production capacity without significant investient where these process
improvements necessitate more efficient recovery systems that provide
environmental benefits as well as cost reductions. Therefore, depending on the
various components used in polymerization processes improvements, polymer
product recovery and reactor systems for recovering reusable materials and
lowering emissions is needed, particularly in light of ever changing environmental

constraints that continue to be 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.



[0009] In at |east one other specific enbodi nent, the process includes

pol yneri zi ng one or nore nononers in the presence of a diluent conprising
hydr of | uorocarbon to forma polynmer. A mgjority of the polyner is recovered
in a polymer product streamand a majority of the hydrofluorocarbon is
recovered in a purge stream The purge streamis separated into a plurality
of streanms YVAZPUHCHE® a hydrof | uorocarbon containi ng st PEEHFAMP44hast e
stream At least a portion of the wa%te streamis sent to a thermally or
catal ytically oxidized deconposition system [0010] A polynmer recovery
process is also provided. In at |east one specific enbodinent, the polyner

recovery pr i ncl udes separati hydr.of | ugr ocar haon roma polyner, and
recovering m@§iep§?gﬁgﬁf??ﬁﬁfﬁﬁF%i}%ceﬁﬁéﬁwf“h%gpﬁ({??%emcshfdcre%am and the

pol yner in okl ofd sraddtt mbhem@y r0he flescpodnl sdimenabmpedng nto a plurality
of streans including a hydroflugrocarbon congai ning streamand a waste
stream At hagreflurognshanip forgra nokancia Ateaigty S5 HEPCIVEIERIS 18c8VEIed Wek mal |y or

catal yti cal Wl Lt d i el of the
?151{%?&# ﬁ.lgagrgtsg&ﬁmm%arﬁg oBthe Wb b &lboReseldvile ¢a

Drawi ngs [0 ched FiglreS represent various aspects of the
i nvention. Phege sFéagur B parge sirptne ischepirates] into aplaralit of straams élojudanganpl es of

speci fi ¢ emyadi ngnt w thin. the. scope, o h ver NV i gn as clai ned.
[ 0012] Fi gur‘(’1 gly?%ﬁfl%%%ar%oeuncelrl%g&%Sg\?vmglg%dgar%?ﬁtt% e%ﬁ‘eAg(E)%af}a P ﬁQ)rgcogvery syst em of
t hi s invent ilewasiQ@ttah iFsegito @ thebmalby @ caalyecdlly okidived deagpasiiaf t he pol yner
recovery systemof this invention that includes a flash tank. [0014] Figure
2a is a roW%‘?ﬂégram of one enbodi nent of the invention that uses a first

and second $s@ay at imﬁblfqﬁerfrkdosery@mséqg alfo PYyGiHaL anh RPRast bedspsdiieam and then a
nitrogen rich stream [0015] Figure 2b is a flow diagram of one enbodi nent

of  the i nveRmbetimentathe POLYBIST BoqierRRrogERYnglBEes TEPSEBE PIPEIPTPE I st recover a
nitrogen ri ¢R,si Ramaad rEJ&,%m'ar%mg?ﬁ%ﬁ%@?ﬁ%ﬂﬁdﬁ&%ﬁgﬁ@ﬁhgé9£Pe1a§1] Figure 3 is

a fl ow di agram of one enbodi vention t ~Includes a
condensat i orndthepelymani aprighict stesams Epapures greamyis sepamateditea07/ 061596

PCT/ US2006 1%&1%514)7 of streams including a hydrofluorocarbon containing stream and a waste
stream. At least a portion of the waste stream is sent to a thermally or

catalytically oxidized decomposition system.

Brief Description of the Drawings
[0011}  The attached Figures represent various aspects of the invention. The

Figures are intended to be viewed as merely examples of specific embodiments
within the scope of the overall invention as claimed.

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

[0013]  Figure 1b is 2 generic flow diagram of the polymer recovery system of
this invention that includes a flash tank.

[0014]  Figure 2ais 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 systern.



4 Detailed Description of the Invention 1. Introduction [00171 This
invention is directed to a process for polynerizing one or nore nononer(s)
in the presence of a catal yst systemand a hydroflurocarbon (HF C) in a
reactor. A separation systemis used to renbve various conpounds fromthe
process, sone of which are recycled and reused. Those not recycled or reused
are col | eNEYHY 1 Févast e stream and deconposed pri or tﬁ?ﬂ‘@?@%‘@*ﬁo t he

at nrosphere or disposal. The separati On systemis designed in one enbodi nent
to recover all or substantially all of the HFCs so that only residual
anounts of HFCs are vented to the atnosphere or deconposed with the waste

stream [ 00 MitailZa ekdrftiRadn By Tavédios s) and 1J'Cs remaining in the waste
stream can econpose to formacidi c conpounds, such as hydrogen fluoride
(HF) and or L ot her latduetiongp)| e conpounds such asF2, that can cause corrosion

or envi ronnffﬂmﬂ o AREAY |s Atectdd BlaGidte ol Oﬁlﬂyﬁ&ﬁ%ngforﬁgé in the waste

streami s mni as p055| [ 00191 renoval system can be
used to captmmmeme(s) ifhegesense oﬁmmzdystsystmandlfa}gd@fhmcarbgaﬂﬂfc)pneferabl y a

vater 50l okecath Uy ek At 65 e S Bepthatozed 1 o

envi ronent al I“f/a
enbodi nent s prdcbe, m&tcﬂmmmebffclédlaaﬂ&dsedl IThofenodfecydlad @ resbdatenent s, the
wast e streamﬁf s treated or deco%sed u3|n a non-flare s stem or devi ce.

The term ° n&hlected ag e waste secam w4 qmméqdenr@ fagelepsedy tgiatagsp
conbust i ON- {iPEsab Y BleRBY Jriiﬁnhs?ﬁ&ﬁm%&xg%%@ﬁée:ﬁﬁkﬁnﬁ@ﬂ&e&iv&ﬁﬁmrwth an open

flame. Illustrative non-f | are devi ces and/or systens include incinerators,

furnaces, cuabstanyislboallofitesi FECsso thit eplyvassidwm] amoustsol HFEgarrsieateite t her mal
oxi di zers (ﬁ%%%ﬁph%gm ,%ggéeﬁ%@){ﬁg@%%m%m hydrati on systens, just to
tl

name a few. n ecoverin 100211 Processes for naking
pol ynmer and [ﬁlliébverﬂeﬂ@omcpbbgﬂ(EFC]s}mil]ﬂ%Csw:mtmmgnmﬁhmastﬁ edamngn t hus

o L kR BRSSPy A T Rl ", s
typically c @ﬂ'&bhl&ieﬁfablb&loﬂ@oﬁﬁdﬁ dukhesF, hmacag iomes cOR MRS ehvifhaieytal gx p)a/mdi ng
the comercl g oo iketore, the Araouie of FCe tn e aste sremn i« mBlmtbad s

much as possible.

[00819] An HF removal system can be used to capture the HF gas or convert

the HF gas to a salt, preferably a water soluble salt, that can be reclaimed,

destroyed, or disposed in an eviromentally accepiable and safe manner.

[0020] In one or more embodiments, the waste stream is flared. In one or

more embodiments, the waste stream is freated or decomposed using a non-flare

system or device. The term “non-flare” as used herein refers to an oxidizer or

combustion-type system that does not contact the waste stream with an open

flame, Illﬁsn'ative non-flare devices and/or systems include incinerators, fumaces,

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.



WO 2007/ 061596 PCT/ US2006/ 042847 5 [0022] In addition to the production and
recovery of polynmer fromthe process, the invention provides for higher
recovery of hydrocarbons that are recovered along with the polyner. Such
hydr ocar bons i ncl ude non-polynerized materials, for exanple |iquids,

di l uents, solvents, and unreacted nononers, Many of these non-polynerized
mat eri al s ave woeoassr ed at high efficiency and reused iPCT/A§0060a18¢Teri zat i on
process. Additionally, the recovery pyocess [l ather provides the benefit of
reduci ng potential corrosion and other environmental problens relating to
the venting or flaring of hydrocarbon waste streans; a waste stream being
any streamthat contains conponents renoved fromthe reaction process and
not reused [092Zhat ipaddisiondo thepedduoiéontand secoeayrel pokanerdeos hrose streans t hat
are renoveq fr th i [ ' ' at nosphere or
flaring. [g‘ﬁ&?ﬁ’%@g‘a‘{é‘ﬁgﬁgﬂ"ﬁ@%ﬁ"éy@éﬁ‘?%ﬁ?ﬁ%@ﬁ%ﬁ%‘?éﬁﬁp% acconpl i shed by
form ng a poby@laleng wiltethp peig@ac Such hytlrbdaehohs mahde had-pafhetikdve i n reduci ng

react or fouling, uch as HFC. The HFC diluept is separated.fromthe pol ymer
along with mﬁg?gi"ﬁcé’i Wpfer}@ﬁdé’ g W"‘%Q‘B@Wﬁaﬁ&g‘ﬁ@g’,ma t least a
portion of pi@escWBAPolviRRED RMEHACRE RRBverditd hishicHici@bPrftelide@ t he reaction

systemas a waste sStream [00241 Preferably, the waste streamis low in
di | uent andths@alyssripationipricess. dedisionally, the recevey eroses fBEAERYIAPS cont ani nat i on.

The conpoun i . . | ative to the

uni t producgﬁéé’ﬁgﬁfﬁ&gg\?ﬁ%ﬁﬁ%@%‘%ﬁ%&%?gﬂ%@5%&%?&%0%3@%@%@??processes. Thi s
| ower fl ow reidting hetha sertthgior lass of bpdriocoboremiséd dtigaros atwaste stitanng mat eri al s
will leave the reactio stem and that a eaj er amount of terials can
be recovere °%ﬁ’»sgrﬁ§%§1a?%m{mﬁ%s %W?WIMY%$°%&SE?§€&RW?E?S nomers [ 00251
The pr ocessas relesd il the drdtedse SacHRstdtrei S hcnbesayse it@ensahat aggol yneri zat i on
process enpl oyi % one or npre nononers, Typical m)ﬂomers .include

unsat ur at ed"SBATES EARBHTE2GNAT PRAGES 0¥ YPBINgA0tS theirpBRCS CHHE M pr ef erably 2 to
12 carbon alIs) atde PRis BrSLERARIO 1R thinfof AERAATANATEy Wiyl monomer s

i nclude |inear, branc or cyclic olefins; Iinear branched or cyclic al pha
ol efi ns; a polymer in the presence of diluent material effective in reducing reactor fouling,

such as HFC. The HFC diluent is separated from the polymer along with

hydrocarbon inerts from the reaction process, and at least a portion of the
undesirable hydrocarbon inerts is removed from the reaction system as a waste
stream.

[0024] Preferably, the waste stream is low in diluent and non-combustible
material to reduce environmental contamination. The compounds in the waste
stream have a lower flow rate relative to the unit production flow rate compared to
that of conventional processes. This lower flow rate means that less
environmentally contaminating materials will leave the reaction system, and that a
greater armount of materials can be recovered and reused in the polymerization
process.

IS Monomers

[0025]  The processes described herein may be used in any type of
polymenzation 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 near, branched or cyclic diolefins; linear branched or cyclic al pha-onega
olefins; [Ilinear, branched or cyclic polyenes; |inear branched or cyclic

al pha ol efins. WD 20071061596 PCT/ US20061042847 6 Particularly preferred
nononers i nclude one or nore of ethylene, propylene, butane-1, pentene-1,

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

nor borene, woanywntidé ene, 3,5,5-tri met hyl -1 -hexene, 5- ePRIUSI06/MgHéne, vinyl
nor bonene, etbylidene norbonene nonorfer s. [ 0026] Preferred cyclic containing
nononer s i nclude aromatic-group- containing nononmers containing up to 30
carbon atons and non aromatic cyclic group containing nononmers containing
up to 30 ca ' |G ﬂﬁ?ﬁ Wl nononmers conpri se
at | east ongggggﬁgﬁ@§&§§¢ﬁ%?ﬁéﬁfH%@@?@Fﬁﬁ?gﬁgyﬁé o%ghggﬁ?ﬁ?ee, nor e

pref erabl y butgisel peutenent] drpéthylipentone hyhexenerl, ocigret lhylecenerbi empthylrhe ar omati ¢

group-cont ai ni ng .nonpner further..co i.ses at. | east qn ol yneri zabl e
doubl e bondpeélﬁ@ﬁ'lt ﬂﬁogfqee?orbwwgg‘?ﬁ%ﬁ?tgylhiéﬁgﬁ'eg i 1§t ructure wll be
pendant fr ofiareh€ vRGA HoFBSmBRCKhRne ddiBorasme@inotegl OUP cont ai ni ng  nonomner
may further be substituted with one or nore hydrocarpyl groups including

but not |inf%2Y t oProfereed cxylis canteipnegpenopsrs Rt I SRR 0 adj acent

subst i t ut i 0BhdHg Bénbibrd Eshidifink 8f B30 daPlbn Sl Ghil i abBASERRE

aromati c-group- containing nonoffers contain at |east one aromatic structure
appended t ogtaup puitainipg moatrners obrddining op tdaghonpioms; Suiteble gropeed-er r ed
aromatic no 1S kel ne - : rene - al kyl styrenes,
vi nyl t ol uengrg{,}s\% ny n5%%%8%1?%%@,%’%%aﬂ/ﬂ?ﬂglel%%é%é{lé%%a [ hgreenegéb@%speci ally
styrene, pafrasmehbw thedke)mhereerefdalihaplitny,indenfieMeorant ocahiphthybenzene. Suit abl e
non-aromati c cycljc group containjn nonongr referably have at | east one
pol yneri zablP&" 'éfllqer‘??‘%fmd‘f%&Hﬁ‘ﬁ%ﬁ?’?‘%@?@ﬁ@%@%ﬁﬁwpsﬁﬁt téﬂsé %®clic structure
or is part §ilymbiezabkGohle Séidiabiihgt aftthFoloedidation, She disthaticatriBireal so be
further subst]tute one or. nore hydrocarbyl groups such as, but not

d b
limted to, "8 qu@ﬁ%améw rymerdeckippe | HheasemaBrerelirditBtaiingy cl i ¢ group
cont ai ni N9 FRASHIEfay (Hihdi U6 sl YR REre hwéreyl%&lggxe”@

vi nyl nor bornene, ethyli dene norbonene, cyclopentadi ene, cycl opentene,
cycl oheneneinclyiingdbtacs fimited torfyi ta Canaliatl graspa ndddibenally keo adj@e®7] Preferred

di ol ef M MONgGREE S RSN boidnbo Tor VRS Qe FrHEEeAMimati-group-

containing monomers contain at least one aromatic structure appended to a

=

polymerizable olefinic moiety. Particularly preferred aromatic monomers include
styrene, alpha-methylstyrene, para-alkylstyrenes, vinyltoluenes, vinylnaphthalene,
allyl benzene, and indene, especially styrene, paramethyl styrene, 4-phenyl-1-
butene and allyl benzene. Suitable non-aromatic cyclic group containing
monomers preferably have at least one polymerizable olefinic group that is either
pendant on the cyclic structure or is part of the cyclic structure. The cyclic
structure may also be further substituted by on¢ or more hydrocarbyl groups such
as, but not limited to, C; to Cyq alkyl groups. Preferred non-aromatic cyclic group
containing monomers include vinylcyclohexane, vinylcyclohexene,
vinylnorbomene, ethylidene norbornene, cyclopentadiene, cyclopentene,
cyclohexene, cyclobutene, vinyladamantane and the like.

[0027]  Preferred diolefin monomers useful in this invention include any
hydrocarbon structure, preferably C4 to Csq, 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



hydr ocarbon structure, preferably C4 to C30, having at |east two unsaturated
bonds, wherein at |east two of the unsaturated bonds are readily
incorporated into a polyner by either a stereospecific or a
non-stereospecific catalyst(s). It is further preferred that the diolefin
nononers be sel ected from al pha, onega-di ene WO 20071061596

PCT/ US2006¥04®847:5967 mononers (i.e. di-vinyl nonomers)ECINGR280608B8Er abl y, t he
di ol efin nononers are |inear di-viny nononmers, nost preferably those
containing from4 to 30 carbon atons. Exanples of preferred dienes include
but adi ene, pent adi ene, hexadi ene,

hept adi ene, oct adi ene, nonadi ene, decadi ene, undecadi ene, dodecadi ene,

tri decadi enmonaresrs éidediaiie monopesk ddere athilfeady, theedioldie mghanys algept adecadi ene,

ocr adecadi ef] cadiene, | i I i osadi ene,
tricosadi e nfg%@gg%g §la(1} ?’3%5’, ﬂﬁ%srtl % 1Sa%%%&si)1 ?’&%&ﬁ%@é@ﬁ%ﬁ? g(pngo, ﬁ’g% acosadi ene,
oct acosadi estems.nBrungdSaxtprfered dienesdiacitduhiveditene [pentdiend, herdagieps,ef erred di enes

i nclude 1, 6-hept adi ene, 1, 7-octadj ene, 1, 8- nonadi,enpe, .. 1, 9-decadi ene, 1, 10-
undecadi ene?epiaﬁﬂ% @g@%iﬂ%??&eni’,df%%ﬁnﬁ %f&&'@'heed c§ieeet r adecadi ene, and
“tow nolec Uﬁi@écam%hfm‘%traﬁéﬂaﬁiléﬂé, ﬁéﬂtﬁi&@aﬁiién%’ﬁekﬁfeéad‘iéﬁé&eﬁﬁ@&aﬁéﬁ@' ). Preferred

cyclic dienes include o ) ] ) .

cycl opent adeasaiscagiang, nepadserdisnacoradiben; hengicepadicae.ifprgsadene, nor bor nene,

di vi nyl benzgi ' digne or. bl i LI diolefins wth
or without g&ﬁ%ﬂgb‘?jgn agtpsa E%a [ Oug&ﬁeﬂ%%%%ﬁg{aﬁ%ﬁ%ﬁ%}%%é%ﬁgh a preferred
enbodi nent ¢dieopdiepapongoadicne drifventeiiend, pamiouladhykferred diemssopol ynmer or

copol ynmer. | rticul ar pref erred enhodi , L he ocess of this

i nvention r@?]ﬁ?%ggih@tfﬁﬁ“epgﬁ?ﬁéﬁﬁeatl?86??“8 1605 T%tg?f’gw&f’rc}’ he or nore C4 to
C20 | i near, uldecudthed, O-dddycddictie, TOIORBECdied, @18 téRkiycalitnd, andbd | | near or
branched al pha-olefins. In a preferred enbodi nent, the conpnonmer conprises

at | east on®OlegPpraTdsht polybtadiener (Y leps thsnd 00G,/oR- Bredered Heli erably 4 to 8

carbon  at ONgienes RRldde ¢ 18 ehthdichd) §ing HISRIMAHERE ShoffofhalicRR ¥lr§AGme bUt ene- 1,

4- et hyl - pentene-1, 3-" net hyl - pent éne-1, hexene-| and oCtene-1, the nost
preferred bearbegngnex@naylbenzers, dishdopentedgnoer lighea ring dontfigogdplefins a preferred
enbodi nment ?ﬁr i.n_lS:a _propyl ene honopol yner or
copolyner. In %ﬂg%%trﬁ?%ut?%@%&c%ge erssliélgptésrj%%éi ment, the process of the

i nvention r@D28jes Inm prbferrpbémbodimend thegolyafer produoet dereinamsh ehgewr nore C4 to

homopolymer or copolymer. In a particnlarly preferred embodiment, the process

of this invention relates to the polymerization of ethylene and one or more C, to
Cyo linear, branched or cyclic monomers, preferably C4 to C,; linear or branched
ajpha-olefins, In a preferred einbodiment, the comonomer comprises at least one
comonomert having from 3 to 8 carbon atoms, preferably 4 to 8 carbon atoms.
Particularly, the comonomers are propylene, butene-1, 4-methyl-pentene-1,3-
methyl-pentene-1, hexene-1 and octene-1, the most preferred being hexene-1,
butene-1 and or octene-1.

[0029]  In a preferred embodiment the polymer produced herein is 2 propylene
homopolymer or copolymer. In a particularly preferred embodiment, the process
of the invention relates to the polymerization of propylene and one or more C, to
Czo linear, branched or cyclic monomers, preferably Cy to C); linear or branched
alpha-olefins. In a preferred embodiment, the comonomer comprises at least one
comonomer having from 2 to 8 carbon atomns, 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-



C20 linear, branched or cyclic nononmers, preferably &4 to Cl12 |inear or
branched alpha-olefins. In a preferred enbodi nent, the conobnonmer conprises
at | east one conononer having from2 to S carbon atons, preferably 4 to 8
carbon atons, preferably ethylene, butene-1, pentene, hexene-l, heptene-1,
octene-1, nonene-|l, decene-1, dodecene-1, 4-nethyl-pentene-1, 3-nethyl

pent ene- 1 w®27/8616%i met hyl WD 2 00 710 6 1 5 96 PCT/ USXFOSPOL983Y 8
hexene-1, and the like. In sone enbodﬁnents,.ethylene is present at 5 nol %
or less. [00301 In another enbodi nent the pol yner produced herein is a
copolymer of one or nore linear or branched C3 to C30 prochiral

al pha- ol efi d Oy d LiQi | GRyigpat i ons t her eof
capabl e of Ecgﬁeﬁ%l’g@?y%éﬁ'zg{dé OE% agfgfaﬂgﬁh@’s{ﬁgﬁ%ﬁ{)@gﬁ%%n d ‘

non- st ereosleeci fic catal ysts. Prochiral, as used herein, refers to nononers

that favor forpati gn of, isotactic, or syndigtacti.c pol yner en

pol yneri zedf[@g?}ng @P@S’;%@@P@?ﬁﬁ?gﬁy?’s&{{%‘?‘}Wﬁ&iﬁ%"fﬂs1" °p8.ﬁ’818 & enbodi ment
ethyl ene or oy @drelidat 6r RHHEPRT] 16 €L, WoélhraPilphd-lafids o @ todlf Hiegent conpnomer s
to forma terpolyner. The preferred conononers . are a conbi nati on of

al pha- ol ef | FPiBHBRRIESa I FPRYinations theeeof eapabls obbdmgpolyared BY €théF ably 4 to 8
carbon at On‘s?tcreﬁ’s?fsdiﬁé'ﬁldlﬁbnyé’tr%&sﬁéciﬂcecﬁéf s8N Brofdhi?d1 SasH8 in, 1ot 1o P €f erred
C Such” as et hyl

terpol ymers 1 ncfude the conbl nati ons ene/ butene-1/hexene- 1,
et hyl ene/ pr mpydmgreihbUfreordhd formatiop pf Botettist dyysymeha adtie pelymet when

et hyl ene/ pr?@ﬁégﬁ%ﬁgﬁﬁ?& rggq@gggggagdisﬁh@}-l I ke. [00321 In a preferred

enbodi nent n he polynmer at 50 nole %to 99.9 nole
% nore prefiesnbl yinidother &fbodirhet Hhylaicor s dpe &f @ivddnyed 8Bh #to 95 nole %

Comononer (s) are present in the lymer at 0.1 nole %to 50 nole % based
upon the rmfeé%t el nggqent‘,ﬁ?mmgrs 6‘? @E@ ﬁtt?rpﬂﬁ?l@r' éﬁ'@ﬁ’ﬁgfﬁ)df‘”?"?%n% rm(I) e %
nore pref er abhYombih&icdbrAphs-oféin hRSRbrs hBviaD 1RY cafitaQeinkembre t he pol yner

produced herein conprises: a first olefin nononer present at from40 to 100

ol e % pr eprefeambiyA B aponpmsyeptionally Wigh & lepsanedigoe yosomero Thoo nol e % and
d ol ef} . s t t le %
reterabl y §eiehoB R Eert AofQPRISERbh RS Silas Syl uthes hddbhy™0 B B

1, ethylene/propylene/butene-1, propylene/ethylene/hexene-1, ethylene/propylene/

norbomene and the like.
[0032]  In a preferred embodiment, the monomer is present in the polymer at
50 mole % to 99.9 mole %, more preferably 70 to 98 mole %, and more preferably
80 to 95 mole %. Comonomer(s) are present in the polymer at 0.1 mole % to 50
mole %, based upon the moles of all monomers present, more preferably 2 to 30
mole %, more preferably 5 to 20 mole %.
[0033]  In another embodiment, the polymer produced herein comprises:

a first olefin monomer present at from 40 to 100 mole %, preferably 50 to
100 mole %, more preferably 60 to 100 mole %, 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 apreferred 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),

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



athird olefin nononmer present at fromO to 10 nole% nore preferably from
O to5 nmle% nore preferably O to 3 nole % [00341 In a preferred

enbodi ment the first ol efin nmononer conprises one or nore of any C3 to Cs

| i near, branched or cyclic al pha -olefins, including propylene, |-butene,
(and all isoners thereof), I-pentene (and all isoners thereof), | -hexene
(and al | is®eP8¥¥eof ), | -heptene (and all isoners PREUSHOFO28Id | WO
20071061596 PCT/ US20 0610 4 284 7 9 d&ctene (and all isoners thereof).
Preferred nononers include propyl ene, 1- butene, 1-hexene, |-octene, and the
l'i ke. [0035] In a preferred enbodi nent the second ol efin nonomer conprises
one nor e, pha- ol efi ns,
|nclud|ng et ¢I@%@aﬁ%&%ﬁ§fé%g&bQﬁﬁﬁmgﬁgﬁﬁﬁﬂggﬁﬁgﬁg%@kﬂhéigne 1- heptene
and 1- octenemnﬂm--hanmné{mkmdeméﬂwlmﬁrundecene 1- dodecene, 1-hexadecene,

but adi ene, h i eng, h e nt adi oct adi en 0 ene,

decadi ene, d@ﬁgﬂadi @?Vf @M@?@cgem{i&?ﬁ@ ﬁ&?fl?fg?eﬁglpﬁ& ng

3- et hyl pentmﬁoraofﬁryr@tt@mioqﬁmew&edoﬁmh@ﬂﬁmaeﬁmmcmng cycl ohexene.
[0036] In a preferred enbodi nent the third ol efin nmonaoner conprises one or

more of any €BYiens. p8BYIpteh kpteng d Avatsed L dexdfcl-hteaemmg acPrrs, i ncl udi ng
but adi ene, h%@ﬁ@n%e&%@tiaﬂid%%epie@&qﬁéénemeh&aaegdeeaﬁadiaﬁaﬁex%&edecadl ene,
dodecadi ene, styrene, 3,5,5- trimet hexene-1, 3 nethyfpentene 1, 4-

met hyl pent enl@pﬂadleugs@bmpbmeamm@eamwym Memedociemdm_np(ﬁmwe Di | uent,

Sol vent, Sol 7 I e vention are beneficia
in producr n éj%n gﬁ'i“{e%%g?;é Sriletﬁl EG%ZU{E:’ 3 Y{Hsghtgn Pt he diluents can al so

provi de pol ydyeropaftﬂﬁmSMcyﬂaNdxﬂxga reduced fouling, higher overal |
efficiencies / or redvged envi ronnent al ssions. The diluents of the

i nvention ar @per elnpgrste e Bé}HEﬂe?Je PHEReT FERRIE M ocess t hat

reduce the Cﬁﬂ&%hﬁ j@@Mne@ﬁ%mﬁéheﬂ%fEycﬁﬁial[gﬁf-olmﬁﬂdcﬁidmg n the process to
achi eve the desire benefi ci al fect referably, the diluent is a

hydr ocar bon éadigag. hexediens, heptadisne peviadiensperiadienemnadipice fiesediBns;, the dil uent
is a hal ogefseQ4 ﬁé@gﬁﬂmqugqﬁgg gﬁ%§&wgrgﬁﬁmv%é&§kﬁlyorinated hydr ocar bon
1tt

conpound, an prefera oun avi n I'e to no solvent power with
methylpentene-1, cyclopentadlcne and cyclohcxcne

V. Liquid, Diluent, Solvent, Solution
]0037)  The diluents used in this invention are beneficial in producing highly

useful polymer products. Use of the diluents can also provide polymer processes
having reduced fouling, higher overall efficiencies and/or reduced environmental
emissions. The diluents of the invention are preferably compositions added to the
reaction process that reduce the concentration of one or more active materials in
the process to achieve the desired and beneficial effect. Preferably, the diluentisa
hydrocarbon having little to no solvent power. More preferably, the diluent is a
halogen containing compound, most preferably a flvorinated hydrocarbon
compound, and preferably a compound having litile to no solvent power with
respect fo the polymer product. The flnorinated hydrocarbons may be used
individually or as mixtures, and can be included in a mixture with non-flucrinated
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



respect to the polynmer product. The fluorinated hydrocarbons may be used
individually or as m xtures, and can be included in a mxture with
non-fluorinated hydrocarbon diluents if desired. [0038] According to this

i nvention, fluorinated hydrocarbons (FC s) are conpounds having at | east
one carbon atom and at | east one fluorine atom The fluorinated hydrocarbon
can be a paY®PWIR§IA ed hydrocarbon or the fluorinated PHYHPEE BN can
optionally include one or nore hydrogdf aton(s). A perfluorinated

hydr ocarbon is a fluorocarbon in which the hydrogen directly WD 2007/ 061596
PCT/ US20061042847 10 attached to the carbon aton(s) is conpletely repl aced

by fluorine. See ey'.s Condensed e al . Dicgtionapy,, Thirteenth

Edi ti on, Van? E?Jr_‘amf ‘é@%’ﬂ@f"&ﬂ ‘iwlggi ‘?P%}c g()ﬁ“‘fﬂ”@f g?%ﬁ@éff | uor ocar bons
i ncl ude |'ne@'&n&ﬁ.@é&@@ﬁ:d&?D&)&Sﬁdrﬁ1Th1rgénﬁ1%d%ﬁ;Vﬂfﬁ&éﬁ%ﬁpkémh@ﬂd to C20, nore
preferably C, to Clo, and nost pref erably C,  to CO perfl uoroal kanes [ 0039]

]Icn onfa enbodi ¥dn Examples pf mﬁenﬁbme@ﬂuqﬂwmaml@ﬁglmaébrﬁ@q@ﬁ@gm t he |
CXH¥F, t t
from 1o 300 @Gt © Cunmb el R Clol Sinost ettt ?L”i‘o' Y

al ter nati vel 4 Cypeniidordatkates. al t er nat i veI y from2 to 20 al ter natively from3
to 10, alter ively from3 to 6 rab froml 3 wherein y is
greater t hanﬂ’ﬁl%]equ °“ced=“6’°%\‘mfn*z ﬂ’le ?pﬁﬁyg “EQ?'{I’&F AT TPEY mor e
preferably, theddithnla;are integers and at | east one. [0040] Exarrpl es of

hydr of | uor ocar bons i nclude fluoronethane; difl uoronethane;
trifluorontcthane; fluoroethane; 1, ¥4 uor oet hane; 1, X H&il fl uor oet hane;

L- Ui 11 UEQBRNADE: el 14 K0ONBRANARBFort1 T Jo Ak GRERT kr 0@t hane

2,2-tet ra uor oet pent a | uor oet | uor opr opane;
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| uor opr oa) eherkinly ik gibateetlraﬁbf mmptocamm anlintéget and dtdéaseddepior opr opane,
,2,2- tetraflug 0 etrafl uor opr opane;
'35 et rEPT PR 2 o ntégeis and o legst o

[0040] Examples of hydrofluorocarbons include fluoromethane;

I
i fl
rif
rif

1,1,
1,1
2-f
dif
tri
tri
1,1
1,1

difluoromethane; trifluoromethane; fluoroethane; 1,1-difluoroethane; 1,2-
difluoroethane; 1,1,1-trifluoroethane; 1,1,2-frifluoroethane; 1,1,1,2-
tetrafluoroethane; 1,1,2,2-tetrafluoroethane; 1,1,1,2,2-pentafluoroethane; 1-
fluoropropane; 2-fluoropropane; 1,1-diflucropropane; 1,2-difluoropropane; 1,3-
difluoropropane; 2,2-difluoropropane; 1,1,1-trifluoropropane; 1,1,2-
trifluoropropane; 1,1,3-trifluoropropane; 1,2,2-trifluoropropane; 1,2,3-
trifluoropropane; 1,1,1,2-tetrafluoropropane; 1,1,1,3-tetrafluoropropane; 1,1,2,2-
tetrafluoropropane; 1,1,2,3-tetrafluoropropane; 1,1,3,3-tetrafluoropropane;
1,2,2,3-tetrafluoropropane; 1,1,1,2,2-pentafluoropropane; 1,1,1,2,3-
pentafluoropropane; 1,1,1,3,3-pentaftuoropropane; 1,1,2,2,3-pentafluoropropane;
1,1,2,3,3-pentafluoropropane; 1,l,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-
flucrobutane; 1,1-diflucrobutane; 1,2-difluorobutane; 1,3-diflvorcbutane; 1,4-
difluorobutane; 2,2-difluorobutane; 2,3-diflnorobutane; 1,1,1-triflucrobutane;
1,1,2-trifluorobutane; 1,1,3-triflucrobutane; 1,1 4-triflucrobutane; 1,2,2-
trifluorobutane; 1,2,3-triftfuorobutane; 1,3,3-triflucrobutane; 2,2,3-trifluorobutane;
1,1,1,2-tetrafluorobutane; 1,1,1,3-tetrafluorobutane; 1,1,1,4-tetrafluorobutane;
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octafluorobutane; 1,1,1,2,2,3,4 4-octafluorobutane; 1,1,1,2,3,3,4,4-

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

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

nonafluorobutane; 1-fluoro-2-methylpropane; 1,1-difluoro-2-methylpropane; 1,3-
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difiuoro-2-methylpropane; 1,1,1-triflucro-2-methylpropane; 1,1,3-trifluoro-2-
methylpropane; 1,3-difluoro-2-(fluoromethyl)propane; 1,1,1,3-tetrafluoro-2-
methylpropane; 1,1,3,3-tetraftuoro-2-methylpropane; 1,1,3-trifluoro-2-
{fluoromethyl)propane; 1,1,1,3,3-pentafluoro-2-methylpropane; 1,1,3,3~
tetrafinoro-2-(fluoromethyl)propane; 1,1,1,3-tetrafluoro-2-(fluoromethyl)propane;
fluorocyclobutane; 1,1-diflucrocyclobutane; 1,2-diflucrocyclobutane; 1,3-
difluorocyclobutane; 1,1,2-triflucracyclobutane; 1,1,3-trifluorocyclobutane; 1,2,3-
trifluorocyclobutane; 1,1,2,2-tetrafluorocyclobutane; 1,1,3,3-
tetraflnorocyclobutane; 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 afl uorobutane; 1,1,1, 2,2, 3, 3,4, 4-nonafl uorobutane; 1,1,1,2,2,3,4,4,4-
nonaf | uor obut ane; 1-fl uoro-2-nethyl propane; 1,1-difl uoro-2-nethyl propane;
1, 3- difluoro-2-nethyl propane; 1,1, 1-trifluoro-2-nethylpropane;
,3-trifluoro-2- nethyl propane; 1, 3-difluoro-2-(fluoronethyl)propane;
,1,3-tetrafl uoro-2- nethyl pnpane; 1, 2,3, 3-tetrafl uoro-2-nethyl propane;
trifIVW@PWIPELSY | uor onret hyl ) pr opane; PCT/US2006/042847
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1,1,2,3,3,4- hexafluorocyclobutane 1,1,2,2,3,3,4- heptafluorocycl obut ane.

Part| cuI ar | yheggimf erred RFC s incl ude d| £l uor onet hane, trifluoronethane,

1, 1-difluor l.uo

1,1,1, 2-tet ?@Pmoro ﬁﬂ%émbﬁﬁ%%?%é@%#ﬂ@%ﬂé #bésg@&?ﬁ%atl%e are al so
useful her eannthcfﬂlﬁéﬁﬂorlmnxmrebefdlhlebwsdsmbl&ddﬂﬁmaldﬂummclhms are used in
combi nati on w.,¢th _another. dil uent m Xt u s of ents. Suitable

addi tional dPHREADENS, ﬁ%PF‘{}ﬂ}gvh%WF Planes, Q%Fé‘éﬁe‘gh"s o44B%fes and hept anes,

hal ogenat ed R3yshiO6ahidansted hBdahond dnd tkdiQ! ispalifeauplaaridenst and the i Ke.

Specific exarrpl es include but are not limted to pr opane i sobut ane,
pent ane, rretq‘i%lgﬁ it ke BrARane; iseintargmentane, megyRYIoReRERS oheeRe hy | pent ane,

2- et hyl but 3R&I8erk AN 8 ofhvBBut S ] Z3 et hyl henane,

3- et hyi hexane é Hﬁ :?TEEH;){,;Q 2, 311 i me uta‘llh pentéwr#'I 2, 3 di et hyl pent ane,
2, 4- di net hqumnlﬂ:albetan@ 23n¢1h)rlh€txmyd 3 thullwxar}e Z-Eﬂedmyiatm@t?ane 3- et hyt hexane,
2, 5-di net hyltﬁl%x]%nlemane fséhrg n‘ggénq\%logﬂgt an%iy oecg9 pe but ane,

et hane, net hane honane nmet hyl

cycl ohexane,peaynt, Qm&bﬁh@tm;&bﬁiﬂhé@anS &mﬁ@ﬂeﬁmrﬂ:% met hyI cycl opent ane,
1, 1- di met hyl cycl opent ane, i met hyI cyc opent ane,

trans-1, 2- dlth’é‘te %B%tﬁ'ieaﬁ@tan?’rb&\tfg‘e’le et{‘ane nonane, decane,

dodecane, undecane, hexane, methyl cyclohexane, cyclopropane, cyclobutane,

1,1
1,1,1
1,1, 3-
1,1,1
tetra
1,1,1
1,1-d
1,1, 2-
t |

cyclopentane, methyicyciopentane, 1,1-dimethylcyclopentane, cis 1,2-
dimethylcyclopentane, trans-1,2-dimethylcyclopentane, trans-1,3-
dimethylcyclopentane, ethylcyclopentane, cyclohexane, methylcyclohexane,
benzene, toluene, xylene, ortho-xylene, para-xylene, meta-xylene, and the
halogenated versions of all of the above, preferably the chlorinated versions of the
above, more preferably fluorinated versions of all of the above. Brominated
versions of the above are also useful. Specific examples include, methyl chloride,
methylene chloride, ethyl chloride, propy!l chloride, butyl chioride, chloroform
and the like.

[0042] In one embodiment the HFC is used in combination with 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, et hyl cycl opentane, cycl ohexane, nethyl cycl ohexane,
benzene, toluene, xylene, ortho-xylene, para-xylene, neta-xylene, and the
hal ogenat ed versions of all of the above, preferably the chlorinated
versions of the above, nore preferably fluorinated versions of all of the
above. 13rom nated versions of the above are also useful. Specific exanples
i ncl ude, neEWME076a18¢ i de, net hyl ene chloride, ethyl chPEFPHEHEYDyI
chloride, butyl chloride, chloroform @nd the |ike. [0042) |In one enbodi nent
the HFC is used in conbination with nethyl chloride. Additional enbodinents
i nclude using the HFC in conbination with hexanes or nethyl chloride and
hexanes. |n another enbodinment the HFCs are wused in conbination with one or
nmore gases i 1@M8] t o In hectivslembrediingait the HFEa ete used insambivatiaf Wit ehe orni t r ogen,

argon, neon, _heli. k ton .enEn n ne Preferred
gages i ncl ud&< a’lﬁ%éq r?d aﬁ%@‘?ﬁﬁ]@clgﬁg @f ton(‘?“f” 5%%%&8'@%&%{5@7@6&?2@%%&3’
PCT/ US2006/ 04284C;,1dhd rhdi® g ferdbly @notyedlkansd) aghudaiinitrdtilindkCaycdlite used in

conmbination with gn r re nitrated, al kanes, jnciuding.C, to C40,
preferably COf P’@n‘%?g?&ﬂ%ﬁsgg %Teéﬂgﬁf%?l al@est‘B‘ﬁEf?LQIF’Utéfﬁf‘quﬁ?fte‘hpef erably C, to
Cs, al kanes, n&tﬂﬁﬁéﬂ%&gﬁ@déﬂaﬁé,%ﬂrd&l;dﬁﬁzgeﬁ nitr%&?tllﬂe?niﬁ??an%@ﬂﬁﬁ‘&@xﬁ{eka”es-

Preferred nitrated al kanes inclu ut are not mted to, nitronethane,
ni t r oet hane, oifohepipreopifmectansi virrodngareneifroninans phtedadesanenittpwiicseane,

ni t r ohept ane, . .ni ne, .. ni a htro ' odecane,

ni t roundec ang&gc&{@rﬁ%&%g ! %l% %&%gl,ggehﬁﬁrroc %;IIOCP F%’gﬁ %%ﬁr}&cyﬂﬁuﬁgycl opr opane,

ni t r ocycl obutitreyclopentaneaytedcgloinxameenitroticicheptatep hitvoayudnoctang,r ocycl ohept ane,
ni trocycl ooct ane i trocycl odecane, .nitrocycl ononane, rocycl ododecane,

, ni
nitrocycl oun&@?&ﬁ‘é‘,’cpec?ﬂet’?l BRiq PEpRALS, FFOGYHE ‘{T]ie‘-‘anﬁ’rfatr?cryicl-‘)“‘ﬂ'ffe?arnt‘?’ ver si ons of

the above. Anfidbbedkhsdnd SERLALIBN hitcSvedisas oplRABGE. W prbfefttd r omet hane. [ 00441
The HFC is typically present at to 100 vol une % based upon the total

. e
vol ume of t h&mapdimeniis HFGs biepgrdrwithatiomebangéen 5 and 100 vol ure %
alternativel )(O(QQ} mq@eiﬁ@g%ﬁﬁgg&éﬂm 1% 1%%&&%@%%@&&% gtyeen 15 and 100

volume % alternatively bet and 100 volume % alternatively between
25 and 100 vasklmebmegofshet ditupns,ialtemgtivobt heteaen J0nd A0 Y1@One ¥4, ume %

al ter nat | vel Yy RENIRAN. 32 305l AR WRIHIT, Herlil 8] DALLSS} Sl byoen 40 and 100

vol ume %
volume %, alternatively between 20 and 100 volume %, alternatively between 25

and 100 volume %, alternatively between 30 and 100 volume %, alternatively
between 35 and 100 volume %, alternatively between 40 and 100 volume %,
alternatively between 45 and 100 volume %, alternatively between 50 and 100
volume %, alternatively between 55 and 100 volume %, alternatively between 60
and 100 volume %, alternatively between 65 and 100 volume %, alternatively
between 70 and 100 volume %, alternatively between 75 and 100 volume %,
alternatively between 80 and 100 volume %, alternatively between 85 and 100
volume %, alternatively 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 HEC is selected from the group consisting of
diftluoromethane, 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.



alternatively between 45 and 100 volume % alternatively between 50 and 100
volunme % alternatively between 55 and 100 volune % alternatively between
60 and 100 volune % alternatively between 65 and 100 vol ume %
alternatively between 70 and 100 volunme % alternatively between 75 and 100
volume % alternatively between 80 and 100 volunme % alternatively between
85 and 100 W@APUIMEIME al ternatively between 90 and 100 VPOTUR06g42847
alternatively between 95 and 100 vol % alternatively between 97 and 100
volume % alternatively between 98 and 100 volume % and alternatively

bet ween 99 and 100 volunme % In another preferred enbodiment the 1-1FC is
sel ected fromthe group consisting of difluoronethane, trifluoronethane,

1, 1-di fl uor o¢agadne, Idpds farticuiailyprefetddandodiaredt, the cémineRidlytavaiableor oet hane and

m xtures thereof 045) | n anot her, preferr enmbodi nent uori nat ed
hydr ocar bon dagrpat Ej{%mﬁ?’&‘@ "tpﬂf%ce%‘ife et’i“Bﬁltﬁogu’SEJf%yﬁ:gngsbom t he group
consi sting thawﬁlgmlaléﬁélﬁ;ﬂﬁtnlaﬁe@wtn Bém&&aﬁbbﬁﬁem@ 13aghhdingapoet hane, 1, 1,
1 -trifluoroethahe, and >7tetrafl uoroet hane and mi xtures thereof. WD

20071061596 p@meﬁmsﬂd&z%wmﬂwmqﬂmnéﬁq—wfﬁbavm&tm elerueal PATRg ef er r ed
nbodi nent , ful i
The_pr ocess dnobhsPimeiidianp At M Tyt bathl e S HdRo e LIS entl 1"
1,1, 3, 3, 3- heyaithfumrcmtanpR8]8 hiviigIielchemival mgne dveafluotve palatastans, e

1,1, 1, 2-tet t hane, HFC.245fa h t h |

T 1105 5 penbr T By e eSS T RO e AR e

1, tl fl , 3, 3- Hreihniftl QT et fe od%mﬁ&&angwmmb IR oSheH HyadocABER.,

ocC

i uorocycl obut ane, and |-EFC- 43 mee havi ng the chem cal nane

2, 3- di hydr od &00477] uor® petrnehereabadiment, ﬂm@lugewcthydaqcmbam fffese are

comercially gp%,plj ) Q0 yet anot her
enbodi nent Fﬁéﬁ*#nﬁg&?%at (iaégmh{/]‘g%@q r on%gég%RQ}@O%Jﬂveétzel}%%\m ave a nol ecul ar
wei ght (MN grest than 65 am.@0nd moraprefepablyfseeatdolthan 190 eatwr It wwthedS am u, and

1 uor P nat o AR R B SoBAR Rl of e 0S BTN o " T20 o mou

preferably grefatieo anhapréferablg greatér than ¢25 mr@cwneﬁ@emﬁfqralgygmtear t han 130
a.mu, and m)st ef er abl than 40 u. In still, anot her
embodi ment, GBH‘ ﬁ&@é‘d’%%? 1?&%"1%&%{’{]6’?%% a MW greater

embodlment, the fluorinated hydrocarbons of the invention have a MW greater

than 125 a.m.u, preferably greater than 130 a.m.u, even more preferably greater
than 135 a.m.u, and most preferably greater than 150 am.u. In another
embodiment, the fluorinated hydrocarbons of the invention have a MW greater
than 140 a.m.u, preferably greater than 150 a.m.un, more preferably greater than
180 a.m.u, even more preferably greater than 200 a.m.u, and most preferably
greater than 225 am.u. In an embodiment, the fluorinated hydrocarbons of the
invention have a MW in the range of from 90 a.m.u to 1000 a.m.u, preferably in
the range of from 100 a.m.u to 500 a.m.u, more preferably in the range of from
100 a.m.u to 300 a.m.u, and most preferably in the range of from about 100 am.u
to about 250 am.u.

[0048] In yet another embodiment, the fluorinated hydrocarbons of the
invention have nommal boiling point in the range of from about -50°C up to the
polymerization temperature, preferably a polymeri}:ation 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



than 125 a.mu, preferably greater than 130 a. mu, even nore preferably
greater than 135 a.mu, and nost preferably greater than 150 amu. In

anot her enbodi ment, the fluorinated hydrocarbons of the invention have a MV
greater than 140 a.mu, preferably greater than 150 a.mu, nore preferably
greater than 180 a.mu, even nore preferably greater than 200 a. mu, and
nost pref eMdbrop7ogdssat er than 225 a.mu. I n an enbodi m@BET/USEWE42B4ior i nat ed
hydrocarbons of the invention have alMWin the range of from90 a.mu to
1000 a. mu, preferably in the range of from100 a.mu to 500 a. mu, nore
preferably in the range of from 100 amu to 300 a.mu, and nost preferably

in the range of f t 10 M Lhe a t 0 [0048] In yet

anot her enbo %%%V@Be Peﬁglfné C ﬂg%sgé) 0}1%% f[n?ﬁ}r&lel nvention have

nor mal boi | lﬂgbcmﬁnﬂit thélﬂﬁdmatreangﬁmfbohs sﬂhamuttmﬂn@@. nqmnmoﬂhg

pol ymeri zati on terrperature pr.ef er abl %/rﬁa pal qym&*rl zat i gtggerature of about

85C, pr ef er byt reter e iC, prglerablygrpafribansp G Rdess thagr %Qt My dr ocar bons is

in the rangénw‘duﬁérfme ARfrinhRd BPREart o f AR eliofhevaRintaliyopmgabout - 130C to
about 60C, and nost preferably from about -30C to about 55C In an

enbodi ment , paitiegrdaten irain 381 gretfigrehly erentonthen H°Cttmebduh¢@ht i on have nor mal

boil 119, Poi g2 BRGNS RERLASKRAORIARA i oty 200
the fl uori naksd aflhy{ﬂﬁﬁ@em@c@%%ﬁ(glcbpgremelﬁﬁm logicd) preferatdy prebtethad i ng  poi nt
greater than er reater than -5C to | ess than -20C. In one
enbodi nent, |1,€ '@%‘ﬂ’lﬁgﬁ o5 i ) oflg cornopg ep QFEIHFIF[O ®have nor mal

boi I'i ng ponmor%@ah oémsameuﬁ&ﬁ{oamamymgﬁ@aéﬁﬁy@wc@&to about 60C.
(0049] In another enbodi ment, the fluorinated hydrocar bons of the invention

have a | i quigregfenfban &2@%@#§F@ﬁmﬁe@f§ﬁ%l 2§.teash psigy bbr%ﬁaéﬁf ably greater
: Egn f I1U(1)(r)| n%’?lg%fgﬁ@{;fr ocar ns o?lg’ttlf}e ﬁ%ﬂtg%ta%&oﬁg%ggf qU| élgrgi;):)?;’rre@?tzoc
(g/cc) greahaye atliquid dénst® @ L26°C (gfockdrenterithan lgilegitcp prefdnebly gre@sr thamd nost

Ry ocar bonek & PhECHRERETS Feergynd PPeG d densi 1) @20C (gl e6) or eat er
than 1. 30 gl #650]pr ehanabpodiment te ﬂhh&mmdllyéa@caradﬁd ofttiny@nadeliabl y greater
than = S0g/ ¢ eAH Vaporization as measured by standard calorimetry techniques in the range
between 100 ki/kg to less than 300 kl/kg, preferably in the range of from 110
kJ/kg to less than 300 k)/kg, and most preferably in the range of from 120 kJ/kg to
less than 300 kl/kg.

[0051]  In another preferred embodiment, the fluorinated hydrocarbons of the
invention have any combination of two or more of the aforementioned MW,
normal boiling point, AH Vaporization, and liquid density values and ranges. In a
preferred embodiment, the fluorinated hydrocarbons useful in the process of the
invention have a MW greater than 90 a.m.u, preferably greater than 100 am.u,
and a liquid density greater than 1.00 g/cc, preferably greater than 1.20 g/ce. In
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 nommal boiling point greater than -50°C, preferably
greé.ter than -30°C up o 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 meost preferably less than 60°C. In one embodiment, the fluorinated
hydrocarbons usefual 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



[ 0050] In one enbodi nent, the fluorinated hydrocarbons of the invention have
a AH Vapori zation as neasured by standard calorinetry techniques in the
range between 100 kJ/ kg to | ess than 300 kT/ kg, preferably in the range of
from110 kJ/kg to less than 300 kJ/ kg, and nost preferably in the range of
from 120 kJ/ kg to less than 300 UWkg. [00511 In another preferred

enbodi nent , wblzeortds 1506 | nat ed hydr ocar bons of the | nvent PONUb@@04253y

conbi nati on of two or nore of the aforenentioned MW normal boiling point,
DH Vapori zation, and liquid density v&ﬁues and ranges. In a preferred
enbodi ment, the fluorinated hydrocarbons useful in the process of the

i nvention have a MV greater than 90 a. mu, preferably greater than 100

a, mu, and @old MYikGlkg & iSistiyanBOO &i/kY, ahdeiodzlB0x uiddenpityefrentetthan great er than
1.20 glee. In_yet another preferred enbqodi ment, the f|uorinated

hydr ocar bons | $9&fcs) Prefsrablyereaisr Seansls20gec e Yetspether eiodimeat 8| i qui d density

greater than & RE&d6a0] ¥ th ¢ thd@Perbiot Rav@la88uigand a nor nal
boi | i ng poi ntﬂaal%gdat eﬂrﬁ{oﬁan -SSSC, pre%rerr a%ﬁ/ greatgr %he‘i‘nﬁi}u:%oc up to the

pol ymeri zat i demsitggreatenthan &.10 f/ct freefpreblyaseter thand 20igke, aw atioghelas 100C,
preferably |l ess than, 8 nd e preterahly. | ess,than,.75C, and nost
preferably | §gfzm$ﬁglﬂf%g%ﬂﬁaﬁ 'B@Brr?ga@:lyngﬁ% @%‘%ﬁé‘ﬁf‘?ﬁt& ed hydrocarbons
useful in theolmefieaidn Mmpehturt bFBRODHIoOEs,Nehich i@ abNiEl aeBI0RT, préfarabl90  a. m u,
preferably greater a AH Vaporization. in :{ﬂe range of WO

an 100 a.mu, and .
20071061596 ﬂf@ﬁrﬁhes%%emgﬁ?mfwl??%W%@ f FidgneshpielEably essh®oo kj/ kg, and

optional |y aﬁbd(ﬂ%@oﬁii%ﬂﬁiﬁavmfv%&%ﬁédﬁ%er%n%é%f%ﬁﬂzondj/ﬁéﬁneﬁltuargreater t han
1.20 glee. In yet another enbodinent, the fTuorinated hydrocarbons useful

in the proceg80lgfks he i nvention have a liquid density greater than 1.10

g1 ce._pref er his o R Elanbha nbodthel e odAtte SRR MByaRokbing, poi nt o eater

than -50C, p bly“greater than - up to the ofymeriz on

t enper at ur e efont beingpmbmsisgn, with ohe oranas othetyprsl ii@0@ndsaflezgbi(s) | ess t han

85C, and nore pr %f er abl ss than .75C and nost pref rabll ess than 60C,
1&/0&1 tsg eéjo

and opt i onal PYy-RIRFGASEML HFPH T e § BYTHPEP P R kg to | ess than
250 kj/kg. [ efifBle, prafeyly iaargicofdeneibleQgbnTe ive readile velatiletigeidf | uor i nat ed
hydr ocar bon( | one aor, in conbination, with one or nore, ot her typical
i nert conden Eg(gp@%g@én\{’l’(lg) mcluﬁe, or example, saturated hydrocarbons containing

from 1 to § carbon atoms, preferably 3 to 8 carbon atoms, such as propane, n-

butane, isobutane (MW of 58.12 a.m.u, a liquid density of 0.55 g/ce, and normal

boiling point as above described of -11.75), n-pentane, isopentane (MW of 72.15

a.m., a liquid density of 0.62 g/ce, and normal boiling point of 27.85),

neopentane, n-hexane, isohexane, and other saturated Cg to Cs hydrocarbous.

{0053]  In another embodiment, the dilnent or diluent mixture is selected based

upon its solubility or lack thereof in a particular polymer being produced.

Preferred diluents have little to no solubility in the polymer. Solubility in the

polymer is measured by forming the polymer into a film of thickness between 50

and 100 microns, then soaking it in diluent (enough to cover the film) for 4 hours

at the relevant desired temperature in a sealed container or vessel. The film is

removed from the diluent, exposed for 90 seconds to evaporate excess

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 wi%, even more

preferably less than 1 wt%, and most preferably less than 0.5 wt%.



or condensing agent(s) are used in the process of the invention. Exanples of
suitable, preferably inert, condensable agents are readily volatile liquid
hydr ocar bons, which include, for exanple, saturated hydrocarbons cont ai ni ng
from1l to 8 carbon atons, preferably 3 to 8 carbon atons, such as propane,
n- butane, isobutane (MWof 58.12 a.mu, a liquid density of 0.55 glee, and
normal  boiwong7meisaé as above described of -11.75), n-pRET/HRE6/GSHHent ane
(MVof 72.15 a.mu, a liquid densityiof 0.62 glee, and nornal boiling point
of 27.85), neopentane, n-hexane, isohexane, and other saturated C6 to C8
hydrocarbons. [0053) In another enbodinent, the diluent or diluent m xture
is selected based wupon its solubility or lack thereof in _a particular

pol ymer bei nip08fbduded prefapied prpediment; the ditnent(niy sixtines therepd no sol ubility in

t he pol . ity i i s i ng the pol
oo YT Rl hd Modflab OarRRUHE] of disFRATHEGH 2 plQiilly | 1o POl YT
N Sy kbt ok e R L
di Imtjent, expg'éags?sfg%@sp?é%ﬁagﬁ?W“&%S@Fﬁlﬁé‘- ﬁEQ%CSS@BHB@ﬁsabl e fluid from
the surf ace yiaeimédihelenBnsEABSicHel B Sralleakfing fro lafdned as. the

percentage inciease in the filmweight after”soaking. The diluent or
di | uent i xt temwejature of epdtyderdy diffrantinheapingaaborintetry (BSGhsad tipr ake of | ess

than 4 W% preferably |les han 3 % r ferahly. | an 2 w%
even nore prete ‘é'glﬁgsféeassémﬁ%%e “r?/ﬁw\'%o %gaomr%%&rtg?%%ra ye?lﬁgdéféﬁt han 0.5
w % WO 2007840 kbaGd RUh/thiSa0asi2Bid. Inlgené@D) i ndltingreppatarecfd enbodi ment,
t he dil uent ( or. i xtures, thereof referably, the fl i nat ed

hydr ocar bon( 58?1(6&'?9 _b‘é”ﬂtl??g?‘@?ffﬂ}a“éﬁ"éOgg’Fgﬂéﬂ)‘Eﬂcﬂ%e Hﬁéfenf%lé‘ pol yner

nel ting te”p&%ééxﬂéﬁufgiﬂeht%isﬁg’i{(B@ﬂle(n%iﬁﬂé%%ﬁﬁaﬁé&ioﬁ)ﬁmtkw& than 15C by
the presence of the condensable fluid he depression of the polyner

mel ting tenmplreymiedhosg in the ar Sietlighen cohcytratipnsof disselyet maigrialhin thel t i ng
t t Lf s i i j (R DSCO) , d
e ot A S AP T ),

t hen conpar ar ‘neasu e sane

pol ymer t hat vilas of 3@a1). scaksde DEC fechiiguchndeaaidihgtht mdtthg pointgeneral , the
melting tenperature,o t he sqaked pol yner _will_be |.ower than that of the
dry po|yrrer.gem%waw% ‘é’ﬁ’é%b%%"lﬁtﬁ%%‘émﬁ@&sﬁ’ ibria 1y BolashdEet he el t ng

poi nt depr es§{@ind\TPh Ditthedi$ NMBWdgian University of Science and Technology, March

2000, which is incorporated herein by reference. (A preferred set of conditions

—O

for conducting the tests are summarized on Page 112 of this reference.) The
polymer melting temperature is first measured with dry polymer, and then
repeated with the polymer immersed in liquid {the condensable fluid to be
evaluated). As described in the reference above, it is important to ensure that the
second part of the test, conducted in the presence of the liquid, is done in a sealed
container so that the liquid is not flashed during the test, which could introduce
experimental error. In one embodiment, the ATm of the diluent, especially the
fluorinated hydrocarbon, 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.



known to those in the art that higher concentrations of dissolved materials
in the polynmer cause | arger depressions in the polyner nelting tenperature
(i.e. higher wvalues of ATm. A suitable DSC technique for determ ning the
melting point depression is described by, P.V. Hemm ngsen, " Phase
Equilibria in Polyethyl ene Systens", Ph.D Thesis, Norwegian University of
Sci ence andwigelinelssgy, March 2000, which is incorporaretvbmoeiimsiby
reference. (A preferred set of conditjgons for conducting the tests are
sumari zed on Page 112 of this reference.) The polyner nelting tenperature
is first neasured with dry polyner, and then repeated with the pol yner
immersed in liquid (the condensable fluid to be evaluated). As described in
t he referencé aboveggtjh_ﬁmmportant to ensure that the second part of the
test, conducted in ﬁﬁ? esenc of the liquid, is done in a seal ed

cont ai ner sda‘that {reRly 5 *hot flashed duri ng the test, which could

introduce qooB3fi Wﬂrlkahtalg«gtrswtem bﬂthemﬁre@wﬁmdmlrmmaltyhﬁmde’ﬁrmmfysﬁ he dil uent,
especially the fluorinated hydrocarbon, is less than 12C,  preferably |ess

than 10C, pramppups; gnd apés%va%qaamwdn@#@ay@éwé?%vum@ggﬁ%%‘ﬁ 6C, and nost
pref erably 'ﬁ&&éé}%ﬁ&ﬂ%@%% ng&f@ﬂ%@f%%talﬁf@st%aa?&élﬁgmATm is less

than 5C, preferably | ess than preferabl’y I'ess than 3C, even nore
preferably It@b@;caphldﬁ@@mmﬂlzmmhennheﬁmzamrwrb@sssseldmd ¥@& WD 2007/ 061596

PCT/ US2006/ Q4 8 ...catal y m A, Cat a s, [0055) The
Cat ol yat oy STanGmopotra iR comhelel B P hlarth s RIRADS | O
conpound, armb@myaaﬁdlsummmammamﬁate}gndcdmnm@dmmhwiéntsupport materi al s
and one or e co-cat aI conpo

nepts .of the catalyst systemare
chosen to 5’8 %108“?% ’fli‘f'g‘:a XSY?OZ‘&H’“P%‘YIH ‘BBY?/‘?T‘E&\ E‘il t%‘?] process
sel ect ed. FQEtaly@P@&Brh@oftHQin%EEfoh¥ﬁ¢sh«9ﬂﬁ;d1ﬁﬁer%u&ﬁriﬁﬂlﬁce§imqﬂhg’%n§| urry and/or

in a solution where the slurry and solution are_used seg}arately or conbi ned

and i nt r odudeeteliopgns campensis; fapsitien mefal qadystsde-2- Firsles Natd, FEUliRsS nmpounds whi ch
may be utilizg xgp &gung.gkﬁ%ﬁpoa%ﬁ oﬂ@ n%alﬂﬁys't & afPr such

pol ynmeri zation [ gan ocene orrpoun s; transition
met al cat al wémomﬂyglscoﬁr&ég:htalysmmpaundﬁhThb catalysts, coxegalystd Bndcont ai ni ng net al

conpounds; tht@l% r%.?or c n%pgu%%éaclz% o SRR éﬁrﬁ%én maa{%ldials. As used herein, the new
notation numbering scheme for the Periodic Table Groups are used as set out in
Chemical And Engineering News, 63(5), 27 (1985).
1. Bulky Ligand Metallocenes

[0056]  The catalyst compositions of the invention may include one or more

bulky ligand metallocene compounds (also referred to herein as metallocenes).
Typical bulky ligand metallocene compounds are generally described as
containing one or more bulky ligand(s) and one or more leaving group(s) bonded
to at least one metal atom. The bulky ligands are generally represented by one or
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 cyclopentadieny!
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



additional ly discovered catal yst conpounds. The catal ysts, co-catal ysts and
activator conpounds can include the support materials. As used herein, the
new notation nunbering schenme for the Periodic Table G oups are used as set
out in Chem cal And Engi neering News, 63(5), 27 (1985). 1. Bul ky Ligand

Met al | ocenes [ 00561 The catal yst conpositions of the invention nax I ncl ude
one or norwo duldeysoki gand met al | ocene conpounds (al so PETHPHEHY herein as
net al | ocenes). Typical bul ky Iigand Eﬁtallocene conpounds are generally
descri bed as containing one or nore bul ky |ligand(s) and one or nore | eaving
group(s) bonded to at |east one nmetal atom The bulky |ligands are generally
represented by one or nore open, acyclic, or fused ring(s) or ring
system(s) orlanthaadenir petiriidasetibsorfdlof Periodin delle ofiElesnehis g Brefsablyptbef er abl y t he

ring(s) or rj .systen(s) are typical osed _of 0 ted from
& oups, 13 1 P98 Y BTt ol Bl B TBr o e TRPER bl y 1 e
atonms are semnd6) ad hdsofiefdiblPihe thnsfipnshailingomiGrewy Aon, nitrogen, oxygen,
silicon, sulfur, phosphorous, germanium boron and al um. num,6 or a

conbi nat i on ¥ eofln °%§‘E‘b?ﬂ3@F'gr‘§5F%F§1Y%t REPesHIpROf thermyeptgp ! ?}E‘feérr( s) are
conposed of dﬁ%bpﬁﬂreaéuﬁiﬁigéﬂ&ﬁeﬁﬁoééﬂécaﬂﬂ&st Léiipduals feprebenfta®yawc! opent adi enyl

| i gands or ciycl opent adienyl -type ligand structures or other simlar

functi oni ng fomyaind structure such as a pentadi ene, a cycl ooct at et raendi yl
or an imde |igand. The netal 8%% pr rably selected from G oups 3

t hrough 15 and the WD 200710615 US2006/ 042847 19 | ant hani de or
actini de serwhese ifis & hetdPetoinaftbng thtPehiadioTallt eMbhaEmeMsefiémapbya t he netal is

a transition,netal om Grqups,.4.throygh 12 . nore preferab) oups 4, 5
Bnd 6 and IGED i FanaBl § HORRE bt orachbioheates OF o SRR I £ 00871 1 n
one enbodi MBjTiElentdhes, praferdblShi i§ @ RAPI4, 5 QN6 @hnditi héicble@Reférasly des  one or

nore bul ky |igand netal | ocene catalyst conmpounds represented by the
fornul a: LALBKSoupirasitien metal, sven meve areterellin™ is@HCoHEnARPYAPE” Tabl e of t he

R e L

4, 5 or 6 trsasiemts) aned aveany ancillarydigondsysienh nglukling unsubstituted or
substituted, cyclopentadienyl ligands or cyclopentadienyl-type ligands,
heteroatoﬁl substituted and/or heteroatom containing cyclopentadienyl-type
ligands. Non-limiting examples of bulky ligands include cyclopentadienyl
ligands, cyclopentaphenanthreney! ligands, indenyl ligands, benzindenyl ligands,
fluorenyl ligands, octahydrofluoreny! ligands, cyclooctatetraendiyl ligands,
cyclopentacyclododecene ligands, azenyl ligands, azulene ligands, pentalene
ligands, phosphoyl ligands, phosphinimine (WO 99/40125), pyrrolyl ligands,
pyrozolyl ligands, carbazolyl ligands, borabenzene ligands and the like, including
hydrogenated versions thereof, for example tetrahydroindenyl ligands. In one
embodiment, L and L2 may be any other ligand structure capable of n-bonding to
M. I yet another embodiment, the atomic molecular weight (MW) of L* or L®
exceeds 60 a.m.., preferably greater than 65 am.u. In another emtbodiment, L*
and L? 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 1.2 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 L® may be the same or different



is a Goup 4 transition nmetal, even nore preferably Mis zirconium hafnium
or titanium The bul ky ligands, LA and LB, are open, acyclic or fused
ring(s) or ring systen(s) and are any ancillary ligand system i ncluding
unsubstituted or substituted, cyclopentadi enyl |igands or

cycl opent adi enyl -type |igands, heteroatom substituted and/or heteroatom
cont ai ni ngWyWuEeIMadi enyl -type |iganpds. Non-1imitindCELBAIIEL3E: bul ky

| i gands i ncl ude cycl opent adi enyl |igands, cycl opentaphenant hreneyl |igands,
i ndenyl 1igands, benzindenyl l|igands, fluorenyl |igands, octahydrofl uorenyl
l'igands, cyclooctatetraendiyl |igands, cyclopentacyclododecene |igands,

azenyl |i gartys ofdulkydigend thijmbmdeq:f@rﬁaheqm embp@emuief FompdpHbynly | i gands,
phosphi ni m ne ()}1\9 9)15;48‘3%2%391_3 roI yl ligands, pyrozolyl |igands,
en e

car bazol yl Ilgan S, ‘ligands and the like, including

hydr ogenat eq0o%8] si dh&epbﬂ&h&ﬁfeachﬂdfaxﬁﬁmﬁ)ehmubaimﬂ&m nfrbe:rtytledl i gands. In one
enbodi nment LA and LB may any ot her Ilga d.struct abl e of n-bondi ng
to M In yétihs %%%‘S?F@'F%‘ g‘PHESI&tH?ﬁ XYM Fs W of LA or
LB exceeds %&p@?ﬁh&ude e @F BloAbrdm HeQRhp sclbftad &R hgdidheh, ml Fhegf)ot her

enbodi nent, LA  and conprise one or nore heferoatons, for exanple,

ni trogen, sibraushed alk)tlmdmfis ereallseny redivals alkyay! radiealspsdosliont edicalsi n combi nat i on

wi th carbon Egrﬁ fused, ring or
ring syst emO? gicglﬁsb% g{ﬁglgﬁﬁeagémgad%%1 %]%og‘ {a é‘fagljg/ﬁfyﬁ)éﬁm gsr‘y i gand O her
LA and LB bulllkythioi rgdicals diatkylandso rabmhls,azﬂenxmtbdnyhhdiedsto buI ky am des,

phosphi des, al koxi des oxi des, carb |de borol | i des,

por phyri ns, WPW&F%E%H‘? » SR, r'mgag.%fﬁg e di fﬁ%ﬁﬁ’é’{ ocycl es.

| ndependent |r¥d1c£§@hylbx‘§rrﬁdléhlé—ﬁcﬂﬁﬁmb@adﬁﬁﬁ gayiemio ratiédL seaiht WO 20071061596 20
PCT/ US2006/ Q42847 ype of bulk i gand that is bonded to M In one

enbodi nent d’FaJFB‘i"drﬁIICé{chcb plkypme ra ﬁ@sﬁc@ﬁhlﬁ%‘l‘)ﬂlﬂ)ﬁr@f g prefeppesent . (0058]
| ndependent | oo, fbsatith SRR Ry AP MO Bl aap Bl W 2

conbi nati on of substituent ¢roups l'imting exanplées of Substituent
groups R i nd-’rqmétfbﬁécad:rﬂnnmtepaﬂabwb@ h@sfgnbépﬂtbéﬂ]em@rhﬂ@mﬁthwpbgen, or

linear, br qﬂé:ﬂged T‘%n‘(‘%“ﬁ?g’%ﬂﬁﬁ)%“fg’?g%{g%ﬁw ﬁéalln§ﬂ1¥ [:Wlnyl ~radical s,

cycloalkyl radical's ica fadi cal s, al koxy
radi cal s, arwbmd@utﬁdxemal hexylalyEppdnigl O:yclaﬂaxgzhlbsuzyﬁmrqjhkwlgmupma:rdadi cal s,

:: t;’rycg; bo ﬁ? kr ag{cﬁxain%;i o ilsocl)*r)l( g, cr:rbe%%llﬂe te%t?alrg gutyl 1s%§rrog)91%l thé adi cal's,
like. Other hydrocarbyl radicals incinde fluoromethyl, fluoroethyl, difluoroethyl,
iodopropyl, bromohexyl, chiorobenzyl and hydrocarbyl substituted
organometalloid radicals including frimethylsilyl, tnmethylgermyl,
methyldiethylsily! and the like; and halocarbyl—substitﬁted organometalloid
radicals including tris(trifluoromethyl)-silyl, methyl-bis(difluoromethyl)silyl,
bromomethyldimethylgermyl and the like; and disubstitiuted boron radicals
inchiding dimethylboron for example; and disubstituted pnictogen radicals
ncluding dimethylamine, dimethylphosphine, diphenylamine,
methylphenylphosphine, chalcogen radicals including methoxy, ethoxy, propoxy,
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 arid 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,



radi cal s, acyl oxy radicals, acylam no radicals, aroylam no radicals,
straight, branched or cyclic, alkylene radicals, or conbination thereof.
Ina preferred enbodi ment, substituent groups R have up to 50 non-hydrogen
atons, preferably from1 to 30 carbon, that can al so be substituted with
hal ogens or heteroatons or the like. Non-limting exanples of alkyl

substit uent WORW¥SIN6e net hyl, ethyl, propyl, butyl, p@aryB006@hsdT,

cycl opentyl, cycl ohexyl, benzyl or phﬁ yl groups and the |ike, including
all their isoners, for exanple tertiary butyl, isopropyl, and the Iike.

O her hydrocarbyl radicals include fluoronethyl, fluoroethyl, difluoroethyl,
i odopropyl, bromohexyl, chlorobenzyl and hydrocarbyl substituted

or ganonet al | gijgbn! peHnemifh, hlofkduei, Beroh bt ABnBihioh Wereokr A8y ger nyl

met hyl di et hyl si |yl and the I'ike: and hal ocar byl - substi tuted_organonetall oid
radi cal s i ncfubstithentgraus® grPun ek ahksbwgns) may fgrm a carbon sigma bond to the

met hyl - bi s(djLipr omethyl)silyl,  brononet hyl di met hyl gernyl and the Iike;
and di substitiuted boron radicals including dinethylboron for exanple; and
di substit ut e[@0pi ct Otfen ligands oy be bonded todthewgetd! Mg suehlagatilerst one

di met hyl ph hi. di ph | am hyl phenyi ph hi. hal di cal
ol ud ng. ekt ot Ro ons et O Ra By hRe RpRe b s g 0" o oS
et hyl sul fi desigieBoitydMgBepediigioh therxidtibh sie bbtie metdlahatadrsocmisbon,

silicon, boron, alumnu ni t rogen, phosphorous oxy?en, tin sul fur,
ger mani um an® 19 suphibat Forpladilagovs reprpssats @ gevira bulky figandmanaliopqmeq ¢ o

ol efinicall ycdﬂﬁ?ﬁ%&ﬁﬁ&@@. substituents including vinyl-term nated |igands,
for exanple but-3-enyl, prop-2-enyl, hex-5-enyl and the like. Also, at

| east two R lﬂgﬁﬂiupsNOpﬂi];eﬁémga@Iaylemedﬁjgmmchﬂeg\fe@b’E@PS pckead oi ned to forma
ring structuge. L ] bon, nitrogen,
oxygen, phosp 8?%@fs{ésjag@eé8@7%0%%8%@%:@%@%%%%@%#@%&&?| con,

ger mani um afroumi Irnto 3 cirbomatoms, hydddesior hald gennaidiae Biof or aAlosbination substi t uent
group R group su as | - but anyl form a,carbon si bond to the netal

M 10059] Qﬁ ofihiﬂéﬁ e, o%%%nge@%%ﬁggamﬁ?ggﬁg °at | east one

| eavi ng gr oufndysteth. QBerRRRABIESBNY liglads ScREP O ¥uBsttéents X0 R @s | | gand having a
si gna-bond to endi ng on_the oxidation state of the netal, the val ue

M. De .
for nis 0, defm@?edzlg%‘{?cqﬂdﬂf&%d“ﬁd%yﬁ]ﬂp‘wlb eyclohgxyleheppprieiybnt s a neutral bul ky
l'igand net al {Qp&Rtthyl, tetramethylene, pentamethylene, methylidene, methyoxy, ethyoxy,

propoxy, phenoxy, bis(N-methylanilide), dimethylamide, dimethylphosphide
radicals and the like.
[0061]  In another embodiment, the catalyst composition of the invention may
include one or more bulky ligand metallocene catalyst compounds where LA and
L? of Formula IT are bridged to each other by at least one bridging group, A, as
represented by Formula IV,

LAALBMQ, @V)
[0062] The compounds of Formula IV are known as bridged, bulky ligand
metallocene catalyst compounds. L* L M, Q and n are as defined above. Non-
limiting exampies 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 afom 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’;Si, R’;Si



catal yst compound. [00601 Non-limting exanples of Q ligands include weak
bases such as am nes, phosphines, ethers, carboxyl ates, dienes, hydrocar byl
radicals having froml| to 20 carbon atons, hydrides or hal ogens and the

li ke or a conbination thereof. In another enbodinent, two or nore Qs form
a part of a fused ring or ring system Oher exanples of Q ligands include
t hose substW® dW#0&15%6r R as descri bed above and i ncl udREGUR)WI08356T vI |

cycl ohexyl, heptyl, tolyl, triflurong hyl , tetramet hyl ene, pentanethyl ene,
met hyl i dene, net hyoxy, ethyoxy, propdxy, phenoxy, bis(N nmethylanilide),

di met hyl am de, di et hyi phosphide radicals and the Iike. [0061] In another
enbodi nent, the catal yst conposition of the invention may include one or
more bul ky | RyeNH’ el RIP, RE€8 R’ Rahdbyilentt FpAiATgouwhieh ishyanide, La of Fornul a
1l are bridged to each other by at |east one bridging group, A as

repr esent ed }BﬁﬂfqﬂéﬁbﬁhF‘&’SWt"EM@BWYI(h%C@@b@éFtIWF?Q%@Gﬁ%gY}nds of Fornula IV

are Known asylcSses Bl olghthiioTE hAbLAGHRE Sl ofEhofREROUNTS. LA La,

M Q and n are as defi a Imti'ng exanpl es of bridging group A
i ncl ude bri ddjsubgtitgted bpronobsubsiithied gniatogéne agstituted eharagem ot Balpgen0® at om of t en
referred to as a_dival ent, nbie uch as but not |inmted t | east one of
a carbon, oxtﬁvaeoﬁfnoﬁff r%@é‘?ﬁloﬁeﬁﬁlyoc%ﬁ?a gﬁfﬂ?ﬁﬁystn%lf &'ﬁ?ﬂee@gbroﬁl%%e?'hm and tin
atom or a coiibbiddedBullylitagdinetaRo@hecadlyy chnpagingf Feemulp IAhawont ai ns a
carbon, silicon or g@_&gni um at .o m)séhgr eferably A contains at |east one
silicon at oni™8ror §torg MEFHRME &Y G POAE8hP Drhe bri dgi ng group A may al so

contain subs[robg;]enth%gmasen@oaﬁnéﬁgfﬂgmyq%%@mg@%&gé ffariial ogens and iron.
Non- limting exanpl es of briF%%J[i ng group may be representeq by R 2C

R 2Si, R 2Si compoput zr0besoeicrit Rspotioros 28 4r bulky ligandsL,* d28ef R P, where
Rt is indep IR@%' . ' [ [ dr ocar byl ,
substituted hy Pfg(%g%%@q ) gﬁ?@%@%@%ﬁmﬁ%@?ﬁoﬁge “qu‘g’é%?rrggl ,

hydr ocar by| - sibfigtdntsumedcioofthaiatiet Bands. dp ahatharembbyimestythetbutkyt ed

or ganoret o e LR HAh S TR o GHEB GG Rl e, subet 1t ed

system | n o864} bogdiheEmilky ligand metallocene catalyst compounds and catalyst
systems useful in the invention may include those described in U.S. Patent Nos.
5,064,802, 5,145,819, 5,149,819, 5,243,001, 5,239,022, 5,276,208, 5,296,434,
5,321,106, 5,325,031, 5,304,614, 5,677,401, 5,723,398, 5,753,578, 5,854,363,
5,856,547 5,858,903, 5,859,158, 5,900,517 and 5,939,503 and PCT publications
WO 93/08221, WO 93/08199, W0 95/07140, WO 98/11144, WO 98/41530, WO
98/41529, WO 98/46650, WO 99/02540 and WO 99/14221 and European
publications EP-A-0 578 838, EP-A-0 638 595, EP-B-0 513 380, EP-A1-0 816
372, EP-A2-0 839 834, EP-B1-0 632 819, EP-B1-0 748 821 and EP-B1-0 757
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,
WQ96/00244, 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.



the bridged, bulky ligand netall ocene catal yst conmpounds of Fornula IV have
two or nore bridging groups A (EP 664 301 Bl). [00631 In another enbodi nent,
the bul ky ligand netall ocene catal yst conpounds are those where the It
substituents on the bulky ligands LA and L8 of Fornulas IIl and IV are
substituted wth the same or different nunber of substituents on each of
the bul ky | PQLE%1¥H anot her embodi nept, the bul ky | i §6RYS2006044Ha Ls of
Formulas Il and TV are different fromeach other. [0064] O her bul ky Iigand
nmet al | ocene catal yst conpounds and catal yst systens useful in the invention
may include those described in U S. Patent Not 5,064,802, 5,145,819,

5, 149, 819, 5,{@66S] 00 IIn abotBS SO mest, ig6at21§8, compatonidahe infengod , 106,
5,329, 031, 5,.304,614, 5,67 0 T 398, 5 753,578, .5 854 3 5, 856, 547
S 858, 903, o Heleiet g orgneyh Bulky eand g ca AR RER TRTREUR B 0

93/ 08221, WOmR2h@389, WO 95107140, WO 98/11144, WO 98/41530, WO 98/41529,
WO 98/ 46650, WO 99/02540 and WO 99/ 14221 and European publications EP-A-O
578 838, EP-A-0 638 595, EP-B-O S4ABEY EFYMA -0 816 372, EP-A2-0 839 834,
EP-B1-0 632 gL, - Y/ - whi ch are
herein fully I n&aﬁ%?ﬁ%&%‘? lrgg%ﬁgﬂrggga%gggll‘@%ﬁd %ﬁgﬁ\%&‘éﬁ%di ment, the
cat al yst conposuiti¢semg lanthatides dfitheceriodin Tiably of Elvndentdeprifietabilydd ishaet er oat om

nono- bul ky | i gand | | ocene unds. Ih .types of. catal ysts and
catal yot  syst IRl 4 Rl Heandfion Byl AR MR hrsrerBp 1 it 0% 8 .15 T v
92100333, WO t£A4ifdPm@Stal, WA Bt pbetably MDD a L6 GBS Bnsitio@dtdl 80244, WO 97/ 15602
and WD 99/ 20637, and U.S. Patent Nos. .5, 057,475 5, 096, 867, .5, 055, 438,
5,198, 401, 5 035tOmYalg TapesTaly flantysn Indf OBl o WRHRIAG BIYER. A' O 420 436,
al | of whi ch 15684 Rkied 1 MUl & Bohdds &F MRS BehdRd to ¥ BHECENE A hetWaid@ 71061596 23
PCT/ US2006/ 042847 [0066] In another enbodi ment, the catal yst conposition of
t he i nvent i orffiffarydigand; apbAdy a brideinganoupy Q if g aniyalgritaaionisdignd; exd B yst
conmpounds re F ]EIB*#D ; whes i oup 3 to 16
met al atom oﬁggé%tﬂ%%?o’?eﬁrgb% rﬁlé‘:(w’% g%%p&%{?f a%tﬁsr’ﬁ}{ld*e%sgﬁ%'l ant hani des
of the Peri odien #abidmeit, B efiflennsla Vpis ef éafmbd ghaveifer I4. A, M and Q of

Formula V are as defined above in Formula I11.

[0067] In Formula V Jis a heteroatom containing ligand in which J is an
element with a coordination number of three from Group 15 or an element with a
coordination number of two from Group 16 of the Periodic Table of Elements.
Preferably J contains a nitrogen, phosphorus, oxygen or sulfur atom with nitrogen
being most preferred.

[0068]  In an embodiment of the invention, the bulky ligand metallocene
catalyst compounds are heterocyclic ligand complexes where the bulky ligands,
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 buiky 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 gninoline moieties, such as those described in U.S.



Goup 4 to 12 transition netal, and nore preferably Mis a Goup 4, 5 or 6
transition netal, and nost preferably Mis a Goup 4 transition netal in any
oxi dation state, especially titanium L< is a substituted or unsubstituted
bul ky Iigand bonded to M J is bonded to M A is bonded to J and Lo; J is a
heteroatom ancillary ligand; and Ais a bridging group; Qis a univalent
anionic |igaaaewanddh is the integer 0,1 or 2. |In Fornp{HRUSEME7 Lc, A

and J forma fused ring system |In an enbodinent, L' of Fornula Vis as
defi ned above for tt. A, Mand Q of Ebrnula V are as defined above in
Formula 111. [0067] In Formula V J is a heteroatomcontaining ligand in
which | is an elenent with a coordination nunber of three from G oup 15 or
an el ement mbﬂm%uomﬂaﬂrwabyma 600 18 Turfa3t mgf%&%@% 16 of the Periodic
Tabl e of El enents Preferably J contains a ni phosphorus, oxygen or
sul fur atom mormonatedﬂamg@’pren@e{wm&ws@mhnc@n@m,rté@lbul Db@}i metallgeenenbodi ment  of

the i nvent | oflbeahhlitts ki 4R0ALIRRAL LORDGRRIAL 30 6RPRG|AES o @

het erocyclic exes ere ring(s) or ring
systen(s), i masiezaﬁn,ewmh ﬁremlmﬁ:tuepmabcbmmmbyaefmmm nati on thereof

Non-limting npl es of heteropato clude . a Goup 13 to 16 el enent,
preferably n[‘ﬁ?@genﬁ‘ %ﬁcmwwnﬁ%?@&éﬁm%mﬁwlﬂifﬁf%ﬂWcon phosphorous

and tin. é’%oﬁﬁdﬁ%&ﬂﬁ&%o?ﬂﬂ&ﬁlg& H%ﬁshtll&ﬁﬁaﬁl £8i1R u dconpounds are
described in 96/ 33202 96/ 34 97/17379 and / 22486 and

EP- Al-0 874 DGrablite Wbsitued prwmsubistute rébndsd Gigas!, ogbonpzm;nos%, 554, 775,

5, 756, 611, 5 f i e herein
i ncor por at edh% @?%Pgﬁéé%ﬁ%@fgﬁc%ﬁgmggﬁgﬁo% ?ﬁg’@gfﬁi li.-and
met al | ocene &ﬁ#’aﬂq&mdd&?nﬁ)bﬁﬁﬁiﬁOS?aa]éof\hhuslearedmrpireﬁaﬁxnkmpmtedoyt ransition

metal catalys S based on bidentate |igands containing pyridine or quinoline
noi eties, subh 85t hose described in U S. WD 2007/ 061596 PCT/ US2006/ 042847

24 Appli cat i o78er i mmﬂm&ﬂﬁoﬁﬂﬂexﬁz&dﬂd}ﬁdo&nﬁmﬁﬁﬁ&%&mﬂdﬁl ch | s herein

i ncorporated. by reference. |n aaa# her enbodi nent, the bul ky

met al | ocene MEReR ong Or RIgrRIwkY @‘e‘?%@ﬁ%ﬁF%@“ﬁ“?@Pﬁﬁ% catl ons WO
99101481 andyy ¥R ¥2664, which are fully incorporated herein by reference.

L°MQAYZ)Xx VD)
where M 1s 2 Group 3 to 16 metal, preferably a Group 4 to 12 transition metal, and
most preferably a Group 4, 5 or 6 transition metal; L” is a bulky ligand that is
bonded to M; each (} is independently bonded to M and Q»(YZ) forms a ligand,
preferably a unicharged polydentate ligand; or Q is a univalent anionic ligand also
bonded to M; X is a univalent anionic group when n is 2 or X is a divalent anionic
group whennis 1;nis 1 or2,

[0072] In Formula VI, L and M are as defined above for Formula Il Qisas
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, -8R, -SiR3, -PR2 and -H; R is
selected from a group containing carbon, silicon, nitrogen, oxygen, and/or
phosphorus, preferably where R is 2 hydrocarbon group containing from 1 to 20
carbon atoms, most preferably an alkyl, cycloalkyl, or an aryl group; n is 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.



100701 In anot her enbodi nent, the bul ky |igand netall ocene cat al yst

conpound is a conplex of a netal, preferably a transition netal, a bul ky
ligand, preferably a substituted or unsubstituted pi-bonded |Iigand, and one
or nore heteroallyl noieties, such as those described in U S. Patent Nos.
5,527,752 and 5,747,406 and EP-131-0 735 057, all of which are herein fully
i ncor por at edORYO76EPEr ence. [ 00711 I n anot her enbodi menetcTUbmIc@bab yst
conposition of the invention includesppne or nore bul ky |igand netal |l ocene
catal yst conmpounds is represented by Formula VI: LDMR(YZ) X" (VI) where M
Is a Goup 3 to 16 netal, preferably a Goup 4 to 12 transition netal, and
nost preferably a G oup or 6 transjition netal; LD is a bul ky Ilgand

that is bond®¥3o I\J?Pa@ﬁbﬁBQbP@meﬂ‘d@ﬁé’H%ﬁgW%ﬂh@ﬁﬁ"@ﬂﬁhnd @(YZ) forns a
ligand, pref g&gp‘%}g QIDG H@s{cg@ lﬂgbtg’ Sibfi@kisnd %14S’f W8 a unival ent

ani oni c Ilgan a univa t anionic group when n is 2
or X is a di\val4eae4, ar]nlcrhmm:fullgbmmpommerem@rﬁferamces 1 or 2, [00721 In

Fornul a Vi abov or For Qis as defined
above for Foh?r(ﬂﬂg 11@“%?%?‘5’?%%%&@3?@”?@18%%3 P’%I‘WSE%“@? oup consi sting
of -0, -NR-, demed ﬁhrUiS l&tant Mol 594, 4626%1@1 Qrmeﬁrpozatecsh@ahwm&eﬁdeom the group
consi stl ng o SR -SIR3, -PR2 and substituted or

unsubst i t ut edO(Hﬁs;'I ﬁmuwmlwaﬂﬁtswwswa%ﬁ%%r@# WCenkR- then Z is
sel ected 11 Qm.REE aQbest xf%dgﬁ QP 96/286555hA 610794, Qﬁm!éﬁ%nme@R -SiR3, -PR2

and -H Ris s ecte roma group containi'ng carbon, silicon, nitrogen,
oxygen, and/ mnetaamwbphqumﬁednmﬁl’ﬁ %éﬁbARWlsclaarhiadﬁmcar bon group

containing from.1l on_ at t prefer a| kyI cycl oal kyl ,
or an aryl rl%coﬁ’or edl%er%{lﬁg R‘F Ji raﬁ%m@aﬁ%ﬁ%ﬁ"aﬁ?& é'&é@{gthoi or 2; Xis a
uni val ent anidestribedyih@®@P0 9&1083670&11 Eoﬁbleﬂbss)(mﬂcsdﬁleﬁllmhemmlm(@ﬁl(}c group when n
Is 1, prefer bamat e, rbox t het eroal | yl noiety
descri bed by%99§7‘é6‘1){t aulaseas (ED A7 2"3’()7‘%812 é@?ﬁﬁ%‘yﬁs 06/0 4284 7
25 [00731 I n geasbheh (TNRENIRB! 6,06814buhiKY aleliSRRGAR] RdiR6ENE cat al yst

compounds are those described in PCT publ I cati ons WD 99/01481 and WD
reference.

[0076] It is also contemplated that in one embodiment the bulky ligand
metallocene catalysts, described above, include their structural or optical or
enantiomeric isomers (meso and racemic isomers, for example see U.S. Patent No.
5,852,143, incorporated herein by reference) and mixtures thereof.

2. Transition Metal Compounds

[0077] In another embodiment, conventional-type transition metal catalysts
may be used in the practice of this invention. Conventional-type transition metal
catalysts are those {raditional Ziegler-Natta, vanadium and Phillips-type catalysts
well known in the art. Such as, for exarnple 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: MR, where M is a metal from Groups 3 to 17,
preferably Group 4 to 6, more preferably Group 4, most preferably titanium; R is a



98/ 42664, which are fully incorporated herein by reference. [00741 Usef ul

G oup 6 bulky ligand netal | ocene catal yst systens are described in U S
Pat ent No. 5,942,462, which is incorporated herein by reference. 10075]
Still other useful catalysts include those nultinuclear netall ocene

catal ysts as described in WO 99/20665 and 6,010, 794, and transition netal
net aar acyl e¥YS2$0%2¢18%%es described in EP 0 969 101 A2, wWhPCHUSEOS/MARI n

i ncorporated herein by reference. Qthgr netall ocene catal ysts include those
described in EP 0 950 667 Al, double cross-linked netall ocene catal ysts (EP
0O 970 074 Al), tethered netall ocenes (EP 970 963 A2) and those sul fonyl
catalysts described in U S. Patent No. 6,008, 394, which are incorporated
herein by habgsnanadydic0fB@Abxy trous and 3 & thontidatiph ataechf theanetaldM.one enbodi ment

the bul ky Iigand . .nmetall ocenge.catal ysts,  descr,i bed above, include their
struct ural k;gng:ﬁqlp%gaqxag}p?esgﬁﬁﬁ@qﬁgﬁgﬁﬁogy,ipggt}pgy,sbr?xﬁglgbc%iqpﬁleIag emc i soners,
for exanpl eﬂﬁ&ﬁ’dey-r@n-lﬁﬁﬁaﬁbxd}mes 02 clvéntihdl-tyhS G RIROh aletll cigyas n by

reference) and m xtures thereof. 2. Transition Metal Conpounds [00771 In

anot her enbddeiesvhis titaninmpdpalvdsaCle TiBe, TH@RHDCONHREH)Wat al ysts may be

used in the b@%ﬂi S N ' quﬁy Sy —type transition netal
catal ysts a;[get t o%)tg,@t'r?gglblf’l%[%%%ﬁ’\@pgﬁsg&rﬁat l?i, gégfr}Ba |dum and Phillips-type
catal ysts WEOC fhg®iy.in the art. Such as, for exanple Ziegler-Natta

catal ysts a cribed .in.Ziegler-Natt al ysts and Pal yneri zati ons, John
Boor, Ac adeiqogsﬁr eég?vwﬂ%kmeﬂfm%%m%%sgmawﬁ%ﬂ%% onal -t ype
transition mRpMsivgetiRhyei decbt-dahd QompleS Ul e uséfulin the iMPdneioH aios .

4,115,639, 4,077,904, 4,482,687, 4,564,605, 4,721, 76% 4,879, 359 and

4, 960, 741, gFﬂmBﬂ’WEﬁf%’ﬁjeﬁ'@Fﬁmflﬂﬂsi 395508 A0 0Byhicharer ence. The
convent i onakek MR @&pbiat reRteake. F’ﬁfe@\h@@@l&&ﬂﬁ%&%}&&ﬂaﬁ?@% be used in
the present invention include transition netal conpounds from Goups 3 to
17, pref er aphficujatypreferredore preferably 4 to 6 of the Periodic Table of

El enent s. ] f I r L £4,,0 | catal ysts may
be repr esek@géﬁbyI%{naﬁgﬁ?%tgﬁu@%ﬂyﬁé?ﬁ&ﬁ’é?% @I |'§' %ﬂérr{épgf ﬂ?@r@@ oups 3 to 17,
pref erably Gereompnebrioyatéd bymefeenweafesmribd yvarGuoemventiongldypaaesdumabl y titani um

Ris a W 29:87 ys(,)t%%x?nggunl?lg oz?- 1%9@11]2052%%?1?33 012 c%nvcntional—type vanadium

catalyst compounds include vanadyl trihalide, alkoxy halides and alkoxides such
as VOCl3, VOCIy(OBu) where Bu =butyl and VO(OC;Hs)s; vanadium tetra-
halide and vanadium alkoxy halides such as VCl and VCl;(OBu); vanadium and
vanadyl acetyl acetonates and chloroacety! acetonates such as V(AcAc); and
VOCh(AcAc) where (AcAc) is an acety] acetonate. The preferred conventional-
type vanadium catalyst compounds are VOCl;, VCL, and VOCL,-OR where R is a
hydrocarbon radical, preferably a C; to Cy4 aliphatic or aromatic hydrocarbon
radical such as ethyl, phenyl, isopropyl, butyl, propyl, n-butyl, iso-butyl, tertiary-
butyl, hexyl, cyclohexyl, naphthyl, etc., and vanadium acetyl acetonates.

[0081] Conventional-type chrominm catalyst compounds, often referred to as
Phillips-type catalysts, suitable for use in the present invention include CrQs,
chromocene, silyl chromate, chromyl chloride (Cr0O,Clz), 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, 3,231,550,
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 in U.S.
Patent Nos. 4,124,532, 4,302,565, 4,302,566, 4,376,062, 4,379,758, 5,066,737,



hal ogen or a hydrocarbyl oxy group; and x is the oxidation state of the netal
M  Non-limting exanples of R include al koxy, phenoxy, brom de, chloride
and fluoride. Non-limting exanples of conventional -type transition netal
catal ysts where Mis titaniuminclude TiCl4, TiBr4, Ti(0OC2H5) 3Cl,

Ti (OC2H5) C13 8604H9) 3Cl1, TI(QOC3H7)2C12, Ti (OCZHS) 2Br2, TiCl3'/3A C 3 and
Ti (0C12H25)‘@3°°7{° %91 Conventional -tyge transition net BCT/US20G02/7 Compounds
based on magnesiunititani um el ectron-donor conpl exes that are useful in the
invention are described in, for exanple, U S. Patent Nos. 4,302,565 and
4,302,566, which are herein fully incorporate by reference. The MTi Cl 6

(et hyl acet atgpa,7a% 5848160 %6,858,14h 851 64 and %845 BHand peblishagdF0428ri ti sh

ncor por at ed 5y SForZ Pt A R0 h aiodt BTkt meBimbrbie el anaai um
catal yst conmppssps, OwdtchtaRbik hﬁgmmaﬁitﬁmccchtag@ﬁ\mﬁds@nah, dnylmevanadi um

cat al yst conpounds i ncl ude_vanadyl trlhallde koxy hal i des and al koxi des
such ~as Voctabalhiem kel ind paladummgptalystsyall kg W%’C%‘QE‘Z oT yanadi um tetr a-

nal i de and venagiums bt kRSN 69 Vs e YGhaSBliagvanadi om and

vanadyl acetyl acetonates an ‘chloroacefyl”’ acet'onat es such ’as V(AcAc)3 and
VOO 2( AcAc) Whmh@f(mmwai@éhamnén'ecfynen@cetonate The preferred conventional -

hyer ocar bon TEal TsPEF ErogmgRaf il el T A iR e T e 1t 10
hygr?c?r bon cﬁtﬂ@ﬁt%ﬁ%}@lﬂ?hlrﬁie e%ﬂ%/dtr:omlbtﬁh ﬂmh,oftlﬁ@:iweﬁmd Fobwtamiﬁleﬁpefeopylt, |
n-butyl, iso erti - bu ex cyc y pht hyl, etc., an
vanadi um aceﬁ%t?@ftg?ﬁaf‘@g? X?%éi?ﬁ“&ﬁ@éi{rﬁ%ﬁélsgﬁﬁ JJH’rsé)laﬂ cat al yst

conmpounds, ofstmznpm%ﬂ'mcﬂﬁeﬁ&em@m lhb&ﬁorhﬁé@ﬁe&ﬁtr%&e& suitable for use
in the present invention include Cr chronocene, silyl chromate, chronyl

chloride (Cr iﬁ’@ﬁb . otip Brhgigoptespiaigd mﬁ@%&ﬁ@&?'@ of gcaimysirompeds acet onat e
(Cr(AcAc) 3), apl SGk Gein U S
Pat ent Nos. % %gbé(% tggg{%ggﬁ%&}ag% u%g § g%g gggﬂhandgﬁl%?? 904, which
are herein fmﬂwnuqm@knamrsmmm;tdsrcebmﬂ@wemﬁG@@Qlitnﬁmg Iekanmlmf
conventi onal h cat d | yst systens
suitable for u))‘s{eg I n’%ﬁ%%}lé élsgeylerrl’y’e@ﬁ?‘?egﬁ%gd g&og% CPSI ﬁlw Pat ent Nos.
4,124,532, 443028563704, ,43123, 126318,4,3705862183463,/3915650, 3900737,

5,691,264, 5,723,399 and 5,767,031 and PCT Publication WO 96/23010 published

August 1, 1996, all of which are herein fully incorporated by reference.

3. Group 15 Catalysts

[0086] In one embodiment, the catalyst compounds utilized in the invention
mclude: one or more Group 15 containing metal catalyst compounds. The Group
15 containing compound generally includes a Group 3 to 14 metal atom,
preferably a Group 3 to 7, more preferably a Group 4 {0 6, and even more
preferably a Group 4 metal atom, bound to at least one leaving group and aiso
bound to at least two Group 15 atoms, at least one of which is also bound 1o a
Group 15 or 16 atom through another group.

[0087] In 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 C, to Cyy
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
ahydrogen, 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



WD 2007/ 061596 27 PCT/ US2006/ 042847 5,763,723, 5,849, 655, 5,852, 144,

5,854, 164 and 5, 869, 585 and published EP-A2 0 416 815 A2 and EP-Al 0 420
436, which are all herein incorporated by reference. (00831 Other catalysts
may include cationic catalysts such as AMC13, and other cobalt, iron,

ni ckel and pal | adium catal ysts well known in the art. See for exanple U S
Pat ent Nosw@048%,19%2, 4,472,559, 4,182,814 and 4, 689, #87;usalok/oa2847 whi ch are
i ncorporated herein by reference. [0084] It is also contenplated that other
catal ysts can be conbined with the catalyst conpounds in the catalyst
conposition of the invention. For exanple, see U S. Patent Nos. 4,937,299,
4,935,474, 5,281,679, 5,359,015, 5,470,811, and 5,719,241 all of which are
herei n ful | wyticgomoandtnes) dpaiosdlly be bberlan bpdrogetDB8Rdlodeh, 4 Isctdrontdrhor

contenpl ated that one or nore of the catal yst conpounds described above or
catal yst sy<&t®l cﬁfg 1 HauR, SEDFIFOUORSPHAPIEEF WPt h one or nore conventi onal
catal yst co dS Rlan@bAmb3inHs HRTrouNS contaHikd MetaEocapBsorof i xed
catal ysts a%@sﬂt all;%sa?&_gystensn%e described in U S. Patent Nos. 4,159, 965,
4,325, 837, 4hgpeseagiyergion mpybe sepraeainbe forgpuleg3 867, 5, 391, 660, 5, 395, 810,
5,691, 264, 5,723,399 and 5, 767,031 and PCT Publication WO 96/ 23010 published
August 1, 1996, all of which are herein fully incorporated by reference. 3.
G oup 15 Catal ysts [0086] In one enbodrAent, the catal yst conpounds utilized
in the invention include: one or nore Grou§615 cont ai ni ng nmetal catal yst
conpounds. The Group 15 contai nigg corJ{ppkrn generally includes a Goup 3 to
14 nmetal atom preferably a GouRA3 ty 7, nore preferably a Goup 4 to 6,
and even nore preferably a G.qup 'yét a\atom bound to at |east one

| eavi ng group and al so bounngo—'ai— east MWe.<Gr oup 15 atons, at | east one
oft which is also bound to a Goup 1 %r/16 atom t hrough anot her group.
[0087] In one enbodinent, at |east one oi\thie G oup 15 atonms is al so bound
to a Goup 15 or 16 atomthrough anot ieer dtoup which naybe a G to C20

hydr ocar bon group, a heteroatom cont ai l®ong group, silicon, germanium tin,

| ead, or phosphorus, wherein the Goup 15 or 16 atom may al so be bound to
nothing or a hydrogen, a G oup 14 atom contai ni anoﬁﬁlﬂlflem a hal ogen, or a
het er oat om cont ai ni ng group, and wherein each of 'the two Group 15 atons are
al so bound to a
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Formula IT

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 hafirium;

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

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

n is the oxidation state of M, preferably +3, +4, or +35, and more preferably +4;



WO 2007/ 061596 PCT/ US2006/ 042847 28 cyclic group and may optionally be
bound to hydrogen, a halogen, a heteroatom or a hydrocarbyl group, or a
het er oat om cont ai ni ng group. [0088] In another enbodi nent, the G oup 15
cont ai ning nmetal conpound of the present invention may be represented by
the formulae: R4 R R6 R3- L~-K %nXn-z Z1'--1 R7 5 Formula | or R4/
R6 RI1- YwRS07dsideXn+m R2-Z/ R7 Formula 11 wher ei POWUSE00&043Eup 3 to 12
transition metal or a Goup 13 or 14,4mmin group metal, preferably a G oup
4, 5, or 6 netal, and nore preferably a Goup 4 netal, and nost preferably
zirconium titaniumor hafnium X is independently a |eaving group,
preferably, an anionic |eaving group, and nore preferably hydrogen, a

hydr ocar byl mds thefornal ek gerqfaicoVZ.Dor the YEI' bgeid, prefecebips,t—-1preéresiabl y an al kyl ;
y is 0 or | (when is O L'is absent); nis the oxidation state of M
preferably +3, Fepﬁﬁe%&ﬁ’d' re preferably +4;, WD 20071061596 PCT/US2 0 0

6/ 04 28 4 9Lls?a%1‘6hﬁ: $5 g,lhﬁ; glgﬁémlprmlggﬂﬁteﬁ he YZL or the YZL' Ii gand,
referably 0, -1, -2
P Y L' is a Group 15 or 16 element or Group 14 containing group, preferably carbon,

silicon or germanium;

Y is a Group 15 element, preferably nitrogen or phosphorus, and more preferably -
nifrogen; |

Z is a Group 15 element, preferably nitrogen or phosphorus, and more preferably
nitrogen;

R! and R’ are independently a C; to Cp hydrocarbon group, a heteroatom
containing group haﬁng up to twenty carbon atoms, silicon, germanium,
tin, lead, or phosphorus, preferably a C, to Cyg alkyl, aryl or aralkyl group,
more preferably a linear, branched or cyclic C; to Cyp alkyl group, most
preferably a C; to Cg hydrocarbon group, wherein R' and R* may also be
interconnected to each other;

R? is absent or a hydrocarbon group, hydrogen, a halogen, a hsteroatom
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 ary! 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 Cyp hydrocarbon group,
a C; to Cy aryl group or a C; to Cy aralkyl group, or a heteroatom
containing group, for example PR3 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 R 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



and nore preferably -2; Lis a Goup 15 or 16 elenment, preferably nitrogen;
L' is a Goup 15 or 16 elenent or G oup 14 containing group, preferably
carbon, silicon or germanium Y is a Goup 15 elenent, preferably nitrogen
or phosphorus, and nore preferably - nitrogen; Zis a Goup 15 el enent,
preferably nitrogen or phosphorus, and nore preferably nitrogen; R and R2
are i ndepemdenthsisss CL to C20 hydrocarbon group, a hetRCTHEI20060428¢Nt ai ni ng
group having up to twenty carbon atons, silicon, germanium tin, |ead, or
phosphorus, preferably a C2 to C20 aI3QyI, aryl or aral kyl group, nore
preferably a linear, branched or cyclic C2 to C20 al kyl group, nost
preferably a C2 to C6 hydrocarbon group, wherein R1L and R2 may al so be

i nt erconnect,e ach X i t : up, hydrogen,
a hal ogen, Ea1 gse%bg?rg’a om wc}g%%nélgﬁilr%% gf%ﬁ%,°°g§agﬁ"£§gf‘§%§{ I e’g{r% cyclic or
branched al kyl giiederpatolh@untaging stamp20 car bon atons, nore preferably R3 is

absent, hydrogen oy .an | K ar «.and,,nost preferably drogen; R4 and R5
are indepenbéfnfql?aéﬁli‘a%ﬂ?&he_ M%h& |’1blf‘6fllfg‘,1“£%ﬂ§'{ﬁet°£%&§%@yl group, a
cyclic al kykigfaQURnt fe 31603 hid Mt RAviY &lohifs RI Kyl group, a cyclic aralkyl
group, a substituted cyclic aral kyl group or nultiple ring system

preferably hsygong @) RO aedRTALPAD B ifidRoniBRlcE” RiShemthayr DA Reen 3 and 10

carbon atons, and even nore preferably a CI to C20 hydrocarbon group, a O
to C20 aryl ngybdegirestlyhoa@id to cacB2then prinkybe bod fn eaoh othettbtonglbethem cont ai ni ng

group, for exanple | ere is.an al kyl ...ar.oup; nd may be
i nt erconnec?@&g%?o&yeig%hg\lﬁﬁg}a?aﬁ?\h?ﬁ%ﬁfn‘%@ %és H@?@éﬁtﬁl A% connected to
each ot her; nfa0 badiedBy bR th REBRERM eNhhybahiRnd to eddly dthat@rugasthel Kyl group,

hal ogen, heteroatom or a hydrocarbyl group, preferably a linear, cyclic or
branched aF®yPS-group having | to 20 carbon atons, and nore preferably

absent ;  and 346y 00 AhURLP IR ub bl o BRAP b4 alky} Padicals, alkenyl radicals,
alkynyl radicals, cycloalkyl radicals, aryl radicals, acyl radicals, aroyl radicals,
alkoxy radicals, aryloxy radicals, alkylthio radicals, dialkylamino radicals,
alkoxycarbonyl radicals, aryloxycarbonyl radicals, carbomoyl radicals, alkyl- or
dialkyl- carbamoy] radicals, acyloxy radicals, acylamino radicals, aroylamino
radicals, straight, branched or cyclic, alkylene radicals, or combination thereof.
An aralkyl group is defined to be a substituted ary! group.
{0091] In a preferred embodiment R4 and R5 are independently a group
represented by the following formula:

RrR12
i
R R8
R10 \ RY
Bondto ZoryY

Formula t

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



R~ is absent, or is hydrogen, a G oup 14 atom containing group, a hal ogen,
or a heteroatom containing group. By "formal charge of the YZL or YZL'

ligand”, it is neant the charge of the entire |igand absent the nmetal and
the | eaving groups X. [0089] By "Rl and R2 nay al so be int erconnect ed" it is
meant that R and R2 nmay be directly bound to each other or be bound to

each ot her wormounghseet her groups. By "R4 and RS may al EST’E@OP‘H?“ ¢onnect ed"
it is meant that R4 and RS may be diziectly bound to each other or maybe
bound to each other through other groups. [0090] An al kyl group maybe

| i near, branched al kyl radicals, alkenyl radicals, alkynyl radicals,
cycl oal kyl radicals, aryl radlcals acyl radicals, aroyl radicals, alkoxy
radi cal's, aryl oxynciudic8at, oropyl Rybutyli soupaanycaPR Swnay RgY SWReyEiti cal s,

al koxycar bonyl r I C EPQE;Q i cal s,

al kyl - or dial kgfyuﬁ?é@t%%oy t&?égl c%l([)@,b’ g{i:ly glxgder?&ﬁg S, glb:}{g?ﬁ no

radi cal s, aroyl amtonmtic.r adi cal s, straight, branched or cyclic, alkylene

radi cal s, or conbination thereof. An aralkyl group is defined to be a
substituted aryl group. [00911 In a preferred enbodinent R4 and RS are

i ndependent Id[somgr QHPa ﬂr@f@ﬁ&ﬁ%aibsatuiam b FohAnbow R RO md /2R RI1 R8 O
R10 R9 Bon or Y Fornula 1 wherein: Rs to R 2 are each independentl|y
hydrogen, a imiependemiat kpthyl e, prepybar bufel sraup Goeleding el isomgrshetier oat om

[ noar or brasipAeEdl Bhifiith 1, 47 SERDRe nBpI B BRI S © 1o <P

PCT/ US2006/ (éeXidAloge®1 net hyl, ethyl, propyl or butyl group, any two R groups
may forma cyclic group and/ or a heterocycl ic group, wherein the cyclic
groups may je093] In a particularly preferred embodiment R* and R® are both a group

{

represented by the following formula:

/ BondfoYorZ

CHs CHs

O

CH3

Formula 2

[0094] - In this embodiment, M is a Group 4 metal, preferably zirconium,
titanium or hafhium, and even more preferably zirconium; each of L, Y, and Z is
nitrogen; each of R'andR%is -CH,-CHp; 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:



aromatic. [0092] In a preferred enbodi ment of Formula 1, R9, R1D and R12 are
i ndependently a nethyl, ethyl, propyl or butyl group (including all

isoners). in another preferred enbodinent, R9, RID and R12 are nethyl
groups, and R3 and R* are hydrogen. [0093] In a particularly preferred
enbodi mrent R4 and RS are both a group represented by the follow ng fornul a:
Bond to Yow& 200Hep18463 CH3 Formula 2 [0094] In this enbd@THS#06/04847s a G oup
4 netal, preferably zirconium titamumor hafnium and even nore
preferably zirconium each of L, Y, and Zis nitrogen; each of RL and R2 is
-CH2-CH2-; R3 is hydrogen; and R6 and R1L are absent. [0095] In another
particularly preferred enbodi nent, the Goup 15 containing netal conpound
is represented by Conpound | bel oy WD 20071061596 PCT/ US2006/ 042847 32 -0
c\ ,,,,,a\CH2Ph HN--r CPh Compound I wherein Ph in Conpound 1

equal s phenyl. (0096] The G o# cont ai ning nmetal conpounds utilized in
the catal yst conposition of vention are prepared by nethods known in
the art, such as those disclgseualin EP 0 893 454 Al, U S. Patent No.
5,889,128 and the referencesjcited in U S. Patent No. 5,889,128 which are
all herein incorporated by reterence. U S. Application Serial Nunber
091312,878, filed May 17,\ 1999, dij es a gas or slurry phase

di
pol ymeri zation process psi ‘i)“;\)\potngd bi sam de catal yst, which is also
i ncor porated herein by rei’ere?ce. CH,Ph

N

Compound 1

wherein Ph in Compound 1 equals phenyl.

[0096]  The Group 15 containing metal compounds utilized in the catalyst
composttion of the invention are prepared by methods known in the art, such as
those disclosed in EP 0 893 454 A1, U.S. Patent No. 5,889,128 and the references
cited in U.S. Patent No. 5,889,128 which are all herein incorporated by reference.
U.S. Application Serial Number 09/312,878, filed May 17, 1999, discloses a gas
or slurry phase polymerization process using a supported bisamide catalyst, which
is also incorporated herein by reference.

[0097] A preferred direct synthesis of these compounds comprises reacting the
neutral ligand, {see for example YZL or YZL' of formuia I or II) 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.



]0097] A preferred direct synthesis of these conmpounds conprises reacting
the neutral ligand, (see for exanple YZL or YZL' of formula | or 11) with
MX'" (Mis a Goup 3to 14 metal, nis the oxidation state of M each X is
an anionic group, such as halide, in a non-coordinating or weakly

coordi nating solvent, such as ether, toluene, xylene, benzene, nethylene
chl ori de, amdhorob@¥ane or other solvent having a boil peguessilszsabove 60 C
at about 20 to about 150 C (preferabl3g 20 to 100 C), preferably for 24
hours or nore, then treating the mxture with an excess (such as four or
nore equi val ents) of an al kylating agent, such as nethyl magnesi um brom de
in ether. The nesi um s Its arﬁlﬁ moved by.filtration, and the netal

conpl ex i sol A‘E%Tqbyl%? gingest: 15 qpsa Bt P R LET8OBEH US2006/ 042847
33 100981 In %ﬁﬂ?@ﬂieﬂﬁﬂ%ﬁﬁﬁm@@hﬁﬁn&%n@ﬂm %di‘lﬂ{kﬁeé‘%%@:!m@m”d i's

prepared by a method conprisihg reacting a neu | igand, "(see for exanple
YZL or YZL' ooYZmerf@rnmlaIwﬂbmﬂlamomowddmwdbyd}srfe@em by the formul a

M X" (where i tate of M each
Xis an ani 8%41 {\Pé\%ﬁﬁé‘@ tc?ulg')mé‘?‘} s ox&dag?ra ﬁigg%:“ }e\j\/{e;a |y coordinating
sol vent, at ambeiuleaflgGroap) ﬁ%ﬁﬁwGOﬂﬂElﬁﬁﬂ?@%ﬂ@f ca@aimhangosommabxout 100 C,
thentreatlngthe mxture with an excess of an al kylating gent t hen

recovering t RBOYEP ol orghons @xeferably ababguted0dp papt &0 daithmditeaingdhs ol vent has a
boi | i ng poi nthiabRYEHEH egces§HP791 a@@latﬁlglagél?%erf%&ﬁ% ¢ hepeaN&mARd/ or hexane.

I n anot her enbodi nent the sol vent rises ether and/or nethyl ene
chloride, ei theprefsaien gmbedimenthy %)IVﬂ{ﬂd@QQbolﬁog paddibovop(hiC, |Slth1h@|S mat i on of

Group 15 con iLn cals, Inc. in
EP 0 893 454Ft é;" )@1 c}’%hzcﬁ%g’rsmég}é{ﬁanm 1 6h Stﬁe%ﬁ]g’f)g{g’m %S%E‘ge ined with
activators tOomp‘ﬁsymhtmﬁdbi‘mﬁﬂnmneél‘ﬂlirf&é,leﬂlhﬂrlﬁﬂil@;&ﬁﬁﬂﬂierrent the Group 15
containing netal conpound is allowed to age prior to use as a

pol ymeri zati ¢o099]) t Halsaddﬂﬁmlri@ﬁ)ﬁﬂamﬁ o8 GrdwpasicomniRing@edd sh@podrdgt one such
cat al yst co und t least 48_haurs) r.fqrne better than a newy
prepared cat e??ﬁa@@%ﬁ 6ﬁﬁm“ﬂf éﬁéﬂ§£ﬁ$§§498§6 #Hﬂ“@%?%??@?mﬁonp05|tlon of
the inventi O&emxnﬂdegéméa%up&tlwasﬁwmﬁﬂa&b%fefﬁét al yst conpounds
represent ed (}llﬂt he foll ow ng fornul ae:

6  Inone embodiment the Group 15 containing metal compound is

allowed to age prior to use as a polymerization. It has been noted on at least one
occasion that one such catalyst compound (aged at least 48 hours) performed

better than a newly prepared catalyst compound.
4, Phenoxides

f0101]  The catalyst composition of the invention may include one or more

phenoxide catalyst compounds represented by the following formnlae:

R1

R2
O —MN—-Qp-1

R3 R5

R4

Formula (VII) or



RL R QM- n1 R3 R5 R4 Formula (VI1) or WD 20071061596 PCT/ US20
06/042847 34 R1 -2 :::KRARLOR4A R R3 Formula (VIIl) wherein: RL is
hydrogen or a C4 to C300 group, preferably a tertiary al kyl group,
preferably a C4 to C20 al kyl group, preferably a C4 to C20 tertiary al kyl
group, preferably a neutral C4 to C100 group and may or nmay not al so be
bound to MQ2@t0disdast one of R2 to R5 is a group cont FICATUL004¥8t7er oat om
the rest of R2 to R5 are independent}y hydrogen or a Cl1 to Cron group,
preferably a C4 to C20 al kyl group (preferably butyl, isobutyl, pentyl
hexyl , heptyl, isohexyl, octyl, isooctyl, decyl, nonyl, dodecyl ) and any
of R2 to RS also nmay or may not be bound to M O is oxygen; Mis a group 3
to group 10 transition netal or |anthanide netal, preferably a group 4
netal, preferably Ti, Zr ordff; and n is tgg yalence state of the nmetal M
preferably 2, 3, 4, or E Qiis an al kyl, /hal ogen, benzyl, am de,

carboxyl ate, carbamateR<thid| ate, hydry,de or al koxide group, or a bond to
an R group containing a o% whi ¢ maybe any of R toR5. [0102] A

het er oat om contai ning gro - be any hater oatF%m or a heteroatom bound to
carbon silica or another Pref €@red "het eroat onms i ncl ude boron,
alum num silicon, nitg¥gen, phos%{?f]orus, ansenj’c, tin, |ead,

R4 R1 R4

R2 R3

Formula (VIII)

wherein:

R! is hydrogen or a C4 to Cypo group, preferably a tertiary alkyl group, preferably a
Cs to Cy alkyl group, preferably a C; to Cyo tertiary alkyl group,
preferably a neutral Cy4 to Cygp group and may or may not also be bound to
M;

at Jeast one of R% to R’ is a group containing a heteroatom, the rest of R” to R’ are
independently hydrogen or a C; to Cygg group, preferably a C4 to Cy alkyl
group (preferably butyl, isobutyl, pentyl hexyl, heptyl, isohexyl, octyi,
isooctyl, decyl, nonyl, dodecyl } and any of R? to R® also may or may not
be bound to M;

O is oxygen;

M 1s 2 group 3 to group 10 fransition 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



anti nony, oxygen, selenium tellurium Particularly preferred heteroatons WO
2007/ 061596 35 PCT/ US2006/ 042847 include nitrogen, oxygen, phosphorus, and
sul fur. Even nore particularly preferred heteroatons include oxygen and
nitrogen. The heteroatomitself may be directly bound to the phenoxide ring
or it may be bound to another atom or atons that are bound to the phenoxide
ring. The e zaooet15 cont ai ni ng grouPT3 cont ai n one mIT/URGB/00B4+1 he sane
or different heteroatons. Preferred eroaton1 groups incl ude imnes,

am nes, oxides, phosphines, ethers, ketenes, oxoazolines heterocycllcs,
oxazol ines, thioethers, and the |iKke. Particularly preferred heteroatom

groups i ncl uﬂcﬂu@rﬂnﬁg@n,ﬁygen;msmwsu&gmwmomﬁmrma ring structure,
preferably a 5 or menbered ring. Likew se the R groups ﬁ?iﬁy f.orm

nul ti-ring mwdmcéesoatqmﬁleﬂedwsm%mtr%ﬁ& Thtdretsroaing Bsel B9 %ps do not
forma 5 ”%ﬁ%@fﬁ% d{BQ:heéEf& heﬁﬁgﬁé{)&%ﬁﬁéﬁo@uﬂd ﬁﬁhﬂ"ﬁ&hor@oiﬁ a bond to

any of R2 t and the group I's bo to 1s a heteroatom
cont ai ni ng ghabmbopﬁ)duo@eﬂmn@udawﬂmhemtom mtaimnggrammc)ed with the

catal ysts disclosed in EP..0 8 L& by reference
hor oi b 5. *AQUFRBRat Bem A ae: potBereehelatny ot RS ne” of 1 he

i nventi on Maoripd Glchide irBines, Bninds loRides; PHPIpENES fkBR)etenss, bi@lﬂﬁllﬂek on netal

catal ysts baseg on. bi dentate |igands cont ai_ni ng pyridi ne or quinoline

moi et i es, suERro3chcneXazaliaes Higsihers, and Shelike Raghrularikgrefesredos 657, which is

T o IR gl RIS, AGPORY o) (‘?ﬂ@%ﬁﬂ%%)%“%ﬂw% PR where Mis

conpounds are represe
a netal sel mwemfgﬂmﬂ}mﬁmwmemg dnkévatheR@mlpaQHY firpe series of

t he Peri odi %m%ll_ﬁ glseLmErlgelrIgﬁgles l%%danvli)onded %%éo(lg/le (wgagonocpforﬁl@ nonoval ent

bival ent, one or nore of X and
Y are heterhﬁémedmrgeferabl y both X and Y are heteroatons; Y is contained

ina heter ic rin r fro n- hydr ogen
atons, pr eﬁ@@tl y B2 gcf%dfgﬁggw gﬁg lb %ﬁt“&ys%c{]&ﬁ Bre z conpri ses
1 to 50 nonyhipdhAGER bahAS is ﬁaegr@art&gwmgimhg gﬁﬁpcar bon atons, preferably Z

is acyclic
[0104]  This invention may also be practiced with the catalysts disclosed in EP

-u.)

0 874 005 A1, which in incorporated by reference herein.
5. Additional Compounds

[0105] The catalyst compositions of the invention may inciude one or more
complexes known as transition metal catalysts based on bidentate ligands
containing pyridine or quinoline moieties, such as those described in U.S. Patent
No. 6,103,657, which is herein incorporated by reference.
f [0106]  In one embodiment, these catalyst compounds are represented by the
| formula:

(D)XAY)MQx : (IX)
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



group containing 3 to 50 atons, preferably 3 to 30 carbon atons; t is 0 or
1; when WD 2007/061596 PCT/ US2006/042847 36t is 1, Ais a bri dgl ng group
joined to at least one of X Y or J, preferably X and J; qgqis lor 2; nis
an integer froml to 4 depending on the oxidation state of M In one
enbodi ment, where X is oxygen or sulfur then Z is optional. In another
enbodi ment wontveT/@®1546i s ni t rogen or phosphorous then Z PETRISEEP2347| n an
enbodi ment, Z is preferably an aryl gyoup, nore preferably a substituted
aryl group. [0107] It is within the scope of this invention, in one
enbodi nent, the catal yst conpounds include conplexes of Nit' and Pd2
described in the articles Johnson, et al., "New Pd(I11)- and N (11)- Based
Cat al ysts fias 1 Bbisyamfdgmtg'rm joihecEtoI‘a]ll@stemeaﬁH \éeﬂ pfdfergbly XJandAm Chem Soc.

1995, 117, 6414-6415 and Jo t i zati f Ethyl ene and
Propyl ene vf;|]t‘3?1l %nBt‘? ﬂ’n‘&?eﬁ? ﬁ‘i’/ﬁ4 d%ﬂwgﬁﬁ 'Ioflﬁé%lﬂ@& Cat al ysts",

J. Am  Chemne S@fbodimkR) Gvherel &, is ?cﬁ?rgﬁﬁ& sulf@f thel\ %66;31%9510 Rugbitened August 1,
1996, WO 99/02472, U. S. Patent Nos. 5, 852, 145, 5,866,663 and 5, 880, 241,

whi ch are aybopimest, i I)S/lsi ﬁ@@gﬁbﬁétpé@ﬁpbf}musr 8icBrierie @TesTHes® #npl exes can

pe either dfofiflont 2% 2B oS Lt PrerdrBAC bl ABuligfiMGE s of the

descri bed e corrp exes t e act vate to a cationic state by
the activatgpowg. of this inventi on descri bed bel ow. [0108] O her catal yst

noor por at dNHl: o g EiLE Sne B FRoRonfL e da HPeeNCe o imn
based |i gangds eﬁnd@i&uﬁe%rhﬂml& o’ land P&t adsyiBedG@ iR QHIRIS J6ting&d, 0sed in PCT
publ i cati ons V\D 96/ 23010 and WO 97/48735 and G bson, at al., Chem Comm,

pp. 849- 85C° g9y Pdgily a’éﬁNm Bpserk Gatalysds for Rolymesaion af BAYIBRE r ef er ence.

[01101 O hefhgyssititleCAUR ¥hbm %ﬁﬁ?yﬂqqﬁdﬁmﬂﬁ&d%ﬂé@n 3t4nd 6 netal imdo
conpl exes descri bed in EP-A2-0 384 and U.S. Pat ent . 5,851, 945, which

is incor poﬂ@peumhmmpmob@thybm@m&@ylmnw@thcl‘umt@nahméiva‘;yll ocene catal ysts
i ncl ude [ Qu ound D. H.
McConvi | | e, Mg%%getrgﬁﬁa% ETQ rtr%l%‘? r‘?é@” %%fﬁg%iel?gg%gﬁé?zml ch is herein

i ncor por at eadhd WO 96&B@r0qmbhshedi Augokd il 1996, WOrdod3d 2, i .S.(Parentids. cat al yst
conpounds & e, 4GS Cl L Bed i 0 5,880,241, which are a1l herein fully incorporated by

reference. These complexes can be either dialkyl ether adducts, or alkylated

reaction products of the described dihalide complexes that can be activated to 2
cationic state by the activators of this im_fention described below.

[0108]  Other catalyst compounds include those nickel complexes described in
WO 99/50313, which is incorporated herein by reference.

[0109] Also included are those diimine based ligands of Group 8 to 10 metal
catalyst compounds disclosed in PCT publications WO 96/23010 and WO
97/48735 and Gibson, 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 8§16 384 and U.S. Patent No. 5,851,945, which is
incorporated herein by reference. In addition, metallocene catalysts include
bridged bis(arylarmido) 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(hydroxy aromatic nitrogen ligands) in U.S. Patent No.

5,852,146, which is incorporated herein by reference, Qther useful catalysts



WO 96/ 27439, which is herein incorporated by reference. O her useful
catalysts are described as bis(hydroxy aromatic nitrogen ligands) in U S
Pat ent No. 5,852,146, which is incorporated herein by reference. O her
useful catalysts WO 2007/ 061596 PCT/ US2006/ 042847 37 contai ning one or nore
G oup 15 atons include those described in WO 9S5/46651, which is herein

i ncor por atwd 2eneisss by reference. B. Supports, Carri er BCHUSPOWMEAT ques
[01111 In one enbodi nent, the catal yﬁz conposition of the invention includes
a support material or carrier, and preferably includes a supported
activator. For exanple, the catal yst conposition conponent, preferably the
activator conpound and/or the catalyst conmpound, is deposited on, contacted

W th, vapor ich@shing bdb or iRROdeshpt1S atofs indhedertRRE atLebst ih WO 98/4de31( bed or
absorbed in, or on, a support or _carrier. [01121 The support material is

any of the Wbishiheremmreopoiise bereipdydpierenee:  pPreferably the supported
material is a porous support material, for exanple, talc, inorganic oxides
and i norganBec chl oPunpess, Canirey angispgrqueprat eri al s i ncl ude resi nous support
materials such as pol ystyrene, finctionalized or crosslinked organic
supports, slidhllas poingsmpodimentiheicayplystisempenigonytheinemtign Beludes yneri c
conpounds, zeoglites, .c]ays..or _any.other .organi c or -i i C support
material and PP Plerqafel?gi, CLSPTIEh 2P ‘ﬁ?ﬁégmttnﬁe%ﬁélg?%%[sbﬁ%%fd %%%%?e ogr red support
mat eri al s aeaniphy tgaatalystonpesitidt@inponalt, pefetablysie: acivaozodipodhd 4, 5, 13 or

14 netal oxides. The preferred.s orts include sjlica, .whjch mayor nmay not
be dehydr at /ordhe fatphst pqngpoun |1iffﬁgﬁ%teévb°99%6§§§§zvam¥%’&i‘@ umi na and

m xtures t hggmed 1o, &t R rpatall With UG ESor dBQérHéiﬁn,r@QJﬁ,e&éL?port & tani a, _
zirconia, magnesiumchloride (U S. Patent No. 5,965,477), nontnorillonite

(Eur opean PedR#fit EP-B 10 511665), phyllosilicate, zeolites, talc, clays
(U.S. Patent No. 6,034,187) and the |ike. Al so, conbinations of these
support nat B s Faspopert materiplgs anyaf the convestipnat SURPRR SISEHS. si | i ca- al umi na,

b LRt Byl RIS B TR e U0 (hose
herein by mefgeniewsides Mdinorgmigp@doridesrediben sabport metenaleimmdoconposi t es as
gesCribeds! 1%51'1:1.% support materials such as polystyrene, functionalized or crosslinked

organic supports, such as polystyrene divinyl benzene polyolefins or polymeric

compounds, zeolites, clays, or any other organic or inorganic support material and

the like, or mixtures thereof.

[0113)  The preferred support materials are inorganic oxides that include those

Group 2, 3, 4, 5, 13 or 14 metal oxides. The preferred supports include silica,

which may or may not be dehydrated, fumed silica, alumina (WO 99/60033),

silica-alumina and mixtures thereof. Other useful supports include magnesia,

titania, zirconia, magnesium chloride (U.S. Patent No. 5,965,477,

montmorillonite (European Patent EP-B1 0 511 665), phyllosilicate, 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 99/50311,

which are all herein incorporated by reference.



WO 99/ 47598, aerogels as described in WD 99/48605, spherulites as described
in U S Patent No. 5,972,510 and polyneric beads as described in WO

99/ 50311, which are all herein incorporated by reference. WO 20071061596
PCT/ US2006/ 042847 38 [01141 It is preferred that the support nmaterial, nost
preferably an inorganic oxide, has a surface area in the range of from
about 10 t ovab@mabs1Z460 nR/ g, pore volune in the range opciuosambmyt 0.1 to
about 4.0 cc/g and average particle sjze in the range of fromabout 5 to
about 500 um More preferably, the surface area of the support material is
in the range of from about 50 to about 500 n/g, pore volune of from about
0.5 to about 3.5 cclg and average particle size of fromabout 10 to about
200 gm Most[0xu4ef erladsipyefirted tisat tfezapponirmatertd, mdseprefepgbdy 4n imafgemi¢ al is in the

range is fromabout 100 to about 400_.nP/ g, e yol from about 0.8 to

about 3.0 cé’f‘tﬁi%al??&a_ V&Cﬁﬁﬁab“a\%ﬂaé‘ﬁ%%g‘%@g?"&‘?%E’rﬁ%ﬁbt%ﬁ'@/%@oﬁbout 100 pm

The QVerag%oﬁﬁfeqn%ieq‘%nfg@fof kb ab8it0, Blo aB&utumechgrh‘x‘lﬁ@{fér%é patRicCdel y has pore

size in the range of from 10 to 100011, E/Ireferabli;bhe to about 500A, and
F

nost pr ef er dbthg ragepbirombsbeirt 536 abant SPums Morrgsetsrad swgacgefeal s may be
t ted chemgal | f i t f I i bed in WO
e e e

00/ 12565, whi erern er ence. supported
activators avhmeasfdioaddut 005 foabosdaial eand@yabgelRrdle sitd@tfronedtens t o

supported baron confai ni ng soli cid complex. 10116] In a.preferred

erbodi mant , IPUEEUEPT 5 Siost el B et o oL AR DB BB GO TM TS 610,

avai | abl e f rgab e froMAbBRNBD tPMbohBa0dhd/b ZRE Rhufe frétH GbAADISAY agent or as a
viscosity builder in the catal yst conponent slurrénndlscussed bel ow. Funed

silica is typPealQse/samdiavirege partidle pzeris fremabout Sttp aBoit 19bwBndbers in size that
has been tr ' ' Iyl ci chl or. oLty of the
surface hydfagiﬂg}%%Hr‘%%%ésj‘wﬁe%%Bgﬁ?eq’f‘%méﬁ‘&?ﬂg‘?ﬁ’g‘%@?%ﬁfh t%lﬂ%bg‘%uned silica
utilized hasféomaltitddDedls prderatily 5@ ssabbiei0ADmdonahsrefambéf &rtabl y | ess t han

20 m crons oL, lﬁr @grably | ess than 10 mcrons. 101171 In a preferred nethod
of form ng &8 8; ted catal yst conmposition conmponent, the anount of |iquid
in which thqomne i varhekupgortithR&RIN miyShd tfea®l chetBivdlly, for bRdmpiewitkas t han four

times the pof{u%rit\:l/é) (lzolljnr{)%m?(I astdrégcﬁ?nngo\;ito 0%%2%%%,%1{1011%{13‘&:‘111 incorporated by
reference. Other supported activators are described in for example WO 00/13792
that refefs to supported boron containing solid acid complex.
[0116]  In a preferred embodiment, fumed silica available under the trade
name Cabosil™ TS-610, available from Cabot Corporation is ufilized as a
nucleating agent or as a viscosity builder in the catalyst component slurry
discussed below. Fumed silica is typically a silica with particles 7 to 30
nanometers in size that has been treated with dimethylsilyldichloride such that a
majority of the surface hydroxyl groups are capped. In another embodiment the
fomed silica utilized has a particle size of less than 40microns, preferably less than
20 microns or preferably less than 10 microns.
[0117]  In a preferred method of forming a supported catalyst composition
component, the amount of liquid in which the activator js 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 altemative 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.



preferably | ess than three tines, even nore preferably | ess than two tines;
preferred ranges being froml.1 tines to 3.5 tinmes range and nost preferably
in the 1.2 to 3 tinmes range. In an alternative enbodi nent, the anmount of
liquid in which the activator is present is fromone to |l ess than one tines
the pore volune of the support material utilized in formng the supported
activat or. WwyRoeHR 1961596 PCT/ US2006/ 042847 39 101181 rerarseaderne2847f or
measuring the total pore volune of a porous support are well known in the
art, Details of one of these procedur is discussed in Volume 1,
Experimental Methods in Catal ytic Research (Academ c Press, 1968)
(specifically see pages 67-96). This preferred procedure involves the use of
a classicalipBa] apRatahids i Headtiihf 8285 @&o@&m&@faﬁmhgg pofakd10d wel |
known in the art is described in T'nns, Total Porosity and Particle Density
of Fluid Cawlllsmws iBthe @nqmetallsroﬁcmatofﬁme PerdedureBis disoussai IAfpdims i cal

Chem stry 332; C. Actv C tion Methods 101191
The pol yneri gf‘?e{izﬁ" ""‘P/?{Ef&"f*’ m‘rtar%ao]ffm(feseﬂffg Ar"a %ﬁ{eﬁé ﬁ%‘?’) ntion can be
activated i rispesificsilisscepyiges 6D9F). arlﬁhpwmﬁau;ﬁrdeedhmmfwveatheamaMa coor di nation

site that will coordinate, .insert, and polynerize olefi For the
pur poses of cifﬁflgfﬁ \RERTRH for RO 2T ahsprptieR- |*¥%‘t 'mqt@ddﬁl%i@%i“% be any

conpound V\h'tﬁé‘arpﬁ'ﬂeﬁﬁbé&/ﬁtlﬁesamal%?os@%aﬁd“ﬁarﬁ@lfei‘ieﬁﬁ& #enrppunds descri bed
herein by converting the neutral catalyst compound 'to a catalytically

active cat alfiﬂ;fﬁfy&éﬁa@r Biguiddivpasiondy olNGh Not B,rﬁnaiymlgaléﬁlenmwéﬁ%*ﬁ‘i or exanpl e,
i ncl ude al ur{%g@ gl um num al kyls, ionizing activators, which nay be
neutral or i‘onic, @and conventional -type cocatal ysts. 1. Auunpxanes [0120] In

one enbodi , umxan tiv are utilized as an activator in the
cat al yst cg%om ti M‘?ﬁ%@gﬁvgﬁ?qolgs ﬁxsuurmxanes are generally oligorneric
conpounds ¢ al.k [oup.

Exanpl es of qﬁ#@%xaﬁ@?ﬁ%ﬁg@nﬁﬁuﬁaﬁ% CQF@?R%%%H%"W%%%}“ mﬁ%]&l ¥I e

met hyl al unoxatiextddM&)ons mbyioqllammmVinnguémt eoudiataneite Al unobxanes

may be produce y the hydrolysis of the respective trial IaI um num
conpound. Wﬁﬁy‘ocﬁ ﬂﬁﬁd@ﬁgﬁte%ldw )FI}?@Z‘F]%FJE{FX/ ot thepurposes of

invention, the term “activator” is defined to be any compound which can activate

any one of the catalyst compounds described herein by converting the neutral
catalyst compound to a catalytically active catalyst cation compound. Non-
limiting activators, for example, include alumoxanes, aluminum alkyls, ionizing

activators, which may be neutral or ionic, and conventional-type cocatalysts.
1. Alumoxanes

[0120]  In one embodiment, alumoxanes activators are utilized as an activator
] : in the catalyst composition of the invention. Alumoxanes are generalty
oligomeric compounds containing ~A}{R)-0O- subunits, where R is an alkyl group.
Examples of alumoxanes include methylahumoxane (MAQ), modified
methylalumoxane (MMAOQ), 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 triisobutylaluminum.
MMAQ’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,



trimethyl al um num and a hi gher trial kylal um num such as triisobutylal um num
MVAO s are generally nore soluble in aliphatic solvents and nore stable
during storage. There are a variety of nethods for preparing al unoxane and
nodi fied al unpbxanes, non-limting exanples 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, wh 8279608, 4,908, 463, 4,968, 827, 5, 308, 815 PCE/US2H6/03547
5, 248, 801, 5, 235,081, 5,157,137, WD 2 @71061596 PCT/ US2006/ 042847 40
5,103,031, 5,391, 793, 5,391,529, 5,693,838, 5,731,253, 5,731,451, 5,744,656,
5,847,177, 5,854,166, 5,856,256 and 5, 939, 346 and European publications
EP-A- 0 561 476, BP-B1-0 279 586, EP-A-0O 594-218 and EP-BI-0 586 665, and
PCT  publ i cas,igss1)Y¥39479804.801, 509015 063 0¥ 3558753, 8171091, Blugbsgre herein fully
i ncor por at ed g& reference. Anot her al unpoxane is a nodified nethyl al unbxane
$

(MVRO) cocatab4ist77; Jped Bk, .8 3hdadrand 81989 34& and Biwensay publicatiors EBHeni cal s, | nc.
under the tr MacH 44 Ry U 1 C under patent
nunber US 5%%% ‘QS’Z?P %gjlizjfﬁg%l\ﬂaimﬁnduﬁélmﬁﬁgr Bgrg(g%%aﬁlshﬂll\aﬁﬁcﬁ]dconpounds

whi ch nmaybe publitdtione® h34/HEB8D wad iG99/ hidBd,cdt of mihimbtabe hesdin fiillyum

triethylal un nu i sobutylal um num  tri-n-hexyl al.ununu

tri-n-octyl Dt dreret b i etmeey ARt @“%%ﬂ?%iaﬁ&%@%‘i%?%?@m%ﬁz] It is
within the spaEa0ykodabilyst iypy SAlEdindreialis Kaniblé H6tn 2ikag Chémicsk dnehi omet ric
activator, neutral or ionic, such as tri (n-butyl) ampniumtetrakis

(pent af | uor oENEHYT radsgrapis Mogified; Mﬁhﬂﬂ’l‘lﬁ’@i‘@ﬁw’ BoveEs Wederanatest d precur sor

or a trispehfldPri8RaRAtkyly boron nmetalloid precursor, polyhal ogenated
het er oborane  ani ons’ (V\% 9)8/ 43983), boric acid (U S. Patent No. 5,942, 459)

or conbi nat i @&21]t heAbofivun Alkydorirgaoalumirium ¢dngpogudspréridfl mashipes i nvention to

use neutral Qgr..ionic. activators alone or ip. co nation wth al unoxane or
nodi fi ed al ulﬁ%l)%gcgg U r@ﬁcgjpgw&yi%fmﬁug’n&eg‘gﬂ% 1 %mu’t ral stoichiometric
activat or s i taidsobrtglalufriimBn) bs-hniHekyieminmed, @fin-desidlnhintmandtheikaum gal |'i um and
i ndiumor mxtures thereof. The three substituent groups are each

i ndependent |} sel eclogidingraviivatbisyl s, al kenyls, hal ogen, substituted al kyl s,
aryls, aryihalides, alkoxy and halides. Preferably, the three

[0122] It is within the scope of this invention to use an ionizing or

stoichiometric activator, neutral or ionic, such as tri (n-butyl} ammonium tetrakis
(pentafluorophenyl) boron, a trisperfluorophenyl boron metalloid precursor or a
trisperflucronaphtyl boron metalloid precursor, polyhalogenated heteroborane
anions {WO 98/43983), boric acid (U.S. Patent No. 5,942,459) or combination
thereof. It is also within the scope of this invention to use neutrai or tonic
activators alone or in combination with alumoxane or modified alumoxane
activators.

[0123] Examples of neutral stoichiometric activators include tri-substituted
boron, tellurium, aluminum, gallivum 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 greups 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



groups are independently selected from hal ogen, nono or nulticyclic

(i ncluding halosubstituted) aryls, alkyls, and al kenyl conpounds and

m xtures thereof, preferred are alkenyl groups having | to 20 carbon atons,
al kyl groups having I to 20 carbon atons, al koxy groups having 1 to 20
carbon atons and aryl groups having 3 to 20 carbon atons (including

substi t ut edvaroph/sgisoshor e pref er abl y, %lhe t hree groups mrTsabldephzsihavi ng |
to 4 carbon groups, phenyl, napthyl of" m xtures thereof. Even nore
preferably, the three groups are hal ogenated, preferably WD 20071061596 41
PCT/ US2006/ 042847 fluorinated, aryl groups. Mst preferably, the neutral

gt oi chi omet rGriaskd WAl Rfoub$ Mbst 'gfa@@mg,wﬂnawchmﬁm fivator is
trisperfluoronapthyl boron. [0124] "Substituted alkyl" refers to an alkyl as
descri bed i ririggeriitoraphenyd botep petrispsyHuasepenthal oaven.of the al kyl is repl aced by

anot her gro ch . n I i1 Wt : C, | kyl ,

substi t ut edﬁ%%ﬁoal @P&ngﬁ%ﬁg@nﬁf%éh agnaéﬁ?ﬁiéegéﬁﬁegﬂk\g%ﬁ%%es&o 0(?gubst ituted
al kyl s i ncl updrogh®stomx afhk alkylie repldced by drbthepgrompesuely bs ahdogenhayl i ke. [ 0125]
lonic stoichionetric activator caonpounds y contain.an active proton, or
some ot her é&?ﬁ“&ﬁe‘%ﬁﬁEmagﬁgﬂqsﬁwt@&ycﬁﬁgﬁc%% H’Lafé‘&f‘sttg“',m"ér only |oosely

coordi nat ed gampldd@r sudsih Byl HEhik, &P&ah@w, Bri2gl, fnBRMRehyl SCh conpounds

and the |like are described in” European publications EP—A—0y570 982, EP-A-0
520 732, EP-thebke495 375, BP-131-0 500 944, EP-A-0 277 003 and EP-A- 0 277

005,222,V Souf Shelhiaed A Tt SR 00107,
08/ 285, 380, frotrdrAageistherdatidroBdociandd widf, buthiot tooadiratétoeorontyul |y 1 ncor por at ed
auti vat or o TaElGEoRnalal s FF BRATR O COHBEEHPo g ity be rep
; y be represented

by the foll| Qtipeurddsafding like it dk&ﬁﬁédﬁﬂhéog):an PBREoRs ER- A6 SRVgeUt ral Lew s
base; His hydrogen; (L-M-is a Bronsted acid Aa' is a non-coordinating
ani on havi ngt-pd 3§ eERtA-0 495 375, EP-B1-0 500 944, EP-A-0 277 003 and EP-A-

0 277 004, and U.S. Patent Nos. 5,153,157, 5,198,401, 5,066,741, 5,206,197,

5,241,025, 5,384,299 and 5,502,124 and U.S. Patent Application Serial No.

08/285,380, filed August 3, 1994, all of which are herein fully incorporated by

reference.

[0126] In a preferred embodiment, the stoichiometric activators include a

cation and an anion component, and may be represented by the following formula:

L-H)"«(A") - ®

wherein:

L is an neutral Lewis base;

H 1s 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)," 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 2 Bronsted acid, capable of

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



dis an integer froml to 3. [0127] The cation conponent, (L-H)d+ may

I ncl ude Bronsted acids such as protons or protonated Lewi s bases or

reduci bl e Catal ysts capabl e of protonating or abstracting a noiety, such as
an akyl or aryl, fromthe bulky |ligand netall ocene or Goup 15 contai ning
transition netal catalyst precursor, resulting in a cationic transition
met al speciVe@ 200004138 The activating cation (L-H)a+ nmayP@O@URIBO644T ed aci d,
capable of donating a proton to the %gansi tion nmetal catalytic precursor
resulting in a WO 2007/ 061596 PCT/ US2006/ 042847 42 transition netal cation,
I ncl udi ng amoni uns, oxoni uns, phosphoni uns, silyliunms and m xtures

t hereof, preferably anunoni uns of nethylam ne, aniline, dinethylam ne,

di et hyl am netrarl\shtmatxﬂwydlaﬁndni mel,udiﬂ'gpinmoyjluam' dxemutﬂsj ptms;ihphmmsne

triethylam ne, N, N-dj neth nI th ne di ne, p-brono
N, N di et hy|sa4¥|1 4!5%%% eikphPis %J%H %’m%ﬁ‘g WBH%HI  from

triethyl phos&l'iﬁeﬂﬁzlanhﬁé latbﬁma!nﬂﬁ@wﬁbm?lamﬁﬂéid @:ﬂ@ﬁﬁh@hﬂ&@dﬂﬂﬁﬁmcoxom uns from
et hers such as dinet hmet her diethyl ethér, tet rahydr of uran and di oxane,

sul f oni uns f isthyiamioe Tdynetbxl@mh%maﬂleddwlm Hhigetmyadine gbromo

t et rahydr ot hj t L-Hd
al 0 be. an abeTRa AR Bl AR R SR P aaGhbkE: Bnce |00 i T
car beni uns, ﬁ'ethyﬁﬂesphmhﬁ;dphbmm&md dmhetiﬁplmls;biyn&; axdgmmnuien and

ferroceni uns.  Most J‘era d~ is eny ar bon| um [0129] The
ani on corrpon%th?rsﬂﬂfh Zg%f’%h%t@d ﬁedmf’%ggﬁf‘ ﬁ‘é FM>' Q' ]d- wherein k
is an int egegulfohmﬂashowth?oemarsl Such8s dl&hggﬁibetﬁé@ muﬁteﬁahyﬂrotmbphcna Mis an

el ement sel ected from Gou&bli?» of the Periodic Table of the El enents,

preferably #ubsptses thereeh fhRpctiyadnegation QLngp@%Hé]ﬁ? by analisartinge. bri dged or
unbridged dig ;Wéu@ﬂﬁﬂlweﬁ@érb&ﬁm@%ﬁ’%iuﬂ?caxﬁéﬂﬁ:ﬁ%'fé?ﬁ)ccrﬂﬁﬁ% agar byl ,

substituted hydrocar byt hal ocar Byl™~ substituted hal ocarb |, and
hal osubst i tum@dmhy@rﬁvablbywbﬂmMEmd&pﬂ@anmms QMeanirefgrably L-dD20s car bon at ons

with the pro not nmore than. I occurrence is Q a halide.
Preferably, H&%ﬁ"}é}@%&’m 1 uori nat ed hydr ocar byl group havi ng 1 to 20 carbon

atons, nore [Medjer amhg/ataacdmn@onmta& Tihelades takebbvatgthe froule [M @it nost
pref erabl y eagh O B RS BLL YO ¥l 20 LB SRR 55 1l SU1 DI e Ad

element selected from Group 13 of the Periodic Table of the Elements, preferably

boron or aluminum, and Q is independently a hydride, bridged or unbridged
dialkylamido, halide, alkoxide, aryloxide, hydrocarbyl, substituted hydrocarbyl,
halocarbyl, substituted halocarbyl, and halosubstituted-hydrocarbyl radicals, said
Q having up to 20 carbon atoms with the proviso that in not more than 1
occurrence is  a halide. Preferably, each Q is a fluorinated hydrocarbyl group
having 1 to 20 carbon atoms, more preferably each Q is a fluorinated aryl group,
and most preferably each Q is a pentaffuoryl 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)q**(A") is
N,N-dimethylanilinium tetra(perfluorophenyhborate or triphenylcarbenium
tetra(perflzorophenyl)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 1J.S.
Patent No. 5,387,568, which are all herein incorporated by reference.



al so include di boron conpounds as disclosed in U S. Pat. No. 5,447, 895,
which is fully incorporated herein by reference. [01301 Most preferably,
the ionic stoichionmetric activator (L-Hd{(Ad) is N, N-dinethylanilinium
tetra(perfluorophenyl)borate or triphenyl carbeni um
tetra(pertluorophenyl)borate. [0131] In one enbodi nent, an activation nethod
usi ng i oni AvgQoo7elses conpounds not contai ni ng an act i vVRCHER0@484T capabl e
of producing a bulky Iigand netallocg e catal yst cation and their

non- coordi nati ng anion are also cont | ated, and are described in EP-A- O
426 637, EP-A- 0 573 403 and U. S. Patent No. 5,387,568, which are al

herein incorporated by reference. WD 20071061596 PCT/ US2006/ 042547 43 3.
Addi tional Agtivat opgdilioBAktivkdrer activators include those described in PCT
publication WO 98/07515 such as tris (2, 2', 2"- nonafl uorobi phenyl)

fluoroal um ggim Whpgler addivRbis GRIddRhdsS abddtibed ih BCOHRBALGIWer ei n by
ref erence. nbi'nations of activators are also contenplated by the

i nvention, f¥0tamhas tris (2% R senadlnerobiphenyl)forogtuminge, sthichi n conbi nat i ons,

see for exa -1 i I . . 8 and WO

95/ 14044 an%ﬁ%‘?“%géﬁ ég@%%ﬁm@%ﬁ%%@géﬁi&cgWﬁﬁu@}@%ﬁ%ﬁé@&mi ch are

herei n ful | yare aleo cqanemyiisted by the afvernttme for edfipdd Alu@loRfres and foafzlng acti vators are
di scl osed in WD 98/,09996, .incorporated i n_hy ence,. whi ch descri bes
activating DAFfESIOTS IR SHEPIRATOLS, F??cfgﬁ@‘aﬁ_’ﬂeagﬁéat O%ﬁr}ﬁ@r@éﬂ%ﬁf %B&rchl orates,
peri odat es awd) 9H6ALEand W 95114084 LAEUTS. DXt RSs, 15387984 §369)21(and WO

98/ 30603, incorporated by reference, describe the use of Iithium

(2, 2' - bi sphesilafvdiiel arerherpipifally inecaparyted yyreferencan activator for a bul ky

| i gand net al ne ! k i egd herein by
ref erence, dﬂgg%gi beg’ﬁ.{eﬁéemﬁ%élgg%@%gg]%%glﬁgsr%g ﬁﬁgﬁ%ﬁ%/%étﬁg’g%%%.gr s. EP-B1-0
781 299 desinréibby rafeemg, whish {destiihesastatating ullgoligand actaliocent t4taiyst

non- coordi natin onpatible anion.. Al so,. net hods,.of ,actiyation such as
usi ng radi atWW%@%@%ﬂ%quﬁe%E?% s ppet-iggiafes; T %%?‘5?%%&%3?% ef erence),

el ect r o- chenwged /50608 akd WD 983003 tikeworpdrited By Rfcade, deaibe et el as
activating nethods for the purposes of rendering .the neutral bulky |igand

met al | ocene &gy @k -visghenshdigimsthylsilicatg) s OHR 45 an aptiyagoy for a bulky
ligand metallocene catalyst compound. WO 99/18135, incorporated herein by

[}

reference, describes the use of organo-boron-aluminum acitivators. EP-B1-0 781
299 describes using a silylium salt in combination with a non-coordinating
compatible anion. Also, methods of activation such as using radiation {see EP-
B1-0 615 981 herein incorporated by reference), electro-chemical oxidation, and
the like are also contemplated as activating methods for the purposes of rendering
the neutral bulky ligand metallocene catalyst compound or precursor to a bulky
ligand metallocene cation capable of polymerizing olefins. Other activators or
methods for activating a bulky ligand metallocene catalyst compound are
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(iris(pentafluorophenyl)borane) benzimidazolide), which are herein
meorporaied 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*")¢ (A%, ~wherein: OX" is a cationic oxidizing agent having a
charge of e+; eis an integer from 1 to 3; and A, and d are as previously defined.

Examples of cationic oxidizing agents include: ferrocenium, hydrocarbyl-



| i gand netal | ocene cation capable of polynerizing olefins. Oher activators
or nethods for activating a bulky ligand netall ocene catal yst conpound are
described in for exanple, U S. Patent Nos. 5,849, 852, 5,859, 653 and
5,869,723 and WO 98/ 32775, WO 99/ 42467 (di octadecyl met hyl ammoni um

bi s(tris(pentafl uorophenyl)borane) benzi m dazolide), which are herein

i ncor por at e‘él06907f06¥5&6r ence. 101341 Another suitable i on POHSXNEH04264T i vati ng
cocatal yst conprises a salt of a catjsonic oxidizing agent and a

noncoor di nati ng, conpatible anion represented by the fornula: (OX")d
(Ad-),, wherein: OX is a cationic oxidizing agent having a charge of a+; a
is an integer fromlto 3; and A-, and d are as previously defined. Exanples
of cati oni c subetictiei fagocagient Agl, or PhitiePrefered embaidlmmts ofylirmdasbyl WO

20071061596 PCT/ US200 847.. 44 s ut ed fe enl u or Pb+2.
Preferred efBous PFEﬂ?%S?%'??ZBdW P&SP%EE‘Z%G% i"%ﬁ%a 36‘3% %@gfsned with
respect to %%lﬁﬁyﬂﬁﬂggpﬁﬁéﬁoﬁ%ﬁéﬂ)ﬁb@g activators, especially

tetral ds(pentafl uor ophenyl ) borate.” [0135] It within the scope of this
i nvention t {@k35tat At wighin terpangred Sriviavenben thebertalysb eorepandy cafBe e acti vators or

et vators AEVEPREaRTREeLOREYARR Ry sfion AR EroreE 8 Wi °0 0 s 453, a0,

Eur opean pulekdnyslé,iacombiafbonlél abldtd-2ikve hagh detCribed il ScBiterd os. WO 94/ 07928 and

oni 2i ng acPiaAaST i LAY DR EyPer e PhSRa 20 ALY canpound. 4.

Support ed A%hblib@ﬁ&fs&ﬁf@@l»@ﬁhd\@ﬁwm@mﬂwChﬁ@etdo\é&h&{@alﬁdlﬁzugﬁﬁ@rl bed in
various patents and publications which include; U S. Patent No. 5,728,855

directed tousthel mék%%@@ndguwwnwwg@mb@%hwﬂm%%ﬁane f ormed by
trieating a " MRl inum wth carbon dioxide prior to hydrolysis; U S
Pat ent No. EE%%%%%]gl)and 5,777,143 discusses a supported nethyl al unoxane
made using g non-hyd fn@%& Prgeess;  U.S. Patent No. 5,731,451 relates to a
process for makl ng a uppor é al unoxane by oxygenation with a
trialkylsil Eﬁ% | ety Qaq%oné’@% to%ﬁ%re ?eaéﬁ:‘éd%??arggég SiEsmd formng a
supported auXiltary cC e, unoxane or ano on conpound) at

publications which include: U.S. Patent No. 5,728, 855 directed to the forming a

supported oligomeric alkylaluminoxane formed by treating a trialkylaluminum
with carbon dioxide priar to hydrolysis; U.S. Patent No. 5,831,109 and 5,777,143
discusses a supported methylalumoxane made using a non-hydrolytic process;
U.S. Patent No. 5,731,451 relates to a process for making a supported alumoxane
by oxygenation with a trialkylsiloxy moiety; U.S. Patent No. 5,856,255 discusses
forming a supported auxiliary catalyst (alamoxane or organoboron comnpound) at
elevated temperatures and pressures; U.S. Patent No. 5,739,368 discusses a
process of heat treating alumoxane and placing it on a support; EP-A-~0 545 152
relates to addhzg 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 metatlocene 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 aiumoxane; 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 metatlocene to a supported
activator; U.S. Patent No. 5,902,766 relates to a supported activator having a



el evated tenperatures and pressures; U S. Patent No. 5,739,368 discusses a
process of heat treating alunbxane and placing it on a support; EP-A-0 545
152 relates to adding a netall ocene to a supported al unoxane and addi ng
nore methyl al unoxane; U. S. Patent Nos. 5,756,416 and 6, 028, 151 di scuss a
catal yst conposition of a alunpoxane inpregnated support and a netal |l ocene
and a bul kywo at0afié1aem al kyl and net hyl al unoxane; EP- B1-RETAGR005/P8R8Hi scusses
the use of a netallocene with a cat af@st support of silica reacted with
al unoxane; PCT WO 96/16092 relates to a heated support treated with

al unoxane and washing to renove unfixed al unoxane; U S. Patent Nos.
4,912,075, 4g33fiedBidtrib®idAQ? albdBxanconBSsifedPahicld; 1) 34Raterd N7 1, 705, 5, 229, 478,
4,935,397, 4,937,217 and 5,057,475, and PCT WD 94/26793 al| directed to
addi ng a net 6% Talaten topgmgRruprasied agttveloy andpdding agnetplpedist UNo. 5, 902, 766

peT] Ls2006/ CHIR T o AN TERLc AR PR R AReeE i diesg, | o

parti.cl es; UnSallRRahe P ONE7 430 46 SelZBLtoragiradessusing aanetalipcanesmppor t ed acti vat or

and adding a_netallocene; U S at ent .. 5, 4 di scusses treating a
solid with aﬁ%ﬁ@%&,{g&%‘lﬁmpwg 13%%?%@%?& OI%P%O&%WSG%O Al rel ates
0 a processthyasdef a&ndmloaéﬂe%@ﬂaﬁ?an;&l acEURROEPSTD-gretdhusvatikedwane and
trimethylal um num EP 0 969 019 di scusses the use of a netall ocene and a

support ed ackqlyaerszationgpogss wingamesipcers sl d9rgano-AMEBIREMPIEd on process
using a netaj, Q5820 0 Ak AW Y GBnds fornmed by
reacting al umhl%{i%r}tﬁl;ﬂ?égh@? émg?ﬂ a m%&&%l%lﬁﬁﬁﬁﬁgﬁ%@rt?p r% S. Patent No.
5,212, 232 di §SuBstert Noh 8,212,823 20discassssithp asd &fch sappomest alwmonard 2ad anet al | ocene for
produci ng styrene ed |- rs: .U t ent 5.02 Hondi SCUSSES a
pdl yneri zat i %ﬁwg?cggegé’gprﬁgﬁ%r’%ﬁnsgwg%q ?aﬁe%cpé’ﬁﬁgeﬁsérﬁ'%ategt g?’%é%%f?g?n conmpound and
a wat er - i nsodisduk®s peslgmsrization HRose using A solidroemponanast d arcbmimat ed Wit h

al unoxane; U.S. Patent No. .5, , 463 rel ates to a process fo eparing a
Catalyet . SRRSOt HMACLE AR AR SUF DR REUrd WHA ol unoyane
and a pol yf umGbimeal.s FaamiNG. 50 03Iakes o a%r&e?@fo?ﬂ%p&ﬁ?-ac@bafy@t?, 706,
5,473,025, 5,602,067 and 5, 420, 220 di scusses a process for maki ng a

suppor t ed ac&@p@iwoomhm&aﬂﬂwv&d@m@o&mﬁm%@m axgraAién is |ess than the
pore vol ume éﬁlﬁﬁ:ﬁ@ionﬁ!é AT terd TRk HREL @J.S.P%t%ﬁlsf)@?ﬁ?m@' &M5pQs silica treated
onh contain a

with a sol ut ng a source of alumnum and’a netallocene; WO
99/ 03580 r el ab6@%x067amd ha2Y220 difcusses a process for making a supported activator

where the volume of alumoxane solution is less than the pore volume of the

support material, WO 98/02246 discusses silica treated with a solution containing
a source of aluminum and a metallocene; WO 99/03580 relates to the use of a
supported alumoxane and a metallocene; EP-A1-0 953 581 discloses a
| heterogeneous catalytic system of a supported alumoxane and a metallocene; U.S.
Patent No. 5,015,749 discusses a process for preparing a polyhydrocarbﬂ-
alumoxane using a porous organic or inorganic imbiber material; U.S. Patent Nos.
5,446,001 and 5,534,474 relates to a process for preparing one or more
alkylaluminoxanes immobilized on a solid, particulate inert sapport; 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

supportt followed by the adsorption of a metallocene; Junting Xu, et al.



supported al unoxane and a netal |l ocene; EP-Al1-0 953 581 discl oses a

het er ogeneous catal ytic system of a supported al unoxane and a netal | ocene;

U S. Patent No. 5,015,749 discusses a process for preparing a

pol yhydr ocar byl - al unbxane using a porous organi c or inorganic inbiber
material; U S. Patent Nos. 5,446,001 and 5,534,474 relates to a process for
prepari ng ®@e2007/04t886e al kyl al um noxanes i nmobi |l i zed oS M@428Hart i cul ate
inert support; and EP-Al1-0 819 706 retates to a process for preparing a
solid silica treated with alunoxane. Also, the following articles, also
fully incorporated herein by reference for purposes of disclosing useful

supported activators and nethods for their preparation, jnclude: W
Kam nsky, et q}a?%"tmpﬁ“ﬁ‘r?éisf’?ﬁ‘f‘iR?WPB‘TPY%PW?H@'S@\/WF@“@?BMW{@EﬂHal f - Sandwi ch
Conpl exes, " dgeaircofunb@bhiome sgﬁid?t@ﬁgn m¥iylalitifinox 289 BRiréd&iltch99) descri bes

a process of adsorbing a net hg/l unoxane to a support followed by the
adsor pti on ofurapeastRdbingr dorenal)3EIPR) 1X80-1284, discussa®iz0ey pEB896

PCT/ US2006/ 0 7 .46 racterizati I .6.-pol ynr opyl ene prepared

with di met hyééa?‘?%y‘fﬂbol?’stf‘%ﬁf“ﬁ?}é‘%ﬁ‘f%“F%@H%‘Fﬂ SRR Bt elil ort ed on

rln;\t8 gyllglgzm' g‘mcam W&Fﬁﬁheﬁrﬂh&ﬁ?ﬁ@dmfﬁtﬁm t tgl;@pi?ym‘pdrﬁtﬁ@?ﬁlhal , 35 (1939)
- , discusses the u ,Silic rea al unoxane and a

met al | o_cene_;mgﬁoéﬁ‘l?@ﬁmb’aﬁl}d%w{»epkﬁl’:éommwﬁ%‘é% @gﬁ dﬁ%/k’gséﬁi ral al kene

pol ymer i zat | flinOakah ¥finokAEALRIAGHEE h&obdibus MRECRAFOBGIR! dtiaLat € MM 41,

Chem Comun., 1905-1906 (1997) discloses an imobilized al unoxane on a

modi fi ed mesdperydens Polymesization frourhBamperted Metalideene/MAR Gaiglysitie Pol yrreri zat i on
t hrough Sup > ! . I : I i b symand

Vodel ng. ~ oA Abal BRI iR o By G VL BYRRE", Ccsses
usi ng a mnet hflpas)uiroxaecusingEposthdausbkdne auppottid dlicetid] 4 meteleene. Any of t he

met hods di scyssed.in these references are useful r producing the

suppor t ed aC%{PXIgEtB? n’f@'ﬁg%‘ﬁ%’ﬁfsegfq ?Sféﬁt‘ea’ieﬂceﬁﬁ@%%&lg%/g@d’éc%gp%gi tion of the

i nvention anﬂlﬁ@b&edﬁbﬁvdtd’t%weﬁiLﬁiﬁz&?ﬁﬁhdkatb)lyst@Jn(ﬂio@ﬁi@ﬂofﬂ19137l I'n anot her
enbodi nent, the supported, activator, such as supported alunoxane, is aged

for a peri odmiﬂ?m]lopﬁﬁdﬂ}i'rﬁinc?’@@%hﬁ@fﬁfébﬁefme-reference please refer to
U'S. Patent (g7} 5. 68otPeriinRnB o Abdorel AERRRT ALES G5B by T ef erence.

alumoxane, is aged for a period of time prior to use herein. For reference please
refer to U.S. Patent Nos. 5,468,702 and 5,602,217, incorporated herein by

reference.

[0138]  In an embodiment, the supported activator is in a dried state or a solid.
In another embodiment, the supported activator is in a substantially dry state or a
slurry, preferably in a mineral oil slurry.

{0139]  In another embodiment, two or more separately supported activators
are used, or alternatively, two or more different activators on a single support are
used.

[0140]) In énother embodiment, the support material, preferably partially or
totally dehydrated support material, preferably 200°C to 600°C dehydrated silica,
is then contacted with an organcaluminum 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



[0138] In an enbodi nent, the supported activator is in a dried state or a
solid. [In another enbodi nent, the supported activator is in a substantially
dry state or a slurry, preferably in a mneral oil slurry. 101391 In

anot her enbodi nent, two or nore separately supported activators are used,
or alternatively, two or nore different activators on a single support are
used. [0140yo0bw7asistsher enbodi nent, the support materi aPCT/PR20G6842361 v
partially or totally dehydrated suppert material, preferably 200C to 6001C
dehydrated silica, 1is then contacted with an organoal um nuni or al unoxane
compound. Preferably in an enbodi nent where an organoal um num conpound is
used, the activator is formed in situ on and in the support nmaterial as a
result of tIm&thodaﬁbbnﬂmgrb,asﬁmmnoemasrpmscmlvddlitneﬂwddﬂm‘rbiedmmhwnd wat er. [0141]

I n anot her Wi.S hase-.cont ai n| orts are reacted wth a
catal yst ac d%ﬁ"éﬁﬂ%?ﬁﬂ%@ﬁﬁ%‘?ﬂﬂ%&%%ﬁé %Feg?ﬁ? conmpound. The Lew s
base hydrOX};bM@HOUQﬁh&farz%b&hﬁﬁts%fﬁlgﬁé&ﬁﬂ@w&ﬁvﬁﬁrﬁ@ﬂédcﬁﬁ@hﬁb‘@' d oxides where
this WO 20071061596 PCT/ US2006/ 042847 47 nethod of bonding to a support

occurs. Thi SaenhieliSHERO91 . whseswuppdsied npmcagrdinatinpapions degyed §oma7, 173, which is
her ei n i ncor eSUpporting an
acti vat or agx@éﬁé@%@%@%afﬁr EJ Eﬁgscgié ?5] K@Eﬂﬁzlg%g’glimvﬁ?egfmsupported

non- coor di na@acmg:ta’rﬁrom;sl?d@mlysecbmpomdswmhmpxakd)dldaslsuqhmwdcaﬁrdron are

descri bed,; ent No. 847 di cuSS react on of Goup 13
catal yst co %Hﬁﬁ%ﬁl&ﬁaﬁn‘?’?&f% frahedy; “”Z?Fl?aélﬁl %hFI ustrates the
reaction of j ?/ﬂlbﬂﬁ%ﬁdubklﬁfQﬁﬁbﬁ}\ﬁébulﬁﬁg’lﬁihotmdtdm@hbé}ﬁﬁieu@pm&tlﬁgt he hydroxyl
groups of silicon) resulting in bound ani ons capabl e of protonating

transition verdiorgpgahmssasonrialle W&IW@%@%@%@*@W?W@W& alytically
acti ve  cat o o Sh1shak 3 aRFhoiia kswDRMAGh ARl QRS IMTBRhkzed G oup ILI A

Catal yst catalysts suitable for carbocationic pol yrrerl zat1 ohs are descri bed
in US. Pat @ﬂtﬂl}’StN&maEleZ@B:aﬁiwatloawwolwmsat@nwe @hscehw wdiP.Paroty. Sci.: Pt A

Egl );Crresrgg]t i on u§ %79/% %gm Cj‘ﬁogmfg umxaﬁ%ldmcfpr eact %39 GYCH silica (S Q)
and net al | o@eNEs3 aMD? (dmo,rdebmb&athealeﬁh pmltymbﬂmhbngnmﬁz of he al um num atomto
the silica t 4l OTa?umoxane (MAO) reacted with silica (Si0;)} and metallocenes and

describes a covalent bonding of the aluminum atom to the silica through an

oxygen atom in the surface hydroxyl groups of the silica.

{0143]  In a preferred embodiment, a supported activator is formed by

preparing in an agitated, and temperature and pressure controlled vessel a solution

of the activator and a suitable solvent, then adding the support materjal at

temperatures from 0°C to 100°C, contacting the support with the activator

solution for up to 24 hours, then using a combination of heat and pressure 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 1s 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.



oxygen atomin the surface hydroxyl groups of the silica. [0143] In a
preferred enbodi nent, a supported activator is formed by preparing in an
agitated, and tenperature and pressure controlled vessel a solution of the
activator and a suitable solvent, then adding the support material at
tenperatures fromOC to 100C, contactlng the support with the activator

sol ution f &v0 2097/4065%4 hours, then using a conbination JCTHEA0AHE or essure
to renove the solvent to produce a figee flowi ng powder. Tenperatures can
range from40 to 120C and pressures from5 psia to 20 psia (34.5to
138kPa). An inert gas sweep can also be used in assist in renoving sol vent.
Alternate orders of addition, such as slurrying the support material in an
appr opri at eDsol venEoaatedysts addi ng the activator, can be used. [0144] In

anot her enbodi nent a support is conbined with one or nore activators and is
spray dri ed0145]f or Geataystsphet catbeastd segowling to fisinpendipr inclnde orgsodi nent, f uned
silicais conbined.with xane and then spray drledtofrom
suppor t ed r@?lﬁff’cagq" %enpeéh’gﬁgﬁgﬁ?@ ‘a support is conbined with

al umoxanc, spray dried and then mPMtad R’ ,m neral oil to forma slurry
useful in the insfant invention. WO 2007/061596 PCT/U82006/04 847 48 D.
Cocat al yst svageRs{ eacuetal @%’?&r’?‘l‘ihi tQ dringd2 de dd ohthedregptig Tebleti s i nventi on
i ncl ude oneppfenoNe 1&?91?&&'&%%5 Wﬁﬁ@p&%mcbraﬁw@f E&H@adsav i{MBMA X1 R3b
wherein MB Ts a metal fromG Ito 3 and the Periodic Tabl e of
El enent's; Mhniker &omel tall; edchOF ouplylhabfgem,rretsp)@mmb@nfmﬂaméeaqih Brents; vis a
nunber fro Y. | r f om0 to 3 each
R3is a mr;ang]vog ai‘ tﬁ%‘ﬁ%‘%%?b%%g@é’afﬂg eﬂ bhlgérrg]f;ngjﬁpﬂﬁmﬁs a‘i nilijmnber froml to
4; and \Ahewmrémb niihiuSis @t Jesst &L Oklﬁﬁ&tnvbntm@alhgpe crgmoartalanatatilyge

origanonetal lic co S ounds. for .t he above, conventi onal -type
t rgn5| tion ?P&Pgm%a{oﬁlﬂ%}s?@vﬁ% Ve{’%@“‘%@? Epsitiq st C%ﬁ th aypGr oup | A
I TA, JI B or fodrhlik MABRE2kvheeWahis@SGiokp MA UMK, HBQGIIHHIm@ﬂrQﬁhhlablm}umrl um boron,

al um num zinc, cadmum _ and gallium k equals 1, 2 or 3 dependi ng upon the
val ency of Ehiterlijemehipm, horan: rlweipweay pipc, cadmium, and gallium; k

equals 1, 2 or 3 depending upon the valency of M° which valency in turn normatly

depends upon the particular Group to which M belongs; and each R’ may be any
monovalent hydrocarbon radical.

[0146]  Non-limiting examples of conventional-type organometallic cocatalyst
compounds useful with the conventional-type catalyst compounds described
above include methyllithium, 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 ﬁi—hexyl»alunﬁnmn, triethylaluminum,
trimethylaluminum, and tri-isobutylaluminum. Other conventional-type
cocatalyst compounds include mono-organohalides and hydrides of Group 2
metals, and mono- or di-organchalides and hydrides of Group 3 and 13 metals.
Non-limiting examples of such conventional-type cocatalyst compounds include
di-isobutylalurpinum bromide, isobutylboron dichloride, methyl magnesium
chloride, ethylberyllium chloride, ethylcalcium bromide, di-isobutylaluminum
hydride, methylcadmium hydride, diethylboron hydride, hexylberylhum hydride,
dipropylboron hydride, octylmagnesium hydride, butylzine 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.



depends upon the particular Goup to which M3 bel ongs; and each R3 may be
any nonoval ent hydrocarbon radical. [0146) Non-limting exanpl es of
conventional -type organonetal lic cocatal yst conpounds useful with the
conventional -type catal yst conpounds descri bed above include nethyllithium
butyllithium dihexylnmercury, butylmgnesium diethylcadm um

benzyl pot as%d eepoelis®t hyl zi nc, tri-n-butylal um num dii SREPRS06/08288%| bor on,

di et hyl cadm um di -n-butyl zi nc and tggi - n-anyl boron, and, in particular, the
al um num al kyl s, such as tri-hexyl-alum num triethylal um num

trimethyl al um num and tri-isobutylalum num O her conventional -type

cocat al yst _conpounds i ncl ude nono-organohal i des and hydrjdes of Goup 2
netal s, an@atguiies. HR21d0020ng 48R4l 5, adicharhearsia fulydscogioraeblp 3 and 13 netal s.
Non-limti Pé} rgﬁ(c%rrpl es of such conventional -type cocatal yst conmpounds incl ude
di -1 sobuty arum num br oni de, isobutyl boron dichloride, methyl magnesium

chl oride, ethyl beryl | i um rjde, ethylcal cium bromde, di-isobutylalum num
hydri de, n@thylcaéﬁpﬁ§#ﬁ9g$#§gf di et hyl boron hydri de, hexyl beryllium

hydri de, i pylboran hydri.de, octyl nesi u dr.i de, butyl zi nc hydri de,
di chi or obo?@ﬁaﬁydth? w&%%&%ﬂ%@ﬁ#ﬂﬁgﬂ%}%@%&%ﬂ@eﬂF‘Bermcadm' um hydri de.
Convent i oNgbmbineEwiK %Pmma&hhll(é)@n&mﬁadtm afDSPOUIHEE. 8 fokeown to those in
the art and anpre conplete discussion of these conmpounds may be found in

U.S. WO 206mtobmsyethpentlysssonsyimds egior thepopuaien araqembingd %38 2002 and _
5, 093, 415, f%ﬁf??"ﬁ%ﬁ@% ﬁé gpd‘é_ﬁ%%%e hﬁ&%zﬁ)ﬁ?@mg?/ prdyiigaence. E. Spray Dried

Cat al ysts er I ment, e cat sys conpounds descri bed are
conbi ned wiptetfershlp frofotm adiee flowingppwderd/ or activator(s) and spray dried. In

conbi med wiCRTL " SHaSrEo R Chy B «S SRR RS R e, FRRH B “rt ot fal and
t hen spray 0d68 @9t B1,1U.6f RateabNy. 3,674 796 nnd ULS. @etchd 100MS6g2669aleirU.S[ 0148] Spray
O g e o IOl B bR SR ERu 000,295, 191
Appl i cat i ORargeklhdy dderibeQpfad Ghideldk shipdopdd PRAGHD ER glfbral b3 thay Whi ch

spray dry the catalysts by placing the catalyst compound and the optional activator

in solution (allowing the catalyst compound and activator to react, if desired),

adding a filler material such as silica or fumed silica, such as Gasil™ or

Cabosil™, then forcing the solution at high pressures through a nozzie. The

solution may be sprayed onto a surface or sprayed such that the droplets dry in

midair. The method generally employed is to disperse the silica in toluene, stir in

the activator solution, and then stir in the catalyst compound solution. Typical

slurry concentrations are about 5 to 8 wt%. This formulation may sit as a slurry

for as long as 30 minutes with mild stirring or manual shaking to keep itas a

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 inte a

polymerization reactor, the fumed silica acts as a template for “in situ spray”

drying.

{01501  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



particul arly describe spray drying of supported catalysts. In general one
may spray dry the catalysts by placing the catal yst conpound and the
optional activator in solution (allow ng the catal yst conmpound and
activator to react, if desired), adding a filler material such as silica or
fumed silica, such as Gasil or CabosilT"', then forcing the solution at high
pressures t'HP WHM618%nozzl e. The sol yfion may be spr ay RETOVRP0Q484T f ace or
sprayed such that the droplets dry i mdair. The nmethod generally enpl oyed
is to disperse the silica in toluene, stir in the activator solution, and
then stir in the catal yst conpound solution. Typical slurry concentrations
are about Snihadiment, iord sunspidxaprodekindes B pomible sichas addisdnwirayirstf or as | ong as
30 mnutes with mld stirring or nual shaki n% _1L10 keep it as a suspension
before spr afyta&fswqq@m%towcgvaé? lfeg gt of 1 pRtilied AR KRGS of the dried
material i sppReudt 5 {0 | f I sy . 50-60 Si02
and about - Zfowt % cbz;{{g? %@%ﬁﬁ%éfmﬁfgtﬁﬁéﬁaF%ﬁl&%}ﬁ{hﬁ&ﬁiﬁé{&ﬁ%lﬂenbogig ]%rent , fumed
silica sucnathesypedifiedtines, afteowhiciCtheaaiktureTis comipyedk lagdoednethera sol uti on

cont ai ni ng al ys onpound, s t,h I is added to the
cat al yst coaﬁglgﬁéﬁfléiﬁst}ﬁ?%%&?rmFtr’ﬁugg{?g%l/ﬁ%n cl)) ?eg%ntéf}’yrr%?ﬁqé’g# ngerlr eactor, the
finned silimatRepriorastha atlditign Gftke il metalvamilysticodipoayd. drying. [0150] For

si npl e catal yst conmpound mi xtures, the twp. Qr nore catalys conmpounds can
be added td&é’her @@?@@%@ﬁ%‘?’a‘{‘%ﬂf\é\geﬁ@ ?haﬂlx'sflécﬁ‘? gﬁ“ﬁi’eanot her WO
2007/ 061596, 4R USA0RBL A RRN g 1ROpAHRLHOMIRlogy/TR! SarkiG/ @ procedur es ar e

possi bl e, such as addition of a first catalyst conpound to the

act i vat or / fiatticde sizei distubusiondewer popasity pf d partigles insrpllowimg fera ol | owed by the
addi ti on of @}ﬁ t 0 tion,. mxed for anot her
speci fi ed tﬂcé}.{c}@%:&ﬁglﬁﬁ&fﬁ |(I):(%I§ef gﬁﬁ]%x#gg%%ﬁéy(%@é‘? ayed. Lastly, another
addi tive, d0t§2]as h-shetherembodinantaitohitdnwdb Ynkaligid metdberte i n t he
activator/filler . m.xture prior to,the addition t first metal catalyst
conpound. [OTEPM4 ar?dé.’ﬁg?nﬁ]eg‘mg?tﬁ’b’iﬁnrl?ﬁﬁ?mﬁ-’i“ﬁ(iig}tgaQ‘ﬁ%regggweg Fthe nix. These
can be addiiddasagstreRpsundiant Heh dMicdgeddifto RaEdctoe! € nor phol ogy, i.e.

narrow ng the particle size distribution, |ower porosity. of the particles

and al | owi 133 aTheserydead paiticles arg eencradly feririer e PAREIARAN acting as the

“binder' . reactor as a mineral oil shurry. Solids concentrations in oil are about 10 to 30
weight %, preferably 15 to 25 weight %. In some embodiments, the spray dried

particles can be from less than about 10 micrometers in size up to about 100
micrometers, compared to conventional supported catalysts which are about 50
~ micrometers. In a preferred embodiment the support has an average particle size

of 1 to 50 microns, preferably 10 to 40 microns.
F. Catalyst Slurry and Solution Components

[0154]  The catalyst of the invention can be added to the reaction system in the
form of a shurry 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 slury is supported.

[0155] In amother embodiment, the shurry includes one or more activator(s)
and support(s) and/or supporied activator(s) and/or one more catalyst

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



101521 In anot her enbodi nent a solution of a bulky |ligand netall ocene
conpound and optional activator can be conbined with a different slurried
spray dried catalyst conpound and then introduced into a reactor. 10153)
The spray dried particles are generally fed into the polynerization reactor
as a mneral oil slurry. Solids concentrations in oil are about 10 to 30

wei ght % WOSH®EE® 15 to 25 weight % In sone enbodi RERUE200¢ M8 pr ay dri ed
particles can be fromless than abouty 10 microneters in size up to about 100
m cronmeters, conpared to conventional supported catalysts which are about 50
mcronmeters. In a preferred enbodi nent the support has an average particle
size of 1 to 50 mcrons, preferably 10 to 40 mcrons. F. Catalyst Slurry
and Sol ut i 8ha Srppeiaiuroags 8y mRkficdalungene)ond s seelysheenpown @an be added to
t he reacti | ion or a conbination
of slurry %&%ﬁﬁ%ﬂ?ﬁe{hﬁm (g{eg]g%vg |r§n%%%?%ttﬁgg%§?%§tt in slurry form and
i ncl udes avompdundatRrefembly, the Sluppaompries a seppsriphativad adtveyat or. |1 n anot her
enbodi ment, the catalyst slurry includes funed silica. In another

enbodi ment SRS COMRPYS| ncl udes a catal yst conpound in addition to the
activator a86f he 1S Rk bmBomed the BBl Rprk@tupsdricd adtRbtor &8 one

enbodi nent, the catal yst conpound in the slurry is_supported. 101551 In

anot her enbtridifrnt ca!%zst edmppounds, hicharey beaddeg to HesbrryeenaallppP{ s) and

support (s) ;ARdikassHPported activator(s) and/or one nore catal yst

conmpound( 5 or exanple, the slurry may include two or nore activators
(such WO 2¢M3BTD6 159 enoBET AoBRbnedt (kS Ty, coiflaining a seppoped dledoxdnanoxane and a

suppor t ed_ SRS G AL SoPR AR A e bAE T HE BT ot er bl vt he
sl'urry conpydosfsted with ppdhdreataBet dosnpb@id. df andivé embadimkyishe h@mpounds. [ 0156]

I n anot her enhodi nent the slurry conprises. supported activyator and two
di fferent E%‘%H“}‘glas%ﬁﬁﬁ%ﬂﬂ%’?%?ﬁ?gﬁﬁg?iﬂ’émé‘ﬁ%éﬁalyﬁc?‘HB"‘glﬁﬁ?try separately or

i n combi nateQBme kil liBwa @l enbodi ment the slurry, containing a
supported al unoxane, is contacted wth a cat allyst conpound, allowed to

react, and [0158} eafln anotheh embedimest the molar ratio of metal in the activator to
metal in the catalyst compound in the slurry is 1000:1 to 0.5:1, preferably 300:1 to

1:1, more preferably 150:1 to 1:1.

[0159]  In another embodiment the shury contains a support material which
may be any inert particuiate carrier material known in the art, including, but not
limited to, silica, fumed silica, alumina, clay, talc or other support materials such
as disclosed above. In a preferred embodiment, the slurry contains a supported
activator, such as those disclosed above, preferably methyl alumoxane and/or
modified methyl alumoxane 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, oran 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 2 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 sturry diluent are allowed to contact each



I's contacted with another catal yst conmpound. in another enbodi nent the
slurry containing a supported alurnoxane is contacted with two catal yst
conpounds at the same tine, and allowed to react. [01581 I n anot her
enbodi nent the nolar ratio of netal in the activator to netal in the
cat al yst con&ound in the slurry is 1000:1 to 0.5:1, preferably 300:1 to
1.1, nore PYRR®78HF3F 150:1 to 1:1. [0159] In another emSFRNSILAG0438HT sl urry
contains a support material which nmay“be any inert particulate carrier
material known in the art, including, but not limted to, silica, funed
silica, alumna, clay, talc or other support materials such as disclosed
above. |0 a pterf b atheattfioithtnit, ledshi0% bithe yatdlgs t@hpRnds wbppor t ed

activator, such as those disclosed abqye, .preferably t hyl Junoxane. and/ or
modi fi ed met Hwosa?mﬁéﬂm“@%ﬁfﬁ%r%&f tast ?Ogapfﬂ[f%’ifggfﬂ%@s&g}l&l yst slurry
can be preloarpf‘éf‘erQMy%Hé&gw,ﬂﬂ?&gﬁegﬁﬂﬂﬁwléést 903/@,'13?8‘@1%913%: lept 9% ably the

support, the activator opt i catal yst conmpounds in a liquid diluent.
The 1iquid dipkafersbly atleasypR%ald an embodinieat theishuiyrigpiepaed priarde Bousecar bon at ons,
preferably havjng fr tq 20..carhbqgn .prefer branched al kane,
or an organi (I:n@S%%fglggip?egﬁy%ﬁ%hT%esr%ﬁ%‘geﬁga IU%?,WQ%&% &P Fbﬂc%ﬁlr?grsbi | . The dil uent
enpl oyed is pypadativ aplo/c houg) intbrenypieallst 4w Clounel thi omsentfodingany ofthiszat i on and

relatively inert. The concentration of the conponents in the slurry is
control l ed &XERIQDALRL SH"&%‘FH"@B& W&P‘?edx’Bﬁld"é%‘f'glr{géli OLIHPOIRBE S R acti vat or,

and/ or cat al YsicentcAoRQEHRE chBlyGabAbYE it ERURAGDo R e theishk i§ he react or
[0161] Typically, as a slurry, the catal yst conpound and the support and

activator, oredyiggsheyet @ne altariadding the catalystichmpeingste thegluriye fongpniatignl owed t o

contact each 104 i me

su?f I ci ent fgwgt%gt?%g@tg&]@%%dggﬂ?h cﬁﬁg%s y%%%egﬁ%gﬁ{%{a@@kgg%osi ted into
or on the supphctvehproppled plabya sectasasty (WOBS), qribgfudiraxisllat (V) | east 75%
preferably at_| east 809 re.preferably.at .|l east 90% preferably at | east
95% prefer ﬁ?ﬁcg'o%?f’p‘f’gé%té%g%ﬂﬂma ﬁ’e?r%%ﬁ?ﬂﬂ%f@? %rgp%TdBartﬁif i s prepared
prior to Ltsmﬁdtmdnbﬁuﬁﬁéﬁﬂaygi asfiﬁeﬂm&yﬁlttﬁmn.TTmiesori%fchﬂme,dof%rhm xing are
up to 10 hoursg, typically up.to 6 hours, nore typi.ca 4 to 6 hours. In
one enbodi neH?aﬁﬁtalVﬁicng‘_PWéﬁﬂ’BFP”éldE‘@géﬂ }Ei’_é’P deRomYEIA T 96%1?7’“1’5%“ Honsi der ed to
be in or on heoatRRRidn JfthelARIysCRRGBR Bih RS (nbiBcia@hgtgst conpound in

the liquid portion of the slurry is )
support} is reduced by 70% from its initial concentration.

[0162]  Inone embodiment, the catalyst compounds are added to the shirry as
a solution, shury, or powder. The slurry may be prepared prior to its use in the
polymerization process of the invention or it may be prepared in-line.

[0163] Inone embodiment, the shury is prepared by combining the catalyst
components, such as for example the catalyst or supported catalyst and the support
and activator or supported activator, all at once. In another embodiment, the
slurry is prepared by first adding a support material, then adding the combination
of a catalyst and an activator component.

[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



reduced over tinme after adding the catal yst conmpound to the slurry.
Concentration of the catalyst conmpound in the liquid diluent may be
nmeasured for exanple, by inductively coupled plasma spectroscopy (ICPS), or
by ultraviolet (LTV) spectroscopy, after standardization with a calibration
curve prepared at the appropriate concentration range, as is known in the
art. Thus fW%@ 2e04fiS¥e, 70 % of a catal yst conpound wi | PCHES2%4784Br ed t 0
have deposited in or on a support if s3the concentration of the catal yst
conmpound in the liquid (not including the support) is reduced by 70% from
its initial concentration. [0162] In one enbodinent t he catal yst conpounds
are added to the slurry as a solution, slurry, pomder The slurry nmay be

prepared pr syt Ehwmlmeomwmwea:emfeyabbradﬂadtodhe@mse@samfsolﬂthe i nvention or
it may be pg&wﬁeées%l Phwﬁmggpmmw SRS of BRI T e rudrBRaB bl Y | S Prepared

by conbi nin onhen or exarrp e catal yst or
support ed cﬂtﬂby&bmmdhhﬁdsmmﬁemspemﬁ: &etcamb}&monipbmﬁispmﬂﬂet ed activator,

all at once. CEB anot ﬁg' nment, the slurry is prepared by first addi ng
a support néf |S?1‘l“entf n°r§8 ﬁﬁnﬂ‘@ecorrbl nati on of a catalyst and an

activator ceuggpents ax{o%@é&lbédﬁn@fﬁ%ehﬁfalﬁmq;oﬂﬁm alif 1§t Khyry@@Tpr i ses a
supported activator and | east one catal yst compound where the catal yst

conpound | s%&ﬁilpﬁ‘éﬂel’vﬁpmh Itllﬂélrﬁfstﬁ@rqﬂ}boé@@t §(§3r9111 Onwlmwtﬂﬂﬁéd solvent is

mneral oil rgﬁ%ngg%! h“ﬁfm g@ggoﬁgﬁdfoﬂlu%g&gm tﬁ%a £rably nethyl

al unoxane or xane I'S ‘conbl ne support such as
cal ci ned si kmbadiment, {f(mnléd\degﬂsHQHCH@CHQfNHE&umt[m @éctivator, the

supported acti [ sper a,li uch as degassed m ner al
oi |, and thﬁ? éﬁ’g%&qﬁmggﬁg‘?@%&aﬁsmqﬁﬁg O%¥4&ed to the dispersion
and nixed t gorigey m m@p&a&@hmbomeﬁtmm/@ /&R PE] I Hat 52006/ 042847

53 slurry. The catal yst conpounds are greferably added t o the dispersion as

a solid, pYReRstty osdiopt 13860 abouh 2Q00Pral 206y mos MBlelrol 8PYEY 1f i neral oil .

|f nore tha%&@@sow@ta@bwaﬁ%@%&qpke?elatsisiasimﬁgoé%zsedbs}m%@@wmon the catal yst
conmpounds can be added sequentially, or at the same tine. [0166] In another

enbodi ment EHE waneebyred wish ﬁﬁmﬂkﬂﬂfﬂ@@dﬂe‘dﬂ)’bf&ftﬂd@omr haps¢dinasol i d or powder
form In a phebal ffgkdiRRY (TRl 2 RaFPHR: the 2GR Y Bhshfi Vi

of moisture and oxygen, i.e. less than several ppmv of each). The slurry can be
made in a nitrogen purged drybox, and rolled in closed glass containers until
immediately before the viscosity measurements are made, in order to ensure that it
is fully suspended at the start of the trial.

[0168]  In one embodiment, the slurry comprises a supported activator and one
O more or a combination of the catalyst compound(s) described in Formula I to
IX above.

{0169]  In another embodiment, the slurry comprises a supported activator and
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 II to VI described above.

[0171])  In another embodiment, the slury 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 IIl to VL



conpound is added to the slurry in powder or solid form |n another
preferred enbodinment, [(2,4, 6-M3C6H2) NCH2CH2] 2NHZr Bz2 and or [(2, 4, 6-
Me3C6H2) NCH2CH2] 2NHi | fBz2 is added to the slurry as a powder. [0167] In a
preferred enbodi nent the slurry conprises mneral oil and has a viscosity
of about 130 to about 2000 cP at 20C, nore preferably about 180 to about
1500 eP at 20C"YA4'&Ven nore preferably about 200 to abBGTUSWESEB4At  20C as

measured with a Brookfield nodel LVDV-111 Rheoneter housed in a nitrogen
purged drybox (in such a manner that the atnosphere is substantially free
of noisture and oxygen, i.e. less than several ppnv of each). The slurry can

be made in [172)t r dgeanotherregibddidrent the, shamydomptiee dugiported duwokagk ass cont ai ner s

until 1 mredi I re. t i it surenent s e .. 1n order to
ensur e t hat @‘Lgﬁiﬁeﬁﬁ‘%@z@%&ﬁi@ﬁ%&“%F{gi@{%r‘?m%&E‘Fﬁ@i e??r@%e ®f0168] In one
enbodi nent, ihdvpesdettly ¥ béRPREO GBI MSIYRREM.ed activator and one or nore or a
conbi nation of the catal yst conpound(s) described in Fornula Ito |X above.

[0169] In ardBiRdr Jraethrembodimeat, ghephiny cOBRpTes 8 8upparied HHBPY®E 4act i vat or and
one or nore i | : onpound(s)

represent ed @%ﬁéﬁ%ﬁﬁoﬁ@?nﬁar@esgﬁ@ggongg%@gbi@{%@%aﬂ | n anot her

enbngqi rr:ant, W?Iepﬁitasﬂ:)anlylizﬁdiﬁpl : (}b@@me&;ykwplpl pmt@cbnahﬂn'(rjvator and o?e orbm)lr:e orI

conbi nation o e bu .C 0 N represen ormul a
o v et EePdslimd RS R A PR BRSPS FRERTE,

conpri ses syppesiybevcipbhtydiedn), Mal,;, viieed M id orcoaisal, iehineonsmisangd s)d r epr esent ed

by Formula I__or |1, debzcrj bed above, and a the bulky |igand catal yst
conpound(s) ¥ BFhisBptEdBe ordNpRRe 19 to VI. WD 2007/ 061596 54

PCT/ US2006/ Q82847  hQhd dhbddim@ROhE 84tal i ROAUEED the fehi®ioR biMidnY asCONPr | S€S
supported al unoxane and [(2,4,6-M3CoH2) NCH2CH2) 2NH MBz2 where Mis a G oup

4 metal, eachlubignthgtiacluissdcpahisironppued. Jaangther grbogiment thesolutiomet hyl . [ 0173]
I n anot her eﬂ;&qg&%%ngn g“’?in%d{ﬁ}‘it"ﬁg‘{@é?‘?@aﬁtﬁ%‘?ﬂﬁ%rted al unoxane, a G oup

15 catal ysts corrpou' one 0o I s(n-propyl
cycl opent adi{@x38]) - MXR,solupemtseinit thy poogedsof thiet taekind oy st ymeally prepared

E),[ gf ¥;%f lh;l 3&&%&%&%&%‘?%} ?c;n%olulpg aod Clip)ﬁ-t)ll}é&( Zaétivg{ors in a Bquid solvent.
The liquid solvent is typically an alkane, such as a C; to Csp alkane, preferably a

Cs to Cyp alkane. Cyclic alkanes such as cyclohexane and aromatic compounds
such as toluene may also be used. In addition, mineral oil may beused as a
solvent. The solution employed should be liquid under the conditions of
polymerization and relatively inert. In one embodiment, the liquid vtilized in the
solution is different from the diluent used in the slurry. In another embodiment,
the liquid utilized in the solution is the same as the diluent used in the slurry.
(0176}  In a preferred embodiment the ratic of metal in the activator to metal in
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 apreferred 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 wi%, 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 Formnla 1 to IX above.



(n-propyl cycl opentadienyl) MX2, where Mis zirconium hafniumor titanium
and X is chlorine, bromne, or fluorine. 10174] In one enbodi nent, the
catalyst is added to the reaction systemas a solution that includes a
catal yst compound. In another enbodi nent, the solution also includes an
activator in addition to the catal yst conpound. (01751 The solution used in
the proces¥OINYHIES| nvention is typically prepared byPCAUSZWb428 t he
catal yst conpound and optional actiggtors in a liquid solvent. The liquid
solvent is typically an al kane, such as a C5 to C30 allcane, preferably a
C5 to Cl0 al kane. Cyclic al kanes such as cycl ohexane and aromati c conpounds
such as toluene may al so be used. In addition, mneral oil may be used as a

sol vent . TH&7%ol uln asothengrbogdistent Hhg dodtion compyiges|a Grengrl Scca@lyglondi ti ons of

pol yneri zation and rel ati L.faer. Ln..on odinment, the liquid utilized
in the so%oﬁ?qog%@%?regﬁédeb&gﬁr%m#rggrﬁFﬁgscﬁg?(ﬁaéﬁggused inthe slurry. In

Snf)t her errmgsli]rrentﬁ; moFieﬁemEdduhdut,uhé dohztid cbﬁpx?d&@abtgky:i%mgcmlysmehsane as tpe
iluent used in e slurry. 0l a pr rred enbodi nent the ratio o
metal in tfREEQ eré?“t?ddyyn@ﬂ"g}‘laizﬁ]m{/E@esergl?eglﬂgg‘f& conpound in the solution is
1000:1 to (bil, B £hefenbl ¥mBtndnt iR sbiution cé}ﬁ’ﬁrﬁe%igﬁ%@ﬁly 150:1 to 1:1.

101771 In a preferred enbodi nent, the activator and catalyst conpound is
present i neycloperiadiensiDoM Xat (pepareethdenslopegadionys- preferably at up to about 50

wt  preferghl ; t . ) e out 10 wm %
nore pr efé?%ﬂfﬁiogt &ﬁ%lg?)gﬁg%ﬁﬁag’%ﬁ%w’r Q%@%F%#@E[Py&é%d ﬁ)Ellngfs’)s than I w %
nore pr ef @rabpylcisipesediehOMEpwirredV is nGrodpbianeal, mpferablyhe wei ght of the
solvent and the activataqr or g@#ﬁl 1'l conpound. 1781 I n one enbodi nent,
the sol uti%}FF"E’BFPpﬁ A i t‘%%' %9’%‘%“@‘8 Bihds described in

Formul a |t @ig abbise pdind@RrGINEboR6 ofikd InVoRR0ARI4ABH/E sobtiohD179] | n anot her

enbodi nent, the sqlution conprises a, Goup 15 catal yst conpound represented
by For mul a™py bt combigrdswith By ¢atiyshrontainineadimy. A a4GHHe OB BHent , t he

solution ¢ st SGipchehdYoeigiand catal yst  conpound represented by Fornula
1l to VI destribed above. [0181] In a preferred enbodi nent the sol ution

conprises His(N- PpRBYses

A, General Process Conditions and Reactor Systems

[0183]  This invention pertains to any prepolymernization and/or
polymerization process, and the process is suitably carried out over a wide range
of temperatures and pressures. Such processes include, for exampie, solution, gas
phase, slurty phase, medinm pressure and high pressure processes or any
combination thereof. Particularly preferred is gas phase or slurry phase
polymerization of one or more olefins. In a particularly preferred embodiment, at
least one of the olefins s 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 2 polymer would be one in which the reactants
are continuously introduced into one or more reactors and polymer product is
continually withdrawn,

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

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



cycl opent adi enyl ) - MX2, ( pent anet hyl cycl opent adi enyl ) (n-

propyl cyal opent adi enyl ) MX2, bi s(indenyl)-MX2, (tetranethylcycl opentadienyl)
(n-propyl cycl opent adi enyl ) MX2, where Mis a Goup 4 netal, preferably
zirconium hafniumor titaniumand X is chlorine, bromne, or fluorine.
[0182] In the polynerization process of the invention, any catalyst
sol uti ons WRE¥H786I58HonDhi ned with any catal yst contai ni nB¢F ﬁWWVW”%h addi ti on,
nore than one catalyst conponent mey be utilized. VI. Processes A General
Process Conditions and Reactor Systens [0183] This invention pertains to
any prepolynerization and/or polynerization process, and the process is
suitably carried oui over ,a w de range  of tenperatures and pressures. Such

processes tHS8FLde Polvgierzationprosessemicaering to tesinvestar &e c&rigd P 3phase, medi um
pressure aggl i ] ﬂﬂgsgﬁﬁj t her eof .
ParticuIarIgy%?%?gﬁﬁgﬁﬁﬁgggggggﬁgggﬁg?&gﬁgg?vqp age ggﬁynerization of one
or . nor e ol efdcess. Thepressurastemplolyed ingy by inftley megk feorb d dinnBigt(]133Ra) td east one of
the ol efing,i I pr.o, . 84 pre rization and/ or
polynerizaﬁk%ﬁ3%&@%%§§53§%nﬂgd§éL6ﬂﬁﬁPBg PI¢RI£53§ﬂ%ﬁ9%%ﬁ%5 i NUOUS pr ocess.
By conti nuds),irsorgpféraidy Symtabouttivat (100 RRE)ab @Sout 000 b8 (10WRHdad t 0 oper at e)

W thout interuption or cessation. For _e a continuous process to

xanpl e
produce a HEPW%L#Q}RB@“%EW‘%&W%WIREW@&M ants are continuously
I ntroduced [?1%50@&0 erfBfindnf ¥ {265 S i BRI (PR @ aCONt T NUAl Ty

wi t hdr awn. 185] Polymerization processes according to this invention are
carri ed ousolntion, axfiutmepressuras higleprossuteesipmy phase er gaapbaseef f ective in carrying

out e PO el 5T MRy ED LR sl ur s Tange
f rom about cabéa dtomd,0élerab1p 220 @7 $4BAEAGME Gd WISROOEEAVRRAE 8 cafboh 0186)
POl YTeT 2o B ECeRes SR IA Ll S TSRl on aug gaLr 1 od out ot - any
process. ThRrdsIesSmbesmaND! QRcheB¥PReeN biilnd, an@tehd, Ahdhyim Hy (133 Pa) to
about 3500 bar (350 MPa), preferably fromO0.5 bar (50 kPa) to about 500 bar
(50 pentene-1, 1-hexene, 1-octene and 1-decene.

[0188]  In another preferred embodiment of the invention, ethylene is

polymerized with a comonomer, the comonommer having at least one alpha-olefin

having from 3 to 15 carbon atoms, preferably from 4 to 12 carbon atoms, and

most preferably from 4 to 8 carbon atoms. Preferably the reaction is cartied ont in

a gas phase process.

[0189] In another embodiment of the invention, ethylene or propylene is

polymerized with at least two different comonomers, optionally one of which may

be a diene, to form a terpolymer.

- [0190] In yet another embodiment, the mole ratio of comonomer to ethylene,

.C,JCp_, where Cy 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 shurry phase proceés, 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.



MPa), nore preferably fromabout 1 bar (100 kPa) to about 100 bar (10 MPa),
and nost preferably from about 5 bar to about 50 bar (5 MPa). [0187] In one
enbodi ment, the process of this invention is directed toward a sol ution,
medi um pressure, high pressure, slurry phase or gas phase polynerization
process of one or nore olefin nmononers having from2 to 30 carbon atons,
pref er abl yWB 2087062596 ar bon atons, and nore preferably 2PEHUS2HEPBY}T  at ons.
The invention is particularly well syited to the polynerization of one or
nore ol efin nononers of ethylene, propylene, 1-butene, | -pentene, 4-nethyl-
pent ene-1, 1- hexene, | -octene and 1-decene. [0188] In another preferred

enbodi nent of the invention, ethylene is polynerized with a conononer, the
conononer HHYRhg amothemmtfenndpmbgshaftbé efvemionhewhangtheporees, t o 15 car bon
atons, preferahly from4 to,12 carbon at and nos referably from4 to
8 car bon aPWWHJI%? S Q835 PRARS POSER ?ﬂ?‘q?@ggferﬂrﬁﬁncgﬁgalgwﬁya gas phase
process. [ @i8mdtallosaRichalysesyhieiofBiRtin®htididiimike abictk ofet hyl ene or
propylene is polynerized with at |least two different comononers, optionally
one of whi EseRtally Tigeokanyiseavansers, sychapitethylalypnymerimefhy BRInER, yet anot her

enmbodi ment ggm.ggll,-ﬁ]- | £ gHﬁBﬂE{ L laﬁﬁﬁ Ghibide. Where C. is the
amount of compnofrer ér}gﬁ%izatﬂsn%% amurﬁ?%cﬁetﬁ?y engl,]mis_ ffom about 0.001
to 0.4 anddivotybzipe afdehalikey Thisprefabsedprotes9R dessribedin T 8diicatian one enbodi nent ,
the inventi | ol € I | zat | ro S articularly a gas
phase or sW?@%ﬂj&%&ﬁgggeg&‘ggr%gg%ﬁ@éﬂ%}ﬁé@"Eﬁglgﬁeg%gmal one or with one
or nore ot fdly ind@RsorRedhy Rereide.Nng et hyl ene, and/or other ol efins having from
4 to 12 ca at . Pal ypropyl ene pol ynmers nmay be odyced using the
particul ar E‘ﬁg&’l dg‘é?f“’ffm eupy2f e WEEHieRR )d%{Fg’faPEYF t‘éém described in
U'S. Pat enpiiag) ot dids) 3nekanR thyibe exfor WkGiRatRg her ei n
i ncor por at eghlg?)ref%@ence@' iy Loy il o BBVl or WhEMaRE Dol [0192]
Anot her pr 8fcesof &g pppelyesgzaskin themresenceof themetalloggnsicetabyiesygieraealss,  preferably
a slurry o NESEC Ls . | he. or ce of a bulky Iligand
met al | ocemEeh eg%}t%gﬁyst sr%?gel?n&%fphtgwg%{\@%ﬁg P%ﬂ’eg%%oﬁnﬁfcﬁg absence of or
embodiment, the prepolymerization process is carried out in a gas, solution or

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

[0194]  In one embodiment, the polymerization is carried out where the
_catalyst, monomer, and diluent are present in a single phase. In a preferred
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



essentially free of any scavengers, such as triethylal um num
trimethylalumnum tri-isobutylalum numand tri-n-hexylal um num and di et hyl
al umi num chl oride, dibutyl zinc and the like. This preferred process is
described in PCT publication WD 96/08520 and U.S. Patent No. 5,712,352 and
5, 763, 543, i herein fully incorporated by reference. ]10193] In one
enmbodi ment %zﬁﬁé&{sﬁ@enti on, olefin(sks preferably C2 t8CEHR0GHHTN(s) or
al pha-ol efin(s), preferably ethylene or propylene or conbinations thereof
are prepolynerized in the presence of the nmetall ocene catal yst systens of

t he invention described above prior to the main polynerization. In one
enbodi nent , tieeentodpmdny petdizsed totehmpmonese sendestratian greatdr than S Wt%a gas, sol ution

or slurry phase at, effective prepolynerizatjon,t raf ures and pressures.
The prepol y&éﬁq%fé'ttp%tﬁ{aigﬁlggta‘?g@mp‘ﬁ%\é“%’ flﬁueghﬂﬂ%?agqqysﬁs ner or conbination
and/or i n t hefpids gRaer 18in FWMARReHIRA 30RItBNE atdlih eabbdifenta@ent such as
hydrogen. For exanples of prepolynerization procedures, see U S. Patent

Nos. 4,748, 2¥et anofherpgthodinmnt, thedoed:sgrgan wall oonfain frgm TwHt $»8%and 5, 705, 578
and European i jon. ER- B ek @y WO 97/ 44371 al |
of which are * %}?gcnﬂ#éﬂﬁ%oi%ﬁ%g%g% attgtggw@gﬁrog%rn gﬂgﬂéb&%igq In one

enbodi nent, tdaygeyspemeri zation is carried out where the catalyst, nononer,

and dil uent present | Si e .phase. ,Iln a preferre enbodi ment ,
pol ymeri zat i @ﬁsﬂs c ?l?eeeénri’(? egggéheclgﬁ%%ﬂﬁdﬁgmﬁgﬂﬁﬁg‘%dzt ﬁlleé%ac Focess in
whi ch cat al yfir moleaRFReightiddrell |Ade el wWir t6 $iR)aE shilleddin Siengl € phase. By

continuous is neant a s%stemthat operates (or is int egﬂgd to (gﬁerat e)
wi t hout i nt BB SANGSRTHERE ok hygrpsetrsiatiys i iBe eongertBBHER Rl BremMSiBtess to

produce a pojniBreactdPillust REpRME LR BF SIIiRer of dih 2 BB b@ aSertl tiinuous| y

i ntroduced into one or nore reactors and polymer product is continually
wi t hdrawn. [ ®¢@BYaverage molecular weighdel i n t he pol ynerization process of this

o 0 o171 COR Lol Sie AURNBAS: Bhid Hbcot BhtRlegY S em of fect] ve
to catal yze e " polynerization o e nonone ontalnin eéd- st ream such
t hat a suff i whizghcomprises néntafingokfumeondrasrs mith pelymesghtioh aatalgtter arst i cs i s

d d. The f d st i WD.2007/ 061596 PCI/ US2006/. 042847 5%
oo 1 R A S o N i i

produce the desired polymers. Hydrocarbon solvents suitable for the process

inchide aliphatic and aromatic solvents. Alkanes, such as hexane, pentane,

isopentane, and octane, are preferred.
B. Gas Phase Embodiments

[0198] One embodiment of the invention incorporates the use of a gas phase
polymerization process. Typically in a gas phase polymerization process a

i continuous cycle is employed where in one part of the cycle of a reactor system, a
cycling gas stream, otherwise known as 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 monomers 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
monommer is added to replace the polymerized monomer. See, for example, 1J.S.

Patent Nos. 4,543,399, 4,588,790, 5,028,670, 5,317,036, 5,352,749, 5,405,922,



(based on the total weight of the nononers, diluent, and catal yst systen),
preferably greater than 15 wt% greater than 30 wt% i n anot her enbodi nent.
In yet another enbodinent, the feed-streamw |l contain from5 w%to 50
wt % nononer concentration based on the total weight of nononer, diluent,
and catalyst system 10196] In one enbodi nent of the invention, hydrogen is
added to t heoe@awoésss for nol ecul ar wei ght control. As PEI/VEPI6/ORBEWN t 0
those skilled in the art, increased %oncent rations of hydrogen relative to
the concentration of nmonomer(s) in e reactor cause the production of

pol ymer of | ower nunber average and weight average nol ecul ar wei ghts.
101971 I n one enbodi nent of the invention, a liquid process is enployed,

whi ch conpr3, 38308084 $8:4710§1464,%59, §,6h&6E1mY $,668,208, atlloy which astfuln cat al yst in
an optional sol vena and al ] owi ng the nmononers to react for a sufficient
tine to pr%‘éﬂﬁﬁ%’atﬁ% CrgELy refHeRSt yner s, Hydr ocar bon sol vents suitable for the
process i nghaje afy J&,réaﬂe&{aoga@bh&eﬁfws%m@vﬂmg&mﬁmch as hexane,

pent ane, |sopent ane octane, are preferred. B’ ‘Gas Phase Enbodi nents
10198] One msigl680 kRa) to dfoutﬂ?(@psrg\(éﬁt&ld’ﬁ),preé@ahjm?dhe@nghef figeabplit 3 gas phase

pol ymeri zatjon pr . Ty i N hase iLzat i process a
on f nuous A03eE CERITs B ARh Fae [orRo RES BPR T BN TRpEFERE P " coct o
system a @mbmzﬂaﬁs@(amammwmﬁwm@sﬂgmmmms) a recycle stream or
fluidizing nedium_is heated in the reactor by the heat of polynerization.

This heat il82 Q'EWDVQEFH"?WYIH@ Weééwséord‘éﬁé’é‘sﬁyﬂe%‘ﬁnﬁrgaweher part of the
cycle by a '1@ﬁﬂﬁé€§f?@9§ ﬁég?hﬂ@reskﬂe of 38 rﬂa?r?x%x%mere?ﬁ%ﬁfeh)(d in agas

fluidized béd process uci'ng polyners, gaseous stream contai ni ng
one or nor envﬂgmmgfﬂsmmpmsaﬂwlw@rmwlhmwg&pmabdultZﬁtm%@ed bed in the

presence of u act ndi t.i us streamis

W t hdr awn fnr“(?;lrrﬁ %ﬁ%tﬁ%tha?%g%n %Hﬁﬁlepg%sg‘%gfséag}% tfr o%taaf%fgﬁ reactor.

Si nmul taneouBlS)kPapﬂdbpﬁﬁl‘ch@#aErab@ abbitlsdy Mofabmtlzt)msk?eeamtcmamand fresh
nononer is add dtg.repla he p | ymerj zed nong . See, for example, U S

Pat ent Nos. YPICE gandiéaps ina Saéa’tll?@d"’ YieH28108 PECCS; BP ipsgme Bys¥RY 749,
5,405, 922, NhrQA¢lbrdRok bat/BRRAY RERBMty. 5O

[0201]  The reactor temperature in a gas phase process may vary from about
30°C to about 120°C, preferably from about 60°C to about 115°C, more

preferably in the range of from about 70°C to 110°C, and most preferably in the
range of from about 70°C to about 95°C.

[0202]  Other gas phase processes contemplated by the process of the
invention include series or multistage polymerization processes. Also gas phase
processes contemplated by the invention include those descrtbed in 1J.S. Patent
Nos. 5,627,242, 5,665,818 and 5,677,375, and Buropean publications EP-A- 0 794
200 EP-B1-0 649 992, EP-A- 0 802 202 and EP-B- 634 421 ali of which are
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 lbs/hr
(4540 kg/hr), even more preferably greater than 25,000 Ibs/hr (11,300 kg/hr), still
more preferably greater than 35,000 Ibs/hr (15,900 kg/hr), stiil even more
preferably greater than 50,000 lhs/hr (22,700 kg/hr) and most preferably greater
than 65,000 Ibs/hr (29,000 kg/hr) to greater than 100,000 lbs/hr {45,500 kg/hr).



5,436, 304, 5,453,471, 5,462,999, 5,616,661 and 5,668, 228, all of which are
fully incorporated herein by reference. [0199] The reactor pressure in a
gas phase process may vary from about 100 psig (690 kPa) to about 600 psig
(4138 kPa), preferably in the range of fromabout 200 psig (1379 kPa) to
about 400 psig (2759 kPa), nore preferably in the range of from about 250
psi g (1724 WXPay7#615%bout 350 psig (2414 kPa). [0200] ThECTESesmisdtty of the
catal yst or catalyst systemin a gas ase systemis influenced by the
partial pressure of the main nononer. The preferred nole percent of the

mai n nononer, ethylene or propylene, 'is fromabout 25 to 90 nole percent
and the cono p i XN EBml e infid medant 138 kPa to
about 517 kngz@g efggaadgi&{;rgfgout E%?b%gﬂt%é%%%?gg(% kPlgi,mwhi ch are

t ypi cal condind isimrodnced infa thegasiplmspraastarintozaesin parpelo deas goneAFsb i n some
systens the,presence pf conpn [,.capn l.ncr e pro Yity. [0201] The
react or terrpg‘&l .ﬁjfilﬁ%n ?rhg%wgjalgg%‘ﬁg%%hﬁwggaég?ﬁﬁ@e%gvg/g#r&g%g‘%%é@ut 30C t o about
120C, pr ef er phlymefiza66h ahospartflElcan zaRRppitast $&LIS FBIRT2pwaickisabl y i n the range
of fromabout 70C to 110C, and nost preferably in the range of from about
70C t o about nggEorafed hyrplersnerdicredihs phase processes contenpl ated by the
process of the invention include series or nultistage polynerization
processes. Afso gas Spagdaocess Fakadimenteont enpl at ed by the invention include

t hose described in U S Patent Nos. 5,627,242, 5,665,818 and 5,677,375, and
Eur opean publ0288k i ofsc embadimentpd the ipgotigPngprperags hegspof apury. 0 802 202 and

EP-B- 634 42 Whi 1 LIy f erence.
[0203; In a l?agké?l?xfg en%%g@%%ﬁ,{p!?&%ﬁiéQraggg%%{}nhg\%?o%%%fég ¥o§1§s:§ lized in the
[ nyenti on ar ¢hedpappdywériptiotporesygisgpraatbly cumiad oGO pickmresfin fhel yner per hour
(227 kg/lrréﬂto out. 2 0Q0 / hr 0,900 _ka/ hr)..or hi r.. of polyner,
preferably N OT%%??%%’OF @mhn?ég%rbﬁ{gyeﬁqr Iy %raBgee%Jfogbfy gr eat er
than 10, 000 h@ﬁﬁhosﬂuﬂé&%@éﬂﬂgk&mﬁﬁﬂmﬂ%%&ﬁﬁfyﬂﬁ@ﬁ'r&%b@&@fo t han 25, 000
| bs/ hr (11,300 kglhr), still nore preferably greater than 35,000 | bs/hr

(15,900 kg/ ebout §30°CI even nore preferably greater than 50,000 | bs/hr
(22,700 kg/ h nd st pref.erapl rreater than 65 000 |.bs/ (29, 000
o hr )t o or LROET . TEGe BroaGisa pin R 6R) Slosssh RT3k o6 1506

PCT/ US2006/ OdrtBiiifiator(s) are miscible in the diluent or diluent mixture, i.., constitute a

single phase, while the polymer precipitates from the diluent with good separation
from the diluent. In one embodiment, a solvent or co-diluent is added to the
reaction process. In a particular embodiment, an alkane having from 3 fo 7 carbon
atoms, preferably a branched alkane, 1s added. Preferred alkanes include
isobutane and isohexane.

{0207) A preferred polymerization technique of the invention is referred to as
a particle form polymerization, which is essentially a slurry process utilizing a
supported catalyst wherein the temperature is kept below the temperature at which
the polymer goes into solution. Such technique is well known in the art, and
described in for instance U.S, Patent No. 3,248,179, which is fully incorporated
herein by reference. Other slurry 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 shurry processes include
continuous loop or stirred tank processes. Also, other examples of shury
processes are described in U.S. Patent No. 4,613,484 and 5,986,021, which are

herein fully incorporated by reference.



60 102041 I n another preferred enbodi nent the catal yst systemin is liquid
form and is introduced into the gas phase reactor into a resin particle

| ean zone. For information on howto introduce a liquid catalyst system
into a fluidized bed polynerization into a particle |ean zone, please see
US 5,693,727, which is incorporated by reference herein. C. Slurry Process
Enbodi ment wolB20&)5%ne enbodi nent of the invention i ncEEFOBHCESI2He use of a
slurry phase polynerization process, qureferabl y as a continuous

pol yneri zation process. The slurry pdllymerization process is preferably
carried out at pressures in the range of fromabout Ito about 100

at nospheres, preferably in the range of froml to 50 atnospheres. Qperating
t enper at ures gener | 4 . (0206] In one
enbodi ment ofla{(ﬁé s[%?%&%?dgggé@%% gaﬁolﬁ%dn@%é C taa!f/ggsf%%? and

i nitiator(s) ieweation iscagablke of pradhangigreatenthamoy00dbd efeatymer merdowr, (227 e. |

constitute a i.ngl | ner, preci.pitate om t he dil uent
wi th good seﬂ(&ﬁﬁﬂgﬁﬁmﬂaﬁﬁﬁqumpéﬁkﬁﬁb ﬁr %ﬁ%eegﬁB%%PWeﬁrFfer%Eysol vent or
co-diluent i spreuedl@nt1000 BS/hr (488 &EMO mBePecTerably gfeatRr fhask 10,000 B&enbodi ment,  an
al kane havi n&ﬂfrom 3 to 7 carbon  atons, pref a branched al kane, is

bl
added. Prefe wl@fh{hﬁ&@m%ptré%ablyg@ﬁe!ttaﬁ@%ﬁ%alb%’gﬂ{éka%gﬁrbzt#] A

preferved PolyBbcfald P Bk bs/rl?es,0 )iy biniher red 1o as a

particle form pofyneri 'ch T's essentiall’y a slurry process
utilizing a psefppblytgesiter 81anl59.900 bbdr €2/700 hg'ht) enghmostipieferably gheatst bel ow t he

t enperat ure i h r,goes into L op. techni que is well
known in the%vg}@ﬁ@%i@ﬁ@%{é‘éﬂtﬂsre&rerﬁﬁgeﬁﬁhfﬁ@%@%@wﬁ&o 3, 248, 179,
whi ch is ful ljg209pcoripenatmsbditiedSiolymiy gfahles SicGRppddel e4talgit phitiglepr ocesses

I ncl ude those enpl otyi ng,‘g | Qap . reegsﬁtor and those utiljzing a plurality of
stirred react®¥eseRt sspiidrartielayip thesfurygeactor g e reHEENds of . Non- 1 i miti ng

exanpl es of ShllohMoBERESS 8&Sori itk HilBocafRE, Iob Bipttarel B8RP MShé ' red tank
processes. Al So, other exanples of slurry processes are described in U S

Patent No. 4 csbedingat, heconceog@ionaf soligpiagivles inthe supgiseaudl|tp 9r gre88T por at ed by

reference. W QQofh0%h dnotRPerbiiohinreat WSLoRdpEAilles are present in the shurry

at a concentration equal to or greater than 25 vol%. In yet another embodiment,

the solid particles are present in the sluTy at a concentration less than or equal to
75 vol%. In yet another embodiment, the solid particles are present in the slurry
at concentrations ranging from 1 to 70 vol%; from 5 to 70 vol%; from 10 to 70
vol%; from 15 to 70 vol%; from 20 to 70 vol%; from 25 to 70 vol%; from 30 to
70 vol%; or from 40 to 70 vol%.

D. Solution Process

[0210]  In one embodiment, the process of this invention is carried out as 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, anto refrigeration, pre-chilled feeds, vaporization of

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



61 [0208] In one enbodi nent, the reactor used in the slurry process of the
invention is capable of producing greater than 500 | bs of polynmer per hour
(227 kgl br) to about 200,000 | bs/hr (90,900 kg/hr) or higher of polyner,
preferably greater than 1000 | bs/hr (455 kglbr), nore preferably greater
t han 10, 000 _| bs/ hr 4540 kg/ hr), even nore preferably greater than 25, 000
| bs/ hr (11‘§@G 6WH$§ still nore preferably greater tRERUSHBOI@BEB4Fbs/ hr
(15,900 kg/hr), still even nore prefé?ably greater than 50,000 | bs/hr
(22,700 kg/ hr) and nost preferably greater than 65,000 |bs/hr (29,000

kg/ hr) to greater than 100,000 | bs/hr (45,500 kg/hr). [0209] In one
enbod: ment . ROl AR oA A0 Fre S URRORLS D B Ao STLAC] e are present
as solid par es int urry reactor; and t slurry diluent is a

hydr of | uor ocwn’qmmmre)d@cmds Oﬂmhﬁecalw wsEar hlgvst;rabthemmtouteag)etahgt eof. In one

enbodi nent, ncentr on o L inth urry is equal to
or greater geﬁ C%"W ee&ﬁ%‘f‘ﬁ@é@fﬁ% 'r‘?(%hgé r’?%‘éprggeﬁ%hiy%%ﬁ{ti cles are
present in taﬁauiihwwab@ﬁ 1%°€ﬁﬂ£ﬂ@ﬂ§§tﬁﬁefe@®1}eﬂﬂﬁ|ab6@4mc ©rRBaitag0han 25 vol %
In yet anot her enbodi nent e solid particles are present in the slurry at

a concent r at foverpeasTatinBihaecag sagetor éempﬁﬁmbféll%mf% Wydiehsiidth®e enmbodi nent,
the solid pa rEﬁx?es S rangi ng
froml to 70ﬁ%/§(t)fEJ &ﬁﬁ‘tr%%l% tbeh% vol/gbgtfofgﬁ&{%nitgé?%ﬁ% C'(’ilgﬂreg‘lr%lS to 70
vol % from 2Eeattorszde mddpdent. StheZbesboe Eﬂlw%mfab@m&ﬁnﬁg(lma)m % or from

i s i nventi or0Ter EAPAIRAR heefpt om GE Pl o DR ar S RERREUBT P oceoe. o

General |y, th@gﬁﬁmﬁablgrﬁompcemmﬂytelmesar(p@mprl zation in a continuous
reactor in WhICh the starting nononer(s) apd _catal éSt materials supplied
and the pol yHEA2k or FEgmplsyed's g’t}l?th'@EFsﬁeéaF“éﬁﬁfé’é’e%FlU VAt 88hcent rat i on

gradients. 514'2‘7?%(?51%9‘2@33%95699@%%‘8?59?8}695 QWSW&PE‘JQW’Q' nt of the
pol yners at high pressures, from’i (100 'kPa) to 3000 bar (300 MPa), in

whi ch the A% 253@@BC§§7\’@|9PH@H0 Whlchﬁwsﬁéllmnp@mm]@@ﬂ%@mbﬁatl on using a
solvent. [O grflnc'genper ature control in the reactor is obtained by bal anci ng
t he heat of polynerization and with reactor cooling by reactor jackets or

cooling coil ?et o] co 1&d%ﬁgl}q§{$%&r%0&ﬁ?§iz%' ctor, auto refrigeration,

pre-chilled eds, vapor zat' nedi um (di l uent, nonomers or
sol vent) or f(ﬁrl'?]' natd] pc?lyrgenz%{xon E;rgtr;é%g of this invention can also be carried out at

medium or high pressures. For medium pressure processes, the temperature at

which the polymerization reaction occurs is at least 80°C and ranges from 80°C to
250°C, preferably from 100°C to 220°C, and shouid for a given polymer in the
reactor, be above the melting point of said polymer so as to maintain the fluidity
of the polymer-rich phase. The pressure can be varied from 100 to 1000 bar for
ethylene hamopolymers and from 30 bar (3 MPa) to 1000 bar {100 MPa),
especially 50 bar (5 MPa) to 500 bar (50 MPa) for processes producing ethylene
copolymers containing Cs to Cyg olefins and optionally other copolymerizable
olefins.

[0214]  In high pressure processes, particularty for the polymerization of
ethylene alone or in combination with C; to Cyp 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 af a temperature within the range of 130°C to 230°C. The



WD 2007/ 061596 PCT/ US2006/ 042847 62 Adi abatic reactors with pre-chilled
feeds may al so be used. The reactor tenperature depends on the catal yst
used. In general, the reactor tenperature preferably can vary between about
0C and about 160C, nore preferably from about 10C to about 140C, and nost
preferably from about 40C to about 120C. In series operation, the second
react or ten¥er28’#6e¥% s preferably higgfr than the firsPCYEREPHH2847
tenperature. In parallel reactor operation, the tenperatures of the two
reactors are independent. The pressure can vary fromabout 1 nun Hg (133 Pa)
to 2500 bar (250 MPa), preferably fromO.1 bar (10 kPa) to 1600 bar (160
MPa), nost piaheiatbyistonpletkd Bt e(;ir@s@mlélaaavetmom@%b%ma%aﬁd MrRjally (02121

Exanpl es of solution processes are described in atent Nos. 4,271, 060,
5,001, 205, 5Sat2P6csege withinsborapgreiiNabe, (B¢ ¥ Eakte HAA br¢iS0AdP2)99/ 32525 and PCT

WO 99/ 40130, puhi V4 NG ' . SPge- B Medium
and Hi gh Pr e%rsurgﬂpg{c}%é%ﬂ%?{%%%&%ﬁ ?%g{lﬂg/“n@%ﬁlnzt%ﬁa%%e process of this

i nvent i on ca80das{B0dP)as 25bap(R50 MPa).nedi um or hi gh pressures. For nedi um
pressure pro es,. jhe tenperature at i.ch e ol ynerization reaction
occurs is atﬁ'ﬁiist %’t?ffréﬁ"r? il “F?%cgg@l?‘ﬁfg’;g ,re%f“@faﬁ‘?ﬁrbl y from 100C to
220C, and shemberafufd pyriiérizaiond @ yreBidre propiibiee hdlhﬁ@@;yﬁfers 28@ cefdBNeers he nel ting

poi nt of said polymer so as to maintain the fluidity of the polyner-rich
phase. The peleseiene adk Gdo Cardlefms prbontipod!in esher gopp!Pagrizakle olefibhy| ene

honopol yners r : k nber 5.€5Peci al ly 50
bar (5 MPa) }%agggf)%lrgéﬁré&g%?at%ﬂgr%%#g%%nggg’?@%} %%%]g?]r?gget hlil?’ene copol yners
cont ai ni ng CRp6IBN, B cfiled Decantbenht200hahd $0/61 hedl, GizpSeptombar28bl e ol ef i ns.
(02141 In hi ,Pressure processes, particularly for the polynerization of

et hyl ene al ofie“or in conbination with C3 to C30 al pha-ol efins, and
optionally other cgpolynerizable,olefins, the tenperature of the nmediumin
which the p Iynerigga(cf% AR urs i s at | east 120C and preferably

above 140C may,Jyange to 350C but .bel ow t he. deconpgsi ti on tenperature
of the pol yﬁ@glﬁlpr ogfﬁi’ﬁ,ge’?’QBW§lg'F§r@?%%“8ﬁém%°f§?§€eg%3@f'é‘?aﬁtﬁfy, t he

pol yneri zat i §#tein$such as continuous and batch reaction systems suitable for carrying out

any one or more of the solution, gas phase, slurry phase, medium pressure or high
pressure processes . In one embodiment, the invention is practiced in a fluidized
bed reactor, loop reactor, plug flow reactor and/or stirred tank reactor. Ina
particular embodiment, this invention is practiced in a “butyl reactor.” Other
examples of reactors include any reactor selected from the group consisting of a
continuous flow reactor, stirred tank reactor, plug flow reactor, moving belt
reactor, drum reactor, jet reactor, nozzie reactor, tubular reactor, autorefrigerated

( 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

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



conpleted at a tenperature within the range of 130C to 230C. The WO

2007! 061596 PCT/ US2006/ 042847 63 polynerization is conpleted at a pressure
above 200 bar (20 MPa), and generally at a pressure within the range of 500
bar (50 MPa) to 3500 bar (350 MPa). Preferably, the polynerization is
conpleted at a %ressure within the range from 800 bar ]£80 MPa) to 2500 bar
(250 MPa). MQ2MWEIIRKre recently, pol ynerization conditidTEUPYEBYh pressure
and or tenperature polynerizations &€ prepare propyl ene honopol yners and
copolymers of propylene with C3 to Cl10 ol efins and optionally other

copol yneri zabl e ol efins have been reported. See US patent applications

60/ 431, 185 filed Decenber 5, 2002; 60/431,077, filed Decenber 5,2002; and
60/ 412, 541, SPravied anigah keftive druppand heptgoremovedhypvieperation treilemes syst ens

102161 The {ypyepldo DRy, B aBAGH AGEry 1 RNV EBroRBhyRP! | zal | on T eact or

system such as continuous an reaction systens suitable for carrying
out any onsurface Insat teansfer {sheh ssobhetd the coodpms ispinessme, onshainsife phthse, nedi um

pressure or _high ressure processes. . |In one enbodi nen he invention is
practiced iwquuﬂgﬁﬁ}ejﬁ{t aB@HwPBI;WB}SPr‘TdBB%j "fnetg%?tg?r_,sg%lotqaw;bf’gﬁf reactor

and/ or stiraeh)! Akhér@dsd dTheactolisth jelRR hblAd eddtore TReirbR s havBhS i nvention is
practiced in a "butyl reactor,"” OQher exanples of reactors include any

reactor sel ghortaesidepentimnwhere igmensmst, dilnang ans cafplystBiemaous f1 ow react or,
stirred tangonﬁtﬁﬁe%tiﬂheééa’[gyk’gogﬂe i Etfeiﬂﬂﬁeriz%‘ﬁ'o@&u?% ﬁn? B bses drum reactor,

jet reactor, nozzle'r r, t reactor, autorefriger te(eils boi | i ng- pool
react or or timughtwinonde atdight vebocgpf . (0217} | n anot her aspect, heat can be

renoved fro e reactor system.by use .of heat transfer,surfaces, such as
in a tubula &@act@ eWf@?rg)é%{wgﬁsolflﬁ?ﬁesi°§mcﬁ"imgllﬁ§m3ééedlge Flfe tube and the
pol yneri zi nigweitishUCatalyst @mpbhudt(Of (BRT arSiad€vatdrieaiplayad) mdyse deleeréenoved by
evaporating the_pol yneri ziggqm’xture such as may he found in an

y
aut or ef r i gefSA SHHGRPT Hipmy. sibar seramiely bo4Be practonacivakA MslBEIFTof s 4 plug 1 ow

reactor whefshéreRQbr bioReRtivitBLarRPFEY AZdnBiivied dlufioh 8 fyAPRHRd ed as the
m xture proceeds through the reactor. Another exanple is where heat is

renoved i n wagbi A prefeowd preiationris By soinglansastivatedindigt Foriafoshaionusi ng cool ant

on the ot he&n ﬁ%ﬂ@ds% irﬁroagcaetmultiple catalysts into reactors, see US 6,399,722 and
WO 01/30861 Al. While these reference may emphasize gas phase reactors, the
techmques described are equally applicable to other types of reactors, including
continuous stitred tank reactors, slurry loop reactors and the like. Polymerizations
are carried out in either single reactor operation, in which monomer, comonomers,
catalyst/activator, scavenger, and optional modifiers are added continuously to a
single reactor or in series reactor operation, in which the above components are
added to each of two or more reaciors connected in series. The catalyst
component may also be added to both reactors, with one component being added
to a first reactor and other components added to other reactors.
[0219]  In one embodiment, a continwous 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 guench tank.

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



transfer surface. Another exanple would be a reactor where polynerization
takes place on a noving belt or drum where the diluent/nononer/catal yst

m xture is WD 2007/ 061596 PCT/ US2006/ 042647 64 sprayed onto the belt or
drum and heat is renoved by evaporation of the diluent as the reaction
proceeds. In addition heat nay be renoved in such reactors ba/ surface heat
transfer (3RHZLIMere the coolant is present on the iHMIEFRIEM%PBHe drum or
under the belt and the polyner is prggduced on the other side of the belt or
drunm). Another type of reactor is a jet or nozzle reactor. These reactors
have a short residence tine where the nonomer, diluent and catal yst system
are conbined in the jet or nozzle and the polynerization occurs as the

mi xt ure padeewsnize piopergssembey g rpeation: Thegonctos e preferablpdesigpedite tar nore
reactors i [ . -\ I; ' [ ntion. Catalyst
corrponent(sEﬁ %ﬁgé%ﬁ{/mﬂa%%f%%ﬁﬁ{enpl o‘%g%lé&e‘rrﬁilﬂnggggéééﬁo\l} réé(g as a solution or
slurry, ei tiimdulesemaroas el withiniheheat trassféraubes actdils and dnoughlfiumeflgwust prior to

t he reactor, or activated and punped as an activat solution or slurry
Lotthe T odtuonpoRh e Rert e A B RS A BoR R | Vit el el e
For i nf or mathPitionFenE @Rekntt 0 i ntroduce nultiple catalysts into reactors,
see US 6,399,722 and WD 01/30861 Al . While these reference may enphasi ze
gas phase HOE® or b apoiber epbedimeni Ridhedavcntiph adeastes carsbkiofy applicable to

ot her type : i i I j lal reactors, slurry
| oop react ?@%S@%h@ﬁ@ﬁd@@%ﬁﬁ%ﬁ %%F%oﬁgab%?é{gasf rg’lgé%%c?kﬁt in either

si ngl e r eadenin mpapakicd by réferends is sado doreeetor [mopompaldar s empdated in/st / act i vat or,
scavenger, .and tiqnal j fiers are added continuously t.o a single
reactor or %regcg&iaé@c%%ec‘f ¢ R r?rHﬁ‘@ﬁmep X8R omponent s are
added to eqoi1pf tTR obder GDERNACHRCO ERnGAET TR @fdain|\casatyst, @ditiatdhe cat al yst
conponent maégal so be add,eglreto both reactors, with onponent bei ng added

to a first *E4Lyes manbe gl -éﬂﬁﬁ%%?ﬂ@“%dgﬂmf%t%ﬁﬁ‘g%“ﬁ%%&?ors. [0219] In

one enbodi '}E&Eomﬁe;?eﬁ'ﬁ?! QY SogbfbBMin e deleBidd T fo¥ Rres @il Rodr Used.  The
reactor is generally fitted wth an efficient agitation nmeans, such as a

turbo- m x e tigie ranging fram 0§ secand @xli0donms) anddban ingugckediRte aand/ or i nt er nal
cool i ng t URGS:, ARMeAlo ol B64z1 Sctfdh ﬁf‘a%}{é 9 yLiGodgat of
pol ymeri zat on to mai ntai ngh%%al%%5| rzee'(]ﬁr%@acl?’l § terrf)ergt ur%, i nl et nmeans
(such as i rembpdipiept sjtalfysiandriedmbater, are added to the reactor separately. In

another embodiment, the initiator is blended with the feed monomers before

injection to the reactor. Desirably, the monomer is not contacted with the catalyst,

or the catalyst combined with the initiator before entering the reactor.

VIL Polymer Productg
A General Polymer Products

[0222]  The polymers produced by the process of the invention can be used in
a wide variety of products and end-use applications. The polymers produced by
the process of the invention include linear low density polyethylene, elastomers,
plastomers, high density polyethylenes, medium density polyethylenes, low
density polyethyienes, multimodal or bimodal high molecular weight
polyethylenes, polypropylene and polypropylene copolymers,

B. Density

[0223]  The polymers produced accordjng 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



di luents and catal ysts (conbined or separately), tenperature sensing neans,
and an effluent overflow or outflow pipe which wthdraws pol yner, dil uent
and unreacted nononers anong other things, to a holding drumor quench
tank. Preferably, the reactor is purged of air and noisture. One skilled in
the art will WO 2007/061596 PCT/ US2006/ 042847 65 recogpr}ic_}_ze &r@%@ assenbl y
and oper at iVod200T7P@3%%eact ors are preferggbly designed to AR 3 od m xi ng
of the catal yst and nononmers within the reactor, good turbul ence across or
wi thin the heat transfer tubes or coils, and enough fluid flow throughout

the reaction volune to avoid excessive polymer accunul ation or separation
fromthe dil (kb7 go2B@]somn appligetings. asiepddrimterange of femiSPeciton, a reactor

capabl e of i | ) .S j sclosed in
OB 5. 417, 09020 Y BrEC A S, A p 5003 ety P20PCT i

i mpel ler is enbiinyadendty it the range of foism 8930 gan td@IEN g/tdie preferrednPomg vari ety or
t he down- punpi ng variety. 22 he or.der of contagt ] t he nononer

f eed- st reamn'?%gﬁlls%?‘ﬁy‘%?fﬁﬂhgq ‘(‘?‘r%r glgh‘%fp[i?al“ﬂ’ésﬂf‘ dﬁ‘ﬁ%ﬁgégﬂ?%{?ﬂ 8 In one

enbodi ment, Qo bRL id PERFe® Ve B eRiurdl iR acdHr®nEORRh RXEM AMhéd Xi ng t oget her
in the selected diluent for a prescribed anount of tinme ranging fromO. 01
second to 101A%urs, and then is injected into a continuous reactor through
a catalyst nozzle or injection apparatus. In yet another enbodi nent,

catal yst andGhe | niM‘iﬂaﬁtﬂJﬁfVﬁﬁiéltamﬁkhlwdmﬂﬁ’eighbﬁ@ww@bpar ately. In another
enbodi nent, the initiator is blended with the feed nononers before

i nj ection tol923d] r edbe pelymBespirodabtd/y théprooesmofitbe riventipatcacbmt act ed with t he

catal yst, or_thecatalyst. . in with the jniti r.hefore entering the
reactor. Vi1 c?%‘&%%%eo‘&&ggrs@ﬂoc LY Qptpg dy%%lfé"g}?rgvof’fé?s [0222] The

pol ynmer s pr odistibatiteys. Mislequi0 oeizhts@iveightaveayembleoaowsighéugeni in - a w de
variety of prodycts and end-use, | ications., The pol [ S oduced by the
process of tﬁﬁmﬁ?‘f\?‘@?ﬁig%?}o ﬂ&#&é%gafm%ﬁﬁ%%%@ﬂegma%%ﬁ&m

el astoners, 180 8&t ERBISion DinGhatheRsh ISEMRLYIEEAMBIES (fer¥REH] WiR0@RsS| t Y

pol yet hyl enes, | ow density polyethyl enes, mnultinpdal or binodal high

nol ecul ar weilfisk detagipr BRI}, aw prliie 103 pygle bgh) seatering(@-A345) peterisriaeha copol yners.
viscometer (VIS). The details of the detector calibrations are described by T. Sun,
P. Brant, R. R. Chance, and W. W. Graessley, Macromolecules, Volume 34,
Number 19, 6812-6820, (2001), and are incorporated herein by reference.

[0225] In an embodiment of the invention, the polymers produced have a
molecular weight distribution (MWD), which is defined as a ratio of weight
average molecular weight to mumber average molecular weight MWD =
Mu/My), of greater than 1.5, preferably from 1.5 to about 70. In some
embodiments, the polymer has a My/M,, of at least 2, preferably from about 2 to
60, while in other embodiments the polymer produced has a M,/M, of at least 5,
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.



B. Density [0223] The pol yners produced according to this invention can be
produced at any density suitable for the appropriate end use. In one

enbodi ment, there can be produced ethyl ene based pol yners having a density
in the range of from 0.86g/cc WD 20071061596 66 PCT/ US2006/ 042847 to 0.97
g/ cc. For sone _’zgllcatlons a density in the range of fromO0.88 glee to
0.920 g/ cc MOPVELPSed while in other applications, su®RTEHS208$/48847f | m and
blow nolding, a density in the range é)/f fromO0.930 glee to 0.965 g/ cc is
preferred. For |ow density polynmers, such as for filmapplications, a
density of 0.910 glee to 0.940 glee is preferred. Density is measured in
accordance with ASTM net hod 1505. C. Mol ecul ar Wei ght and Mol ecul ar Wi ght
Di stribution}.02241 Biher Mokiivied: Pplyodsced by t he process of the invention
can be produced in a wide variety of nolecular weights and nol ecul ar wei ght
di rsﬂt:) ributi onqozzlvp: eqmllaﬂdﬂlmm hdhﬁae(m)a‘iﬂghmvmmﬁ,?bepmlnhaqmd:md edmsibght (Mv) and
nunber average nol ecuyl.ar wei Vh are pre y determ using a
Waters 150 ﬁ%@@ﬂﬂé‘iﬂbﬂe p@ﬁ@ﬁbgﬁ%@hoﬁ%ﬁﬁﬁm‘éﬁﬁ ﬁ%(é di fferential
refractive %f BRIPBRLRE hisRb bor mBR \?ae‘lw@ﬁoéégww%wh%réﬂ@mvescat tering
(LALLS) det ec r and a VI sconet er he details of the detector

cal i brati ons skopes, mfbmelwedlownﬂectl&momfsl@n inflention point is thatprintdhereand W W

G aessl ey, I r..%9, 2001), and are
i ncor por at ed esr%%%?'g HLE%’ e?@ngﬁefsﬁﬁ‘g ?trgl é’ﬁﬁlgr%%g'ﬁ]r%f%%ﬁgag he i nventi on,
t he pol yners ope pﬁhmedldpa,vcﬁwaegaﬁné siopd, atic mﬂe@bﬁ pélinsdndiarhéngedn kML) , which is
defined as a rat.io ht . avera r_wei 0 hunber average

mol ecul ar Weipﬁﬁbw( rnega%frqm gr?ﬁieq'é}i‘ag‘gpﬁ tt&paﬂogbg%r?)ﬁxgﬁl@nam y from1l.5 to
about 70. In (5528 qah@aemm&@engtm@smhﬁpﬁhmgpas;ﬁwmpeqfneat | east 2,

preferably fromabout 2 to while I'n ot her enbodi nent s the pol ymer
produced has ﬂﬁg‘WIVWIRPe Bﬂe’é‘ﬂ@t@a@%aﬂd@ﬂ@ﬁ@% \P qrgws ddereb8 180 50, In an
enmbodi ment, &%é rab driyRat aft ARSLQWLTRIGMEar wei ght
di stribution ang osi tlon |str ution, and vice-versa, such as

t hose pol yrrerssnﬂsegumm’epblyﬂﬂtﬂﬁtanﬂaﬂsanddheﬁmmméﬂghtswn!@@ﬂlpdﬂaﬂed herein by
ref erence. %%E&ml?ﬂ%ﬁ‘%&%oefﬁ&%dko%%tpolyni%‘%1 c?u|e¥1§)| efin produced has at

| east two
{0229}  In a particular embodiment, bi-modal polymers are produced having a

density of 0.93 to 0.96 g/ce, an MI (I;) of 0.03 - 0.10g/10min, an FI (I5;) of 4-12 g/
10min, an MFR (I2;/I;) of 80-180, an overall Mw of 200,000 to 400,000, an
overall Mn of 5,000-10,000 and an Mw/Mn of 20-50. Preferably, the particular
polymers have a low molecular weight fraction (~500 —~50,000) having a density
of 0.935-0.975 g/cc and a high molecular weight fraction (~50,000 - ~8,000,000)
having a density of 0.910-0.950 g/cc. These polymers are particularly useful for
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 wi% of HMW than LMW wt% 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 miltion, 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 wi% > 1MM divided by wt% > 100K.
100,000 was used as an approximate means of dividing the total MWD inio a



speci es of nol ecular weights. Preferably, both species are present at
greater than 20 wt% based upon wei ght average nol ecul ar wei ght. WO
20071061596 PCT/ US2006/ 042847 67 D. Bi- or Milti-Mdal Polyners [0227) In
anot her enbodi nent of this invention, the polynmer produced is bi- or

mul ti-nmodal (on the SEC graph). By bi- or nulti-nodal Lhe SEC
graph of tW® %YW has two or nore %gsi tive slopes, ?&gﬁgzr{%%?%ﬁnegati ve

sl opes, and three or nore inflection ints (an inflection point is that
poi nt where the second derivative of the curve is equal to zero) or the
graph has at |east has one positive slope, one negative slope, one

inflection peyt (hekndetilaR@Sht)hnd DETWRRH Mol iAREiDE) rBgig8t Thie sl ope greater
t han 20% of the slope before the change. [0228) In one enbodi nment, +he SEC
graph has orfetiqpgikgsta sitapls buisensitiisdndientign of the relatiyp amowef herveRdigion poi nt and
an Mv M of r&&lec%ar%{g?u p%E'@%ﬁrtﬂebﬁMV}%gioﬂrofﬁﬁrﬁWﬂDﬂ% ﬁéﬁxfegr abl'y 20 or nore.
The col unms ‘are cali b ated y running-a seriés of ndrrow pol ystyrene

st andar ds armghbbbienenndfahepaiymendiagihe prefered ramk ofitveiighitheragsi nago Mar k Houwi nk

coefficients t.he pol r.Jin question. 229) .In rticul,ar enmbodi nent,
bi - nodal pol(y#g{)smgheégﬁf‘ﬁgﬁ%l sﬁ}%‘pl%?)gpragraabﬂggq%ﬂgplgb *$NF 296 g/cc, an M
(12) of 0.0302300. |m@Hdther@RiboMimert)a bimdddlddle@flardvelght Bblymddigi n, an MFR
(121/12) of 80-180, an overall Mwv of 200,000 to 400,00 an overall WM of

Q,
5, 000- 10, 00 redvgedhavingadensity of§98 do 0.87 eFeratl(l) phR0PafSi #mE pol yrers
have a | ow npl b : } , { densi t of
0. 935- 0. 975%@@19‘2%1%&%%@'&&%%35ta[ $‘£*&‘§?’3%?‘3?§”§§??%89?‘?"5%‘%%0 - -8, %oo, 000)
havi ng a den$01090,aft Mn 601501-HgWM0ghd en Mitiiaef poid9nEhese gokymemrard cul arly usef ul

for filmand_pi e iall .or PE-100 pipe l, Lons. The nol ecul ar
wei ght di stpﬁ“%h‘@.ﬁBH‘%@Mﬁ“}"&’é‘j‘%@&gﬁ%‘ § P%%Sesﬁglgdagi’g%@%on chr omat ogr aphy
(SEC), can dxhibitdigpriwmt StrieESCR (aavifonhienmidalessidrick irésstgmeegr am | n one

enbodi nent, th ol r has wel ght ratio of. the hj lLecul ar wei ght (HWY
fraction to Heﬁfg“?"’g‘&\%%hég‘iﬁx&?e eé’ﬁﬁ“{‘@ﬂﬁﬁ“ﬁ’f‘ﬁ’&?‘?‘tﬁﬂgg})ﬁ%‘?gﬁhﬁg from 20- 80
to 80-20, ny&w mididel BoMBE tind ER1% R tyHlcdl il Blbpa MEWhIvRES preferably
from40-60 to 60-40. A higher wt% of HW than L Ww%is preferred. The SEC

curve can berefgiredraer a ianslugond dinish ofprimogad FEBHE of Wt % 1MM which is the

wei ght percent of the total i
E. Composition Distribution Breadth Index

[0231]  The polymers of the invention may have a narrow or broad
composition distribution as measured by Composition Distribution Breadth Index
(CDBI). Further detaiis of determining the CDBI of a copolymer are known to
those skilled in the art. See, for example, PCT Patent Application WO 93/03093,
pubhished February 18, 1993, which is fully incorporated herein by reference. In

) some embodiments the polymer produced may have a CDBI of 80% or more or

| may have a CDBI of 50% or less.
[0232] In one embodiment, the polymers of the invention have CDBI’s
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



MAD t hat has a nol ecul ar weight greater than 1 mllion, and wt% | OOK, which
is the weight perecent of the total MAD that is greater than 100,000 in

nol ecul ar weight. The weight percent ratio is sinply wt% 1MM di vi ded by

wt % | OOK. 100 000 was used as an approxi mate nmeans of dividing the total
MAD into a WO 2007/ 061596 PCT[ US2006/ 042847 68 |- MN (hi rml ecul ar wei ght)
and LMW (I on? ARG wei ght) region,This ratio gi ve%cq%’l

sensitive indication of the relative anount of the very high m)l ecuI ar

wei ght species in the HWregion of the MAD. The prefered enbodinment of the
pol ymer has the preferred range of weight percent ratio (WPR), higher than
10 but | ess desari G4, us@r Bfoac ambydihegthe polinacrs bbvenmell mdex Midor @5, [0230] In

Gensi 1y of csanspiresbeRSIPER R e dmecr a0 g debat b IPpgRE an Fi (115
of 10-40 g/ r%@r@iﬁ‘afeﬁﬂl I‘ﬂ%ﬁs{bbatlddn?ag/ﬁfnté(ab&@@oo@glmMNeﬁa‘mﬂ&Q 000 to 500, 000,
an Mh of 8,000 000" and Mn/ IVh . These polyners are

parti cul ar | yprefesbiy frar abay 8@/1 #ﬂm wgeba\yp‘roldgénmoa@émorrm@rabmmr pol yners
exhi bit hi ghab mh§%drupexceec}6%%lﬁonmm al stress crack resistance)

per f or mance, he “per f ormance of uni nodal HDPE. Al so, the
bl ow nol ded 6234]| eslu anbtierastodimenndf thy piverdiohythb palpmens h@rmaequeltfi ni sh, which

is preferred over. sl ucent fi ni Conposition

Di stri buti on &P ﬁ‘*‘?lﬁ X SO %@gﬁ%ﬁéﬁg%ggw Es'ﬁ n may have a
narrow or brwﬂmrﬁ@-@ﬁ% ﬁ(ﬁﬂaﬂjlﬁﬂstohggsltngs measur ed by Conposition
Distribution Breadth In (CDBl). Further details of determ ning the CDBI

of a copol yni¥#3¥re FWM@S°ﬁth@)§’éf°1§19|nlulleﬂfefWeflﬁ@b%ﬁlmeﬂ@é@aF‘SF exanpl e, PCT
Pat ent Appl i d 9fo @%&Q xbﬂh'ar?f‘ﬁ% e gatcr]t]?zgleﬁo which is fully
E T ence.

i ncor porate ereln In sone enbodi ments the pol yner produced
may have a G@Bnmi"ela@%@iygxmtgtlmMOmllehmompfﬂthmereS@ﬁ/&l@msw ess. [0232] In

one enbodi nent t inventio glé)B eraIIylnthe

range of grea e ospﬂrg%g%ﬁfﬁer%/%ged?g?o eéﬁinymgw}? pr E?ﬁaﬁﬁ%ﬂ t he range

of 55%to 85i%zemndhmmmﬁﬁé@kﬂr)wefgh?/ditsmb&%anduafbadmompmt&mer abI y greater
0 )

than 60% Stélsmbl(lat\l/o%norg}%:legr Le J?agn% el,symc(‘iudee%(?sre prglr)]nzill&‘st’z\lgséoirlbf:c{1 m%?gt her

Patent No. 5,798,427, the description of which is incorporated herein by reference.
G. Tacticity

[0236] The term “tacticity” refers to the stereochemical configuration of a
polymer, and the properties of a polymer having side chains are affected by its
tacticity. For example, adjacent monomer units having side chains can have either
like or opposite configuration. If all monomer units have like configuration, the
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”
(r). 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



enbodi ment, polyners produced using this invention have a CDBlI |ess than
50% nore preferably | ess than 40% and nost preferably |less than 30% F.
Melt Index f Q2331 The pol yners produced by the process of the invention can
be produced according to a desired or predeterm ned nelt index, depending

upon WO 20 Q,PCT/ US2006/ 042847 69 desired end u §:y
enbodi nent %é%@@gﬁa?ﬁ;\ers have a nelt index (M) or (12) ?@ygésﬁ%e%ggsd?r ed by

ASTM D- 1238-E, in"the range from0.01 g/ mn to 1000 dg/mn, nore
preferably fromabout 0.01 dg/mn to about 100 dg/mn, even nore preferably
fromabout 0.01 dg/mn to about 50 dg/mn, and nost preferably from about

0.1 dg/mn to about 10 .dg/mn. 102341 | n anot her enbqdjfsent of the
i nventg'.J ion, t VlB%WF?éP%‘“%f\;’]éﬁﬁe ﬁ@%guoup H’(‘.?B?(m?ré’tnf%% 4 f?ﬁ?‘i’g@erﬁ PB4 s measur ed
by ASTM D- 1238sskhititets: hineih, 0min®, rn@s SminhofrmaASimiRhenpiref @fraliy from about 15

to |l ess than 25. 02351 The polyners of the 1nvention in a preferred
embodi nent h&yENaAgempletsly siadiotastic polymerrwand hpve pl ranpeptads. #dler t han 25, nore

preferably gr : ; r abbatond0, still
even nore pr é’?@?@%?’@l@‘g‘%é‘gg’g%’ﬁgﬁ“gg‘%ﬂ nost 61¥ae e(rﬁ<'?i"lt)fb§/J %L?eaotner t han 65.
I n anot her ermhobk datertninet oy ' Jbhucteer magnetitiesoniancespedtoncadpyes deseribedow nol ecul ar

wei ght distri.bution and, a 5 onpaosition , di,strl i of Vice-versa.
Beanpl es | nottieaerolaists ShERS SRR Ml eey @ e SBIBN R, V5 Tonon57. the
descri pti on @éfershides bitédsthéreimo Fapmafeanoligdtioh Bn Pylyinef geeshemistrGsedacticity
(0236) The termtacticity" refers to the stereochem cal S}%gnfi guration of a

pol ymer, and & %139, Besplped Fpymeriggiopnnd sdlioniypees Y- B4 are affected by
[ts tact ci (3o RYANDk Bucd ShRFERCATRNATRCH ing (RBIIcRG opile chai s can

have either [1ike or opposite configuration. mononer units have |ike
confi gur at i onnventin at yatignyigvelsof tictigtya Exhroples efisughipalpaers inebde Aesticuni t s have
an alternati £ gu I i I i Lguration continues
al ong the enlr“lr'lg 98&88‘8%‘ %&n%?a%%ﬁg?lﬁgﬁﬁ%gbo yﬁ%)?&ﬁggﬁ&;@ﬁg@%%%%tl c." If the
confi gur at i opolypropplens@rmixtunesttbereaf praincirhy using two bymere differémat actic. " Wien
two conti guous a . "diad, ! .have tglclaepsozi\rre confiequr ation, the

noner _unj.ts . ,
diad i s cal | GPROEHEE PRCtse O B ipverpiy: Oer ropyleni poiyiters iefud
propylene block or impact copolymers. Propylene polymers of these types are

well known in the art, see for example U.S. Patent Nos. 4,794,096, 3,248,455,
4,376,851, 5,036,034 and 5,459,117, all of which are herein incorporated by
reference.
[0238] In one embodiment of the invention, the polymer 1s polypropylene that
is highly isotactic, readily forms a crystailine structure and has excellent chemical
and heat resistance. In another embodiment, the polypropylene made by the
 process of the invention is highly syndiotactic. In yet another embodiment, the
polypropylene made by the process of the invention is characterized in that it has
low Ievels of isotacticity and/or low levels of syndiotacticity. In a particular
embodiment, the percent of pentads having mmmum 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 mr 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 good elastic properties.



When the nononer units have opposite configuration, the diad is called
"racemc" (r). For three adjacent nononmer units, a "triad," there are three
possibilities. If the three adjacent nononer units have the sane
configuration, the triad is designated mm An rr triad has the mddle
nononer uni I n opposite configuration fromeither neighbor. If two
adj acent nnﬁgﬂ§¥hﬁ%??s have the same configuration andPFTUPRM4EHr ent from
the third nononer, the triad is desi gilated as WD 2007/ 061596

PCT/ US2006/ 042847 70 having nr tacticity. For five contiguous nonomner

units, a "pentad,"” there are ten possibilities: nmmm mmm rtmr, mrr,
nmm rnrr, nr, trrrr rr,, and mrrm A conpletely syndiotactic pol yner
woul d have atl nrrpﬁbﬁﬁﬁhg?dﬂhile a conpletely isotactic polynmer would have

Il mmm . Th fi tion, be .det ernjned by ,13C nucl
magnet i o edahce 15peaoPE AT HERRLER B LB ORI 6 687 (1975)
and in Macr @ﬂ@&ﬁ&:ﬂoﬁﬁle@. R Lk Bp Dk adPls of TheR hENERS ifdiiRink&aswi n. For nore

informati on on polyner stereochem stry, see "G Odian, Principles

of Pol yrer i z&ensish polyethylentisprashicedayecnvaniong gieglerdfite and/piinti] Propyl ene based
pol yners ca _ 1.0 fa thi ' j at various

| evel s of tz%@ﬁcnlq{t@ﬂ)%@g%p esg’ %&%ﬁ%%ﬁﬁ%ﬁf%@h@?sﬁﬂggp %{(I:t C

pol ypr opy! empelycthglene highdemsity pplyothylerssepoliyeopyiinsotmsiche keand syndi ot acti c

pol ypropyl ene or m xtures thereof produced by using two or nore different
catal ysts i@ the pisgptiraeof this invention. O her propylene polyners

i ncl ude propyl ene block or inpact copolyners. Propylene polyners of these
types are \&340] knawe fiids 15rh&m&dﬂusiﬁ§%eb@l@zm@9§®ﬁ'ﬂﬁ£inbhrﬁ| I D?Bashte@ﬁgd Nos. h4, 794, 096,
3, 248, 455, 4,376,851, 5,036,034 and 5,459,117, a o] ich are herein

i ncor por at e&PWm?eéfr%P%W‘c“e.%“ preempdiment the fms baveAdRY 85FCORKEY i nvention, the

pol ynmer is RedyHa0P¥bdMRzd R gloss ST (FBkedted SABRThéR, 2 1 AU .OWifor ne a
crystalline structure and has excel l'ent chem cal and heat resistance. In

anot her enb&diSpmhfilm tsipeoduotd/thatdiey b dbiegloma #€ 7 by mpreepreferabliek er méret he i nventi on

by the pr oo ueegpin ASRER Fiss” ROt ERbrElRakgRG ne (LB RREP) OU°) TUET

of isotacti eiZsumpngl DHiazé 6779 SN, SréibrablyTdiodled€dsi hdabired bPABTIED i cul ar
enbodi nment , 15613e pedgtgzer}jtk of pentads having mmmm configuration is | ess than
, condition A. _

1 Articles

{0241]  Polymers produced by the process of the invention and blends thereof
are useful in producing any variety of articles. For example, the polymers are
useful in such forming operations as film, sheet, and fiber extrusion and co-
extrusion as well as blow molding, injection molding and rotary molding. Films
include blown or cast films formed by coextrusion or by lamination useful as
shrink film, cling film, stretch film, sealing films, oriented films, snack packaging,
heavy duty bags, grocery sacks, baked and frozen food packaging, medical
packaging, industrial liners, membranes, etc. in food-contact and non-food contact
applications. Fibers include melt spinning, solution spinning and melt blown fiber
operations for use in woven or non-woven form to make filters, diaper fabrics,
medical garments, geotextiles, etc. Extruded articles include medical tubing, wire
and cable coatings, pipe, geomembranes, and pond liners. Molded articles include
single and multi-layered constructions in the form of bottles, tanks, large hollow

articles, rigid food containers and toys, etc.



40% preferably nore than 2% and nore preferably |less than 30% In yet

anot her particul ar enbodi nent, the percent of pentads having rrrr is |ess
than 75% preferably nore than 5% and nore preferably | ess than 50% At

| ower levels of syndiotacticity and isotacticity, the polyner is

predom nantly or even conpletely anorphous, generally I ng point,
i s gener al WP 20074858%r ent and fl exi ble, and has good erggiﬁiég%&g%grties. VWO
2007/ 061596 PCT/ US2006/ 042847 71 H. Hel ymer Bl ends (0239] The pol yners of
the invention may be bl ended and/or coextruded with any other polyner.
Non-limting exanples of other polyners include linear |ow density

pol yet hyl'enes produced via conventional Ziegler-Mitta and/or bulky Iigand
met al | ocene §843) ysiThe fibhamatedfomnediiyasy oftibe sonvantmaljedwmuesknonw densi ty

ol yet hyl ene L gh.densi t ol yet hyl ene . | ! e like. 1.
Rpp)éar a%ce [&%B%W@ﬁﬁgl%g%ﬁo ogodg’éﬂwﬁg’iﬁﬁﬁ%g{%ﬂ?%%rééglg%%s?ﬁgh?ge i nvention
have good afipgafagbe ebtainedby the €at filloraubal-e plyeeds whidh, miyte Hildwa byave a | ow

gel content and/or have good haze and glos%. In a_greferred enbodi nent, a 1
mil (1.0 mi| OBentEiondng upippighdirecton o ifte TRHURLYPEPeRdABIISEOns 1 7 or nore,
preferably 8aRuimRbEhe il tBE SMEES dierd® LR 20t Ry Righed enbodi ment
the | ml film(1.0 ml = 25nm has a haze of 75 of less, preferably 70 or

| ess as neas sanexciapASTIIDITEH08 or mwen e toi biferpnt e3teniar Pargitwerly 0241] Pol yners
produced by the praocess. of.the inventi.on . and. bl ends thereof are useful in
produci ng an regeé‘lr%fl&ey ogf %afﬂ“l‘%eé'gi&%fgrlmg)@ﬁ%}%{,uﬁ?g%“ﬁ% f?rers are useful in
such form ngcofausén ansblagnbt tan filahi@et , and fiber extrusion and co-

extrusion as as bl ow no] dj.ng, |njection nolding and .rotary nol di ng.

Films incl ugg‘e‘%ﬂ ow_iF‘ W%%@L?‘{‘Iﬂ%@ t*'%f’ﬁ\%‘ﬂe%{} tl};d%ggppg%}s&pdgpt%§ | ami nat i on

useful as sk B et lafokwinf tHelaktMFoStiliipplicdtiohd thesRIndAdofithd M5, oriented

films, snack_ packaging, heavy duty baglsr, lIgjrocerggisacks, baked and frozen
8¢

f ood packagi Hyentipaderain Lipwbiesd frag abpy qua 100 dgfmns profesaidy BA8s, etc. in
f ood- cont act = t Aot | | i | mel t
spi nni ng, sol ut ?%?@ﬁﬁﬂfd%ﬁ@,ﬂ%ﬁﬁy?ﬂ%}f%% ??%2‘1;) ol 26 ik E‘t?hé?ﬁi&

I;; is measured by ASTM Method D 1238.

f0244]  In another embodiment, the polymer of the invention is made into a

molded article by methods known in the art, for example, by blow molding and
injection-stretch molding. For molded applications, the polymers of the invention
have a I ; of from about 20 dg/min to about 50 dg/min and preferably from about
35 dg/min to about 45 dg/min.

[0245]  In another embodiment, the polymer of the invention is made into a
pipe by methods kmown in the art. For pipe applications, the polymers of the
invention have a I, of from about 2 to about 10 dg/min and preferably from about
2 to about 8 dg/min. In another embodiment, the pipe of the invention satisfies
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 lbs/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 firther contain

additives such as slip, antiblock, antioxidants, pigments, fillers, antifog, UV



operations for use in woven or non-woven formto make filters, diaper
fabrics, nedical garnents, geotextiles, etc. Extruded articles include
medi cal tubing, wire and cable coatings, pipe, geonenbranes, and pond
liners. Molded articles include single and nulti-layered constructions in
the formof bottles, tanks, large hollow articles, rigid food containers
and toys, eYO 20%®6¥8071061596 PCTI US20Q6/ 012847 72 [ 02BOWUINE/ MAs nmaybe
formed by any of the conventional techniques known in the art including
extrusion, co-extrusion, |am nation, blow ng and casting. The filmmay be
obtained by the flat filmor tubular process which may be foll owed by

ori entation istabilizersiiaatstats, pdlytee picosssiag aids) newtiliners, hebiricyntpenpdatiisc ul ar

directions in, the plane of the filmjo_.th me or,di fferepnt .extents.
Orientation MESPHE ‘5)}'85 F?f’e““cgcéﬁ%g ae%??t@n%mfeﬁe‘g?ff s idus Fﬁ’ﬁfgono‘ﬂo’?’rgir be to
di fferent exipnhdic siig, ittt tloXide PobfdafidtRekilRid0ckcike fiB6Rd, BRtapol ymers into

filnms include extrusion or coextrusion on a blown or cast filmline. 102431
I n anot her erfisa@iehsalciun fearge | 2jnestearsie, taire Bat{Je figtogricsays fle™@hto a  fil m by
met hods kno ' Lk ' ' ; t he
i nvention h\gﬁ\‘}aellbg&}lﬁlpgf’ ﬁ% ﬁegﬁglp Efq'!ridc])?rln‘ae'g’gl?!3)4’13’t%CZJ iéctﬁf?gg%ﬁttere%oﬁgcg?%r%? preferably
from about 2esims, giwsbetadsandithe ke, Tirradditwesengyrtefpersatyl iy tHertymieadlbout 2 t o about

30 dg/mn. 121 .is _neasur by ASTM Met hod 38.. [02441 |.n _anot her
enbodi nent, £ 8°nb’8f’"§‘f’?gﬁs ‘8?19}‘1?%“1 ‘ﬁ&éerﬁ“i’ f‘)‘f‘fgi"%gpriﬁ % %%%%I&ngl&e% article by
nmet hods know0a4s) t hahapblymbRiof ehedifihtion MYy B Hded hili/fiGoditehided with

i njection-stretch nol di ng.. For nol ded applications, .the pol yqers of the
i nvention hateoterpolymsr. Negshiung sramplegef/ofien pplyrostsdpaindsdingd /Y n and

preferably frd@ﬁﬁt??@l%mylééfsﬁﬁlﬁi:& ﬁ&ﬁ?%ﬁ@%ﬂéfﬂwm ah@SARlkyl N anot her

enbodi ment, the polynmer o e invention is le into a pipe by nethods
known in t he ligend metaflocesieratalysisi ¢lasarmern plastomersphiply prspsyredpwidagsityi nvent i on have

a 121 of fro ' fromabout 2 to
about 8 dg/ %%ﬂ%’é&zﬁﬁgﬁé‘?’%ﬁ%ﬁ?‘#@%{@ é}‘r@?‘g)lygergg%gdﬁﬁéemfehventi on satisfies
| SO qualifi CQ}#IOI’IS, Po%uari?et h&er enbodi nent, the present invention is used to

make pol yet ene a predicted S-4 T, for 110mm pi pe of | ess

E Ihgg -DI5 g’ P r[&ic@f ab lPlezozIer Ilar%%gcttt}pa%‘pea\}e]s'%% e for TRt S Ak %];a% 'g}lbslygtellnes s than -40C
comtains entrained material that should be separated from the polymer. Included
in this polymer product are unreacted monomers and undesirable hydrocarbon
inerts of the reaction process. Also included are any diluent and/or solvent
materials that are not reactive to form desirable polymer, and are especially
problematic with regard to removal and/or recovery.

[0250] A substantial portion (i.e., a majority)} of the polymer product is
separated from the non-polymer product by sending product effluent from the
polymes 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}  Inonc 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,



13477/ ASTM F1589). [0246] In another enbodi nent, the polyner has an
extrusion rate of greater than about 17 |bs/hour/inch of die circunference
and preferably greater than about 20 |bs/hour/inch of die circunference and
nore preferably greater than about 22 |bs/hour/inch of die circunference.
[0247] The objects produced (such as filns, pipes, etc)pdfysbddfoier contain
addi tives SIR ooggslgsﬁsi p, anti bl ock, antldoxidants, pi gmengt S, |6I l ers, antifog,
UV WO 20071061596 PCT/ US2006/ 042847 73 stabilizers, antistats, polyner
processing aids, neutralizers, lubricants, surfactants, pignents, dyes and
nucl eating agents. Preferred additives jnclude.silicon dioxide, synthetic
silica, ti taasm di dRiagarticpiar V%?%?%I@‘Wﬁ%ﬁm Wﬁﬂﬁaﬁ_ﬁbonat e, netal
stearates, Cahgbiiml SEEA Mréicted mﬁoﬁe@?@s&rboﬁl%ﬁm&dﬁ&%diwanamﬁaceous earth,
wax, carbon black, flane retarding additives, | ow nol ecul ar weight resins,
hydr ocar bon as&vpmmateddiydwsarbermidsecareted fiem aipelymenthation desciongcesly be present

in the typicall ffective anmpu i éng - as 0.001
wei ght %to fﬂdg\%qtg%%p%mafﬁcfng'gﬁﬁ%l{e en%?%\%ofp%% e f%é‘éﬂ?”ogﬁe%naybe bl ended
and/ or coext riigiads wipige sasidm o Vesdel, polry preferabNoapurpabihj ang tlexpaigrees of ot her
pol ymers include linear |ow, densjt ol yet hyl enes produced via conventi onal
Zi egl er - Natté‘_“gﬁﬁfPE)‘Pt EtEayned m _a%/Fe{z’ﬁﬁtPé‘Eeé%‘égeéﬂftﬁrﬁygﬁ MOREESt oner s,

pl astomers, higioRi&ss Wel iﬁﬁﬁ%ﬂﬁtﬁé?ﬁr&e sYRRIY B (phide @D Brive Hud the d8idihddy

pol yet hyl enes, pol ypropyl enes and the Iike. VIIT. Product Recovery 102491
Pol ymer ~ pr odusatenigig therebafermingrepurgsastiean, whirh isgecoyered fremdhd mwgssy st em

contai ns ent rs?%}t@nﬁd mat eri al that should be separated fromthe pol yner.
Included in I's pol ymer product are unreacted nononers and undesirable
hydrocar bon [0283]t s Kftrained, moegotymenpodoc estarialhstos sepataigdend ar e any di | uent
and/or solvent materials that are.not. reactive.to form.desirable polyner,
and are espedFPEVFY? 247 BEER HEED @ﬁPP%’&ﬁHOF%?}SMSTgPYm& recovery.

102501 A subSkpatitedintdd@iipofdht fractidns o plajalfyl df yireadls ahih €ach@aytidrorpr oduct is
separated from the nan-pol ynmer product by sending g‘réoduct effluent fromthe

pol ymer r eactSHFamR StorpdpisEyriasor rapay§d a2 woks sprifrEn 56 FYF¥REE 2% ecovery systemii s

BPZ; 2&'?2 by CplopRAtE! NG FreféREd BhddiREntRAE AIFBAGISMMAHEL Rfark@IRRS At UT €,

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

[0254] Separation of the purge stream into a plurality of streams, and recovery
of those streams, can be accomplished by use of one or more separation systems.

! ' In one embodiment, a mix of polymer, catalyst, unreacted monomer, diluent and
hydrocarbon by-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 fiuorinated 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 matenal that is enfrained 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



vapor-1|liquid separation systens, and purge systens or vessels. [02511 In one
enbodi nent, the pol yner recovery systemincorporates the use of an inert
gas to purge or scrub out undesirable entrained material fromthe polyner
product. The inert gas is a conposition that is substantially non-reactive
wi th the pol yner Eroduct, and can be used in sufficient quantity as a
driving fofWész@ Y¥arate the non-pol yner conponents f PEHUSAes/ 4289 ner
product. Exanples of wuseful inert gd8es include air, nitrogen, water vapor,
met hane, et hane, and carbon dioxide. WO 20071061596 74 PCT/ US2006/ 042547
[0252] In a particular enbodi nent, polynmer associated with entrai ned
materials Sueih @Sl Al HodROOBEL: IHOERAIO RGN BicBfEy And di l uent such
as fluorinated hydrotarbon is recovere from a pol ynerization reaction
process andisaadtrarsG-lexpel §Hrexene,eovery system Preferably, the pol yner

recovery sy i ncludes a. purge systemor vessel re preferably a purge
bin, and thz&ggi yrrg‘?°“eaqq§’°§‘§ge8£i%§t“&;tcéﬁ?%}sr¥§ﬂte$r§¥ ﬁ?‘g'g‘ﬁé"t lﬁ?'sgasent to the
purge syst egbrtidRBf the Shasdte Sfam 16 ATRRStbAN T $uch BEBmbdMtént] ¢ Wadidie purge system
to purge or drive out the entrained naterlals,,therebﬁgfqrnlng a purge
stream whi 8ffamsis joxtigvepsambusiflechmppisntjas well 48 Bnaterid §ut 81196t r ai ned,
non- pol ymruﬂ(ﬁe?ﬁ’a‘ﬁ?%co%h?&dnﬂ%o&u@@.t is separated and recovered as a purge

r

stream fromthe pol yner p uct 1s preferably further separated into
conponent f {®57F ondn are embplimeat, iieywasfe steare thabis xardedardlarddriabowi mn or  stream

stored, recycl ed or .r.enpve a.wast.e streamfromthe .s em as

appropri at e&q?ﬁngﬁngteﬂ?le?aé?@gaﬂ%ﬁﬁﬁ%ﬁlfngﬂcariﬂ'&l ‘heflg;é%tﬁ%}' mh%rrer be separated
and r et ur netgkatnds tddehigitiadiloénts sibiesshmtin@adBydsdarions, #epdlhdhgtheand recover ed
as; individual streanms or as a conbined stream |f an inert gas is used in

the recover Jrategglean fiusp problems, Yk ps eairerpnial ﬁ@‘*‘ﬁ%ﬁ“d@ﬁ?mé‘?lso_ be separ at ed,
preferably asrddfon id sty Rbm ALl RARE fRARHMRTRIE Walkh i odeftiiithd N the pol yner
recovery systemand/or inh the reaction portion of the polynerization
system [ 0254YyalSdpaperatuesn agspcintad with thycombpsiom [Thess problsimsrca pey of strearns,
and recover . j one or nore
separati on )55)531/%30;a gﬁ% E&ﬁﬁ%ﬁlg%%ﬁgﬁglégﬁ%%ﬁg fa‘g‘%%%‘li%?ng%‘%y rr%a!rlje,}fcsgcgl yst,

unr eact ed ntirode of thd dilumahtvilbvidy adeymlingaa tHeaste by figw ofitetd nfategiah tbhe

pol ymeri zat £ "Yede o?tcu%i!t, e %El)? tope%egt?v%ly\,\éoglgoll cﬂl%gxgt vent rate is to limit the

amount of diluent sent to the vent or flare system relative to the total rate of
material that is sent to the polymerization reactor, which is defined herein as unit
production flow rate (calculated on a weight to weight basis). Preferably, the
waste stream, which contains fluorinated hydrocarbon diluent materiat to be
flared, is sent to the flare system at a hydrofluorocarbon flow rate to unit
production flow rate of not greater than 0.1:1, preferably not greater than 0.01:1,
more preferably not greater than 0.001:1.

[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 seme 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 inext gas used to scrub the polymer of undesired non-

polymer components in the purge system will also vary according to the rate of



gas, and a polyner product streamand a purge gas streamare formed. From
the purge gas streama plurality of streans, including a fluorinated
hydrocarbon containing stream a nitrogen containing streamand a waste
stream are recovered wusing the one or nore separation systens, preferably a
condensatiqg 2%@h5n1€nd one or nore of a distillation sgsten1or barrier
separation &Y 159255] A portion of the material thaPCTESEMEHERed with
the polyner effluent fromthe polyneg reactor will be undesirable

hydr ocarbon inerts that should be vented fromthe systemas a waste stream
Such undesirabl e hydrocarbon inerts WD 20071061596 PCT/ US2006/ 042847 75

i ncl ude et hane, but ane, hexane, octane, and non-reactjce internal ol efins

such as ci dlowrd tatplamptenial ipdhepRlymeyr rpacias wait, the Bow radpefdhe ingrt 8%dh enbodi nent |

the waste st e rof (et SeREUNGy UpndARE by AinitRRThd Al of e vast e
streamto a lgeﬁ%pg S{/ﬂ@ﬁéﬁ%ﬂ s%%ﬁgdéln Z%%% | rren¥, i %% wast e %t reamis lowin
non- conbust iitertezas thapie sem testhe sentet flarasystem redative fothe tokrhtatepieatedalindesi r abl e
conmbustion products. .[ 0257] | n Qne enbodi nent wast e streamthat is
vented or fﬁ%§‘88°‘iyg‘e?%ﬂ%°’l‘ﬁéa°t8{-|ﬂ’é IFE' V?'@h’ﬁp?ﬁ’ﬁgtﬁgﬂegtﬂsg?ﬁty f1 uori nat ed

hydr ocar bon peliduttatfiosBiag (tadulated od '@eighttth @@1Fhi BasisP dnbhgbmbattiédtuent s such as
fluorinated hydrocarbons, then flaring the material can_cause probl ens,

such as envitheowtiesirsam issenide Swdlarystpdmdita sontained doydptg AT g €p% f1 are system
due to the fQro®hi @ik oML B0 NG M uc@dn hfdCon LHEYRALED tenperatures
associ at ed \$v| gﬂgﬂm clon% s%ai on. Tr{ngse p%o(g{ug(rsn ca’nonbe él?f ectively

control | ed Mwgidht besisi Reeferalayrtht eongdinediflomemate ofintegirgasis nphgreatérdhdn ared. Since
the rate of ,th LlLuent,.will var caqrdi.n Q . of total

mat eri al to3/‘l E\feuazhrt 5’?? %t%owﬁﬁﬁetrflorgﬁlée?eﬁ%y P J())t %?a}eégia:ﬂsiﬁé @ftl%g%hégl:&%{l | uent vent
rate is to.lrateiahd tost prefembly tnonDdredér theen(l 5% @it ptodudtive rateot a oeighttar e system
relative to ttr']E% total rate of material that is sent to the polynerization
reactor, whi'® feasief i ned herein as unit production flow rate (cal cul ated

on a wei ght [éxgopei @k ofaribenofitd ¥rehis v Bhtion i§ thet th¥RSthBetsit IR Whi ch cont ai ns
fluorinated hydrocarbon diluent material to be flared, iis sent to the flare

system at a Wiiaratariabpyertos datefis sastentially resfuged qver ¢pnventienslsystdmow rate of not
greater t haﬁirge ézg%plfmeq;f%e%% sHeim g{agﬁtfﬁfedtipgéﬁegﬂf) fowl it is PReANPT €f erably not

greater tha
easier to maintain the desired heat content of the waste stream that is to be flared.

In one embodiment, the heat content of the waste stream that is vented or flared
stream is at least 300 BTU/scf (11,200 kJ/scm), preferably at least 400 BTU/sct
{14,900 kJ/scm). In cases where the heat content is less than desired, combustible
hydrocarbon material is optionally added to increase the BTU content prior to
entering the flare system. Examples of such combustible materials include natural
gas, methane, and ethane.

[0261] In one embodiment, the waste stream thaf is to be vented or flared is
preferably high in combustible alkyl hydrocarbons. Examples of preferred
combustible alkyl hydrocarbons according to this invention include C) to Cy
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 1s to be vented contain at total of at least 5 wi% C; to Cs alkyl hydrocarbons,
preferably 5 to 15 wi%., and more preferably at least 20 wi%.

[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



[0258] In another enbodi ment, the waste streamthat is vented or flared is
low in content in inert gas that is used to scrub the polyner in the purge
system It is particularly desired to have a | ow concentration of inert gas
that is non- conbustible. OQtherw se, purge gas that is sent to the flare
systemw || adversely affect the flare system In sonme cases, however, it
will be effective to add a conbustibleygas to the purge streamin order to
effect better burning of the stream This is particularly effective when
the total volune of waste gas is low In such case, only |ow vol unes of
conbustible gas wll need to be added. [0259] Since the rate of inert gas
used to scrubmbthet pothyperge sifstean da ohe ebadonent, Foliyegsn nebspesneiat s in t he purge

t i1l al i t 0t at . 2007/.06159
b Us2006/ oaaated e REGRERS, Ml b Yo TR e o wnit,
the flow rat eh)eliocrafbans'dﬁmr&o gl Mhe bdpeatdolidogeh str€SPpricyaty Sinedins 25

effectively controlled by limting the anpunt _of inert gas . that is sent to

the vent or fleasté0 @pla”arittogens motePreferaplyat foatt &P molgs nHIOBHHARI MAT to the
pol yneri zati i i I 48 j LREEREN as unit
producti on flogr\?vfe?%tﬁ;e&?e(%tl Ct}?g%gdag&r)\éég’%gﬂt %ag%mrgbgﬁfnbgsi s). In one
enbodi nent, sdparatedsteanstreamis sent to the flare systemw th a contai ned
flow Tate of | t gas i.tragen) .that s not .greater than, 6% qf unit
product i on ra{og,gjlon e Oﬂgjw%@%ﬁtm‘%srétf?cd%?%@?gﬁlsﬁmﬁt%em ont ai ned

flow rate of reB@rcteddfishowd i the paly@dt BxcotcipsystenofFig UBl Regurdidgeithen rate, nore
preferably not greater than 1 %of unit productign rate, and nost
preferably no'iYS%F’e%S‘P@F i Fignlsppoymenfhat contaigs ertiaysdy WreeclsA OB ht to  wei ght

basi s. [0260) a{imaRh hjdi8casRChd Wl Rhmidirsbik RYRBEI ihésiitad thehe vol unetric
flow of waste material to vent or flare is substantially reduced over
conventi onal pSlynerifgtion Baion, is Bt (ad prvee in 16 draygb rding 9% Moy is flared

is generally b d i i | I heat
content of théﬁ&éaédtsés%ﬁtrtgg}n&ﬁ]ﬁ%ét%l% o@gh%ﬁggg%%%?l%%%:pogﬁﬁ%éﬁﬁent, t he
heat cont ent mnovéthewasdus estraisabhydivasrborsmaterisled or flared streamis at

| east 300 BT (11, 200 [scm) , pref.erabl t |least 400 .BTU scf (14,900
kJ/scn). In g@é@@ V\hi*’eep‘{rﬁegﬂ?z)g?@r@ffﬁf‘gﬂfref”gv%/de@@ntﬂ?ﬁfﬁu%% t%,” combusti bl e
hydrocar bon nindigh alliné $0RRid 18 pldgy p@d HEY abDeritAlie AF@ ot disorBkateriadnt ent  pri or

to entering the flare system E,xan*gl es of such conbustible naterials
i ncl ude nat ur e removed from the purge bin 100 through a line 106 as a purge stream. The

="

purge stream 1s sent to a component separation system 108, where the components
are separated into a plurality of streams.

{0265] A nitrogen rich stream is removed from the separation system 108
through a line 110. The nitrogen rich stream can be recycled and sent to line 104
or it can be used in any other desirable portion of the polymer reaction or recovery
system. The entrained monomer, hydrocarbons and fluorinated hydrocarbons are
removed from the separation system through one or more lines from the
separation system 108.

[0266] In the embodiment shown in Fig. 1a, the monomer and fluorinated
hydrocarbons are removed in a single line 112, 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 1 Fig. 1a, the waste stream is sent from line 114to a

waste gas decomposition system 116.



gas , nethane, and ethane. [0261] In one enbodi nent, the waste streamthat
Is to be vented or flared is preferably high in conbustible alkyl

hydr ocar bons. Exanpl es of preferred conbustible al kyl hydrocarbons
according to this invention include C1 to Cs alkyls, preferably one or nore
of net hane, ethane, propane, linear or branched butanes, |inear or branched
pent anes, WOHERFOGF%hr anched hexanes, |inear or brancH@H“ﬁ%ﬁP@ﬁ@ﬁ? and

| i near or branched octanes. It is pregRerred that the stream that is to be
vented contain at total of at least 5 w% C to Cs al kyl hydrocarbons,
preferably 5 to 15 %, and nore preferably at | east 20 wt% [0262] Anot her

benefit of pro rec r st em of his i tion is.that recovery
of inert stiogg %Léﬂs%eémﬁ Bé’é O&rSESt‘HF drpere gﬂé"ﬂ DRI streans can
be reused t s&ﬁp?dsaéaﬁnkh@ea@ﬁwp%s@esﬁamcaé%&cafpmerbmga:famméhe pol ynmer 77

product in the purge system’ ['n one enbodiment, a nitrogen rich streamis
separat ed afiebiredecomponests irthe pagasepm thi és ra¢aversg Siomsthe Beeied pobgessar at ed from

the " OSBGNS pRiSks iyl AL1c0nc TRERBERLARRLALAGENE LEEGT P ef er ably

cont ai ns at eas nirtrogen, nore east 60 nol e%

ni trogen, ap@roafike fonds\eingpﬁhb@ﬁeﬁboxﬁlﬁaﬁtoﬂﬂashmg,eco%mg, tomigenatiohased on t ot al
conposi tion _of. the arated stream (02631 An exanple of how pol ymer and
ent rai ned nﬂlsqulgﬁa&?@&é@p‘gra 8H%8nd  recovered is shown in the pol yner

recovery sysjgg) of Ifb&e;uhoaﬁmeﬁ@ﬁebﬁkg@%éaﬁuhmsto?o\é%&@mt&hﬁww inFig. |a,
pol yner tha cont ains entrai ned, unreacted nononer, fluorinated

hydr ocar bon comaRongR] streaes is i b 2 eopilensery dine cendsessr isveFrRiSd A om t he
pol ymeri zat h eﬂrﬁ?ectteﬁlgé}atufesanﬁ gfgsﬂﬁ‘é)co%dﬂ:*dﬁ%ﬁ tbdj;_)g%ejnge% at ﬁﬁsﬂ‘ﬂ@ B8 Jri ne 102.
g

Ni t rogen gas 1S sent t e purge rou aline 104 to pur ge
t he pol yner t}mdddmcabm@xdm&/&zmnatsd bydrmcaﬂ:ms) ifthepogastpo, mat eri al s. [ 0264]

The purged r enp e rge bin 100 through a line
105, and th rek#%%“@ %qcf@s)“’%aegﬁ rr hﬁﬁt caﬁ @‘S‘Qgr bon materials are renoved
from the pufaeedbi nld6kd dnibotiugHt, the pufies sh8din &compfidsed@o &dnde@sxheThe purge

streamis senf tQ a conponent aratj on ssystem 108, where conponent s
are separat Eﬁ‘}’?‘fﬁ'{?némg Elmaatsrials. Jg‘%?rf‘déﬁ hydrocarbon and F toaterils Wil

typically be separated into at least two streams. One condensed stream is
generally a lighter vapor stream and another condensed siream is generally a
heavier liquid stream. The heavier condensed stream is preferably sent to the
polymer reactor, as it will contain significant quantities of monomer and/or diluent
that would be desirable to reuse in the polymerization process. At least a portion
of the lighter condensed stream is vented, flared, oxidized, or otherwise
destructed, as it will contain undesirable hydrocarbon compounds (such as ethane)
that are not to be retumed to the polymer reactor.

[0270] In one embodiment, the condenser is operated at a pressure of from 15
psig (103 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
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,



[02651 A nitrogen rich streamis renoved fromthe separation system 108
through a line 110. The nitrogen rich stream can be recycled and sent to
line 104 or it can be used in any other desirable portion of the polyner
reaction or recovery system The entrained nonomer, hydrocarbons and
fluorinated hydrocarbons are renoved fromthe separation systemthrough one
or nore |i W2V he separation s;r@tem 108 102661 | BCEAS28HH3#M nent shown
in Fig. I a, the nonorner and fluorinded hydrocarbons are renoved in a
single line 112, but these conmponents can be further separated as desired.
It is preferred that the nononer and fluorinated hydrocarbons be sent back
to the pol y'ﬁg&oéﬁﬁ&ﬁﬂfyd%dt, {Rfmdily ok 8zl LaROHRRONBIIz&N or ofikiAéd Nat ed

hydr ocarbon be vented or rel eased to atnospheré. The fluorinated

hydr ocar bon dastuetelal that is not recycled can be recovered as a waste stream

114. In th odipent . sho i i h . i ent fromline
114 to a vvj%ﬁgpgas élg%tr%a%og I S?dls%hnéf_:'lse %g t"’ﬁ?iﬁ%@@%ﬁ%%&%@&? of

PCT/ US2006/ @4A8shitab]8 fr@Ré/skpiativai esferngl rhditods ePpsapatatieminslydd em 108 in nore
detail, the separation, sysiem 1 n i ncluge any ft, of .separati on device
capabl e of ca‘ﬂlmﬁss’c"ﬁeﬂasg’é‘gia%“g@w@ e IES 2F Wﬁﬁg‘ggfﬁﬁb"ﬁ eamthat is
recovered f LamdpRQtibt BRIRIRObYRB ExRhfIed bilselebaPRIrRE iRfluduch devi ces

i ncl ude those capabl e of perform ng the one or nore of the follow ng
processes: (REMNISSERARALON ARG SEPAGLOTCHOITEIYIE SWiEderEBlIIon, di stil | ati on,
absorption SOonRL - i - e streamthat is
to be separ g?zggﬂi nt@éﬁ%ﬁg%ﬁéﬁfé ]fg’!t‘%ggﬁ]rr@ sﬁg@ggﬁfg@dg&%‘)}ﬁ% ser. The
condenser i pempeblatethtadnes. afiph ogeribadnes exhilpesudstantizilpddfepmessur e condi ti ons

t hat condenses at..least 50.wt % of the hydrocar.bo i ncl udj ng fluorinated
hy@r ocar bon?f“?%’lph'ef%ﬁ&’%’@m&srcg’ﬁmnm ﬁ@?éﬁﬁgﬁﬁ‘{?dg?&r %’?tegotr\ﬂ%% nor e
preferably ambbéigsht, He nbrareQZBBis d MbeBRiB AT pérmebity fotthe Streamis
conpressed to condense the drocarbon and FC naterials, The condensed

hy
hydr ocar bon REFEMFPCHAERE AR 8P §rigm relativg i thefl|apd/Beingd paiea 68 Ti nto at | east two
streams. ONg;kHBHNSAGMS AT he:t, ﬂ%ﬁﬂ&gﬁ%&%xﬁibﬁk gﬁtﬁﬁmﬁﬂﬂ%ffeﬁrﬁeam and

anot her condensed streamis generally eavi er quid Stream The heavier
condensed stemgability for bt FCandterial érthe streaptrelative to the monomer and/or inert

purge gas or nitrogen. In another embodiment, the membrane exhibits a

substantially different permeability for the inert purge gas or nitrogen material in
the stream relative to the monomer and/or FC.

[0274] In one embodiment, the membrane or membranes useful in this
invention are elastomeric membranes, which can be made from a variety of
polymers. Examples of polymers that can be used to make elastomeric
membranes, include, but are not limited to, nitrile rubber, neoprene,
polydimethylsiloxane (silicone rubber), chlorosulfonated polyethylene,
polysilicone-carbonate copolymuers, 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 copalymers of polyethers, polyamides and
polyesters.

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

Examples of polymers that can be used to make glassy membranes include,



pol yner reactor, as it will contain significant quantities of nonomer and/or
diluent that would be desirable to reuse in the polynerization process. At
| east a portion of the |ighter condensed streamis vented, flared,

oxi di zed, or otherwi se destructed, as it wll contain undesirable

hydr ocar bor\gﬁg{!’mﬁ ]8%? (such as ethane) that are not to be returned to the
pol ymer rea . F 01 In one enbodi nent, the condensefCHEYSBYH BRI at a
pressure of from15 psig (103 kPa) t8 about 10,000 psig (69 MPa).
Preferably, the condenser is operated at a pressure of from20 psig (138
kPa) to about 1000 psig (7 MPa), nore preferably from25 psig (172 kPa) to

about 500 psig (3 kPa).. l.n anqther enbodi.nent,, the condenser is operated at
a tenper at ngﬂ’ﬂ’fH%flfso Iylgﬁ@st%{ﬁ es, %q’%; lgfejsl’ DOYRIGRYIERE 5 [ 02711 In one
enbodi nent paw@@]sgda@@, efffyldell6lobd @RtiBiloe@pdansed streamis vented or flared.
In a preferred enbodi ment, the |ighter condensed streamis separated into a

f1 uor i nat ed (0376} oc Suparelasenmembrangy can plaabg usad y tBisdveBEPR YR opti onal i nert
or nitrogen : ; ; copbust ed, incinerated,
V0 20071061 808 R B B S R e b g ™ herrml |y

oxi di zed, caypadajly almevk [190°CX 2AI°E edhigherpandovonidsmrmealbsher axpeatadl top€2721 The

| i ghter condensed.stream.can be separated usi any techni or device
sui tabl e forsglg%é'ﬁf°§§ ea{t]legﬁpn‘fﬁﬂéqﬁjger?glac tngrggrggrr Q&R gng%hﬁei ncl ude
further conpig&siedHoddas hdibrarsmdictih batdinst thas puhlersakathagor - | i qui d
scrubbing and separation by selecti v? barrier. npl es of selective

Ex
barriers i ndngyaly peaypduae yithin theqebangy metssial have g?F“tf?“Iﬂrtgssur e sw ng

absor pti on. chfgif orMRIERbARGRHr IH hﬁa&kﬁﬂﬁe&&eﬂﬁm hetmbdld BrdeR VL 1 On i ncl ude
selectively perneabl e nenbranes. Such nmenbranes exhibit substantially

di fferent = endrawbicimalseutes pvarismaliery fegspondepmbisriaplesiiesh Sneprgicwlasired to be
sepaeled: Wong ool Bl O Ao s oLy
the H and/ omprdferentiallp sapgrmicgasdasablacdupogents frém lewpbodingdassodi nent, the
e ane X AR Gl N PETA b bR P PO
ni trogen. | mozampt hahe aixhdeing Bl be e PRADTAMEMO¥dMeHist fimaan integral

asymmetric membrane, a raultilayer composite membrane, a membrane

incorporating a gel or liquid layer or particulates, or any other form known in the

art, In one embodiment, the membrane is a composite membrane including a

microporous support layer for mechanical strength and a rubbery coating layer

that is responsible for the separation properties.

[0278] The membranes may be manufactured as flat sheets or as fibers and

housed in any conventent module form, including spiral-wound modules, plate-

and-frame modnles and potted hollow-fiber modules. The making of all these

types of membranes and modules is well known in the art. Flat-sheet membranes

in spiral-wound modules are our most preferred choice.

{0279} Inone ernbodiment, 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-

notmalized flux of the faster-permeating component of at least about 1x10° cm’

(STP)em? « sec » ¢mHg, mote preferably at least about 1x10” om® (STPYem® »

sec * cmHg,



substantially different perneability for the inert purge gas or nitrogen
material in the streamrelative to the nononer and/or FC_ [0274] In one
enbodi nent, the nmenbrane or menbranes useful in this invention are

el astoneri c nenbranes, which can be nmade froma variety of polyners.
Exanpl es of polyners that can be used to nmake el astonmeric nenbranes,

i ncl ude, biXO20806A®6 |imited to, nitrile rubber, neopr d§d/US2006/042847

pol ydi met hyl si | oxane (silicone rubbei}, chlorosul fonated pol yet hyl ene,
pol ysi |l i cone-carbonat e copol yners, fluoroel astoners, plasticized

pol yvi nyl chl ori de, polyurethane ci s- pol ybut adi ene, ci s-pol yi soprene,

pol y(butenew% po ne but adi ene, co ners ene/ but adi ene/ styrene
bl ock copol Y ?}{‘ 738??: P@ﬁ@%?ﬁ%ﬂbgwe&tﬁdm frers, thernoplastic
pol yol efin ﬁemmms&mmlmk&@&bm@@}mrwauqummgrfme pol yani des and
polyesters. [0275] 1n another enbodiment, the nenbrane or menbranes useful

in this i nbewnfasompressgr wdhgcodenseramds nagredn %ﬁcB@mﬁﬁG}é“\“ f-oma variety of

el uae. o Bah oS RRFRES iR AR RIS Tl iy T

pol yam des, npoibyae agparhtion opoition meiny b ereenbeank deth a spletydtarolf ebrat 2&,

et hyl cel | ul Ss or cellul ose .acetate 10276%51 Su er-ﬁgagﬁy nbr anes can al so
be used in PH 2 MEDRIART tyalemds fappble gf remoying PSI?T@’%“ GV ¥ d structure,

hi gh gl ass tfeddisithall Perir@BRQ! BikbRht froth Y f6cd diéad RO BrodéRG@ 200C or hi gher,
and would norrmally be expected to be selective for smaller, |ess
condensabl epﬁ’ﬁ’lf’é@lﬁlf%ﬂ@@ s fixe Gmes orreore thesaamsAsEivnef thebrasmened . However
menbr anes r ally high free
vol urre i e S TL kRl iR O By Bl B WURS Pl o
behavi or, i he u:haslt Sudiesystprm&merfM1a:ablﬂ;ospefskﬂhmeh¢ at,gmw bemrrf@uredondensabl e

nol ecul es over ﬁ] ess conden JFS { ¢ Qn 5t i cul ar

super - gl ass?‘%’gfyﬁ?e? ?aﬁ%luiflfdﬂgrﬁgf IVP 'P&%iiﬁ%sl 1SIPNE Iﬁsrg_ of which to

pr eL er emB : akbnipliard Aty cﬁmd&nﬁﬁghlglmﬁmwa@ﬂ%&cédkmm ggm;.gtsbgg I5| n]g, | ess |
condensabl e ¢ onents i s described in . Pat ) or exanpl e.
[0277] The ﬁq;%gf %W“EWWWWSWW&@N@WW #C an i ntegral

that is organic-selective, that is, is selective for the monomer over the nitrogen

purge gas and FC. Preferably, such a membrane has a reasonably good selectivity
for the monomer over the purge gas and FC, such as about 10 or more. Removal
of monomer from the membrane feed into the permeate is reasonably high, such

as about 50%, 80%, 90% or more. Generally, the membrane residue and permeate
streams may typically be 5°C, 10°C or more colder than the feed to the membrane
unit, and it may be both convenient and beneficial to use one or both cold streams
from the membrane separation step to provide or supplement cooling for the
condensation step.

[0283]  Pressure swing adsorption (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]  InPSA 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,



asymmetric nmenbrane, a nultilayer conposite nmenbrane, a nenbrane
incorporating a gel or liquid layer or particulates, or any other form known
inthe art. In one enbodinent, the nenbrane is a conposite nenbrane
including a mcroporous support |ayer for nmechanical strength and a rubbery
coating layer that is responsible for the separation proPerties. [0278] The
menbr anes MWEY2OPEIGKEAUf act ured as flat sheets or as fi b&@CIUEHE O tised in any
conveni ent nodule form including spigal-wund nodul es, plate- and-frane
nmodul es and potted hol | owfi ber nodul es. The making of all these types of
menbr anes and nodules is well known in the art. Flat-sheet nmenbranes in

spi ral -wound npdul es are our nost preferred choice. [02791 I.n one

embodi ment , l€hide ipsheroaslyadspabed campancatst Ay p dgfined fimepthepastgef per neat i ng
conmponent o {ré%@ E‘Pﬁﬁ : t; JMBeq Pref erably at
| east about Vf%isan %&E&f{dsﬁggggggé y S?B‘T ea?s%d%a 3‘8‘?9%,‘5%’#& a p?essur e-

normal i zed fhiyuxe of mbleeotmentdeppesunestidnstepe whyyeindin prefsumtis teduesd tabout 1x10- 6

(STe)/ ome e iers) VP Po0n b ERuE b cessberDusBR Pl Bo0] The

nenbr ane sepsmpbhdai rensihREE QB abRIReE kaleas bagradn Sifngiidut HEihdane systemor a
mul t - menbrane system Typically, no driving force_ beyond a _conpressor in

t he cpndensé‘Pn‘éi’ﬁFﬁﬁoF@fﬁwa stmg_}mlsqrh@l GPEPBRENe T_Iljﬁ}lstt. cadsgrpial | n one
enbodi ment , ,0e; AR 5dSRRD Atk Pty 3dpf dg&glgcln?é OligrSh age  menbrane

separation operation using-a menbrane w t : ivity of about 20. Such
a menbrane gystwen the ednogition zofe is Bmther radpcepby witbkdrasing@esodred 896 of t he

Per moat o st 1<QNPEIER O R ATEPR AL e Seonfre: et SROPHRT GIEH ¢ hat
ccf‘rrponent glurgeband pebs@gised. MUl ti stage or nultistep processes, and variants
t hereof, ca %ﬁo ﬁﬁ\e used. Such systens are fan‘iliatg] to those of skill in
the art, mauo confiegRR e sfron qﬁ‘é‘ﬁé"ﬁﬁ?@é’f"bﬁ“&‘%@m’f’ femdheng si ngl e- st age,
mul ti stage, a@rbdr BbEBy cotfrtefRi@ntl &52Ing heAHEAYS 1Rh 1d Yes@ptisPr e units in
series or cascade arrangenments- [0282] |In one enbodjnent, the nenbrane
separ at i on d¥espiresBgercrrk Hasvea Aworpting prepsyres prgameferredmasder (erotifdt is, is

sel ective fqf,t b&nﬁ@t@ ABSvaPYhe Adi6oRE WhBHFRe desorption step. In addition,

lower desorption pressures can provide a greater capacity differential between

adsorption and desorption conditions and thus increase the capacity of the process.
[0286]  Any adsorbent material that has a desired capacity for the adsorbate
components can be used in the adsorber beds. Suitable adsorbents known in the
art and commercially available include crystalline molecular sieves, activated
carbons, activated clays, silica gels, activated aluminas and the like. The

{ molecular sieves include, for example, the various forms of

| silicoalminophosphates and aluminophosphates disclosed in U.S. Pat. No.
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;

(M2)/(n0):A};04:x8104:yHO

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, fernierite, mordenite, Zeolite A, and Zeolite P. Other



purge gas and FC. Preferably, such a nenbrane has a reasonably good
selectivity for the nononer over the purge gas and FC, such as about 10 or
nore. Renoval of nononer fromthe nenbrane feed into the perneate is
reasonably high, such as about 50% 80% 90% or nore. Cenerally, the nenbrane
resi due and perneate streans may typically be 5C, 10C or nore col der than
the feed to the nenbrane wunit, and it may be both conveni ent and benefi ci al
to use one or both cold streans fromfthe nenbrane separation step to

provi de or suppl enent cooling for the condensation step. [0283] Pressure
sSw ng adsorption (PSA) processes provide an efficient and econom cal means

for separat Egb%t@ sgﬁgﬂgié fof%%ﬁ&lh%%atﬁe ﬁﬁg%&%&ﬁlﬁh%%&g h@tin ﬁi?& two gases

havi ng di fféren orption character I CS. e nore Sstronhg adsorbed gas
can be an i sifica ¢drjentyie.cthosshavingrilied td slamink batios geates thrw h@énd adsor bed gas
which is taken off as product, or, the nore strongly. adsorped gas can be the
desired pro%’&cﬁﬁwgﬁ”&“ @pﬁ%ﬁs@@l@ﬂﬁﬁ‘ﬂo oﬁﬁé%mg‘f%%n@sl@egﬂgorbed gas.
[0284] | n PafdheRaFiBsages bathHe silicApBRRRAMN HisciRed iU PANd he purge stream of
this invention, is typi |y passed'to at |east one of a plurality of

cal
adsor ption é@ﬁbgﬂmda&(?t@%@%ﬁ@@ﬂ%ﬁb@ddﬁb‘-%fﬂ@ﬂ?i 4@7%85asdb at | east one
conmponent, i r . Whaike jat | east one
ot her conpoIlr{iecﬁlfpo%gbgsbggééﬁlg%gq&&%dg%ggéﬁg%gg%%}?{%%%@ﬁ5%;& 47 82 i.e.
t he | ess st zesliggsymayds doibnddn DoRH @redkt Seolift Malecidid Sieds, JolreWilehardpassi ng of
f eedstream {0 t sor.her i s, term na and the adsarption zone is
depr essuri z&d 3&’&‘"&9’?47%@‘0%“68?@@%&& ‘éegg%rﬁ?égf%’r?né’?@ps wherein the
pressure i s ph@essedsdrbent fordgfatiatr bepuRltioninbe nRRE By, bie skitRdseer at ed, |ess
strongly adsorhed conmponent or, conponents renmaining in the adsorption zone

to be dr awn 2B fithapyiing grpesimsriatipe e neeg Botdedither PisenseAd R more strongly
adsorbed CcORPAGENT $ js JAGTHesiriife FHGPIR P talHRMoIbSUASRIGIRH ez €d DY 2

countercurrent depressurization step Wherein the pressure in the adsorption
zone i s fur mivdgculacsiensdd apglomeratedrvath aindte svederdo gasire thatdhe er currently to the

direction of e [re Ei nal t orpt.on zone . pur ged and
repressuri Zg%%o%eaé\g@]%se&%lf ghgﬁl%ﬁfﬁpﬁgsdggﬁﬁg% @grr?p%enaé%nsc@frf e renoved from
t he adsor beyntltid ahynatraldy edontHngdiideymaiefisle seailablz istd & hetsdhdsidesher bed to a
desorption

clays, silicas, aluminas, silica-aluminas, silica-zirconias, silica thorias, silica-
berylias, silica-titanias, silica-aluminas-thorias, silica-alumina-zirconias, mixtures
of these and the like, clay-type binders are preferred. Examples of clays which
may be employed to agglomerate the molecular sieve without substantially
altering the adsorptive properties of the zeolite are attapulgite, kaolin, volclay,
sepiolite, polygorskite, kaolinite, bentonite, montmorillonite, illite and chilorite.
The choice of a suitable binder and methods employed to agglomerate the
molecular sieves are generally known to those skilled in the art and need not be
further described herein.
[0290] A PSA 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



pressure. In general, |ower desorption pressures are preferred in order to
provide nore conplete renoval of the adsorbate during the desorption step.
In addition, |ower desorption pressures can provide a greater capacity
differential between adsorption and desorption conditions and thus increase
the capacity of the process. [0286] Any adsorbent material that has a
desired capacity for the adsorbate conponents can be used in the adsorber
beds. Suitable adsorbents known in th# art and conmercially avail able
include crystalline nolecular sieves, activated carbons, activated cl ays,
silica gels, activated alum nas and the like. The nolecular sieves i ncl ude,

for exanple, L4l } and

al um nophosﬁﬁsg?r?m%g{%&g élége S{% ogﬁgééﬁgﬁoﬁmsggﬁ%%tﬁi 310, 440 and
4,567, 027, hqmﬁwammtbpsﬁmrpmsadehy&;eéépemmgaﬁdisabkméprciedﬂyt| c nol ecul ar
si eves. [0287] Ze | ecul a iev s int e ca ed. form may be

repr esent ed "B‘f}mefl’i?ﬂémﬁietﬁ%?@l“mft(?L’m Ef%@)’”/’ 2%@&’{1}3?‘%211 20 where Mis
a cation, X fagod &ﬁhﬂ%ﬂa&é&ﬁhﬁb%&w&u&@nﬂdﬁfebdyﬂw andter SddotRer cati on val ence

and y has a value of fromabout 2 to 10. [02 88] Typical well-known zeolites
whi ch may bemdm:sq:ns yepresgreizatica Japically at thel conclnaaneofit dlizaorsensi te D,

I tiloli ite X and
Zeolite v, Par B s WG Bedlsdifer L BSubf B | 7 3,
zeolites swdbprbdsmieﬂrto peeideapurg gagthunis ralaivelydmpme vuiiﬂh\tmpbétmmthar e those
havi hi il t, .J,€e... those having_.sili m na ratios
g?\é:a'? gr at hi’iﬂq}ﬁ(ﬁg’%{ﬁ‘&g{ %ﬁqﬁ‘gﬁf ?}néplﬁg‘éréﬁse Wrﬁ%sgaﬁ% "I?ﬁx’ﬂuﬁ%‘?aaﬁl}lm lica |
zeolite is ghdpreabé pr@ge ﬁﬁp ﬁb&ubﬁbfﬂle th%@ﬁl:t fg@f&lgas diighdiiRsm b &F thdre

si |i capol ynor ph dj scl ose S. 4,061, 724 and al so the
F-silicate &ﬂ%%lz@@@dtqpﬁcay@uspmo supmyﬂwp@vg; %"GSUPWEWFWF RE®Epor at ed by

ref erence. I c dentified zeolites
LRl vade p%% G5 {f'eHIp (0 2R QBE b%P Istézs t@Rﬂéféh

maybe found i n D reck, |te Mol ecu eves ohn Wley and Sons,
New Yor kK, 191¢nressh@ﬂeébqandn®m’cmma&swe bsprd@ﬁ(ed@mbéhe aserbatel Boon on of a

partlcular e ar. 1ion ma one skilled
in the art%o“\gi;?g?lg% tlﬁ‘%gese grlﬂﬁ%ﬁ% a{iso%'lhe?%eaa H%@g& Pegceurﬁp%ﬁ% di scussed

herei n. [ 028R}gelghs mtﬂmﬂédﬁdimdﬁahﬁrabhﬁbeﬂbedl Eiﬁalljghﬁd;&baiﬁeﬂﬁsa nmol ecul ar si eves
that the

repressurized, first, with equalization gas from other adsorber beds and then with
feed or product gas to adsorption pressure. Other additional steps known to those
skilled in the art, such as for example, a copurge step wherein the adsorber bed is
cocutrently purged at an elevated pressure such as the adsorption pressure with a
purge stream comprising the adsorbate, can be employed.

[0291]  Considering the waste gas decomposition system 116 in more detail,
the waste strearn 114 can be treated using one or more techniques. Illustrative
techniques include any one or more of the following: combustion, incineration,
hydrogenation, hydration, thermal oxidization, catalytic oxidization or otherwise
destructed info 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 strearn during normal operation but also can be utilized to
dispose of the flatumable waste gases or other flammable gas streams, which are

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



nol ecul ar sieve be agglonerated with a binder in order to ensure that the
adsorbent wi Il have suitable physical properties. Al though there area
variety of synthetic and naturally occurring binder materials avail abl e
such as netal oxides, clays, silicas, alumnas, silica-alumnas,
silica-zirconias, silica thorias, silica- berylias, silica-titanias,

si | i ca- al OYR HAFIYPSr i as, silica-alunina-zirco%ias, ni%?ﬂﬁgﬁ&m%P&Fhese and
the like, clay-type binders are preférred. Exanples of clays which maybe
enpl oyed to aggl onerate the nol ecul ar sieve wi thout substantially altering
the adsorptive properties of the zeolite are attapulgite, kaolin, voiclay,

LERL L GO0 RAG vl O oL i 11112 o0

aggl oner at embdiimentpthe protiantios béstaskeas wdgred by bluningkinowesid gretthase skilled in

the art and need not be . further scribed herein., [ 029 PSA operation
cycl e usef ﬂﬁcpm.?eqcﬁio mfﬁ‘vjesﬁ?af”oﬁ"iaﬂ ﬁ&ﬂ@o‘ﬁﬂ’@n elpmdﬁ%%??]évg “steps of
adsor pt i ONred@@d W buRRILhEGHas bfedinl if heTr@BSce of AW BAIG BikueRRA  desorpti on,
purge and repressurization. The cycle steps are typically described wth
ref erence egbedimpnt, e wade stemmyis indimately miret with ey tpdilipdiesthe Thus cycl e
steps wheggj wWis in a concurrent direction to the adsorption
step are kagdvr\nglca}%gc:g%g%%ﬂgént " steps. Simlarly cycle steps wherein the gas
flow i s co{f294F cuim ertor ntove ¢rhiendamienty gboioor edewperaberelnnthervaste " count er current ™
steps. During the,adsqrption st the feedstreamis ssed to the adsorber
bed at an é?%%%&eg'ﬁagﬁf‘ﬁl} onbtfﬁ%gfaw.ﬁﬂo%qgépor?gmgtgtﬁ@gﬁf he adsorption of
t he adsor babdreanéelsewhm Heim iy Wabtisire84 carShd tRatelaging altegmaln the first
conponent relative to feedstream During the equali aati on steps the

pressure i AXEHEONEEITRs ERNaTplg. BeRasiestrameas BycyRurEr 3P E8current 1y and
the ef fl uegt ok aloRedgdddRkiod el WhiaGErs (RTOSHE TR LARTY unitChe Whstd he  first
conponent, is passed I'n a countercurrent direction to another adsorber

under goi ngstreapria gensrally sy¢leshthropgh p diat chengier edndaigioppacksiesiemenist he equal i zati on
steps a p&BYféa@E 9188 %Eegﬂleht%dhﬁli&llg?én?&s Wosh&sHot élﬁm%@'ﬁ%éi’?fheb?d I's further
cocurrently epPessuryze to provide a purge gas that ig relatively inpure
wi t h r espectmisiibiber pyrolysiblaxnatprislenttheawmabtd dmesmiass sumadafbe efiloentuse as a purge
gas. Optional i nstead o ion of the product

gas or gasm@ﬂ%%? gy F&ﬁ?"&ﬁé‘l%?%%f E%l%%iggﬁ%%elleﬁfggt gB %I:e&:

PBE used to
suppl y t healjpditge igaSombpdihe GeNoRL tho&ffiaént ghRs before they are discharged

to the atmosphere. When the elements have reached an elevated temperature such
that heat transfer no longer occurs efficiently, the flow direction is reversed and
the second chamber becomes the first chamber and vice versa.

[0295]  The packing elements in the chambers of an RTQ can be in the form of
monoliths with a plurality of through passages that are stacked within the chamber
to provide a plurality of rectilinear parallel passages through which the gas can
flow on its way through the chamber. Alternatively, the elements are dumped in
random fashion within the chamber so as to provide a large number of non-
rectilinear routes through the chamber for the waste stream. The individual
elementis 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



provi de purge step, if enployed, the adsorber bed is countercurrently
depressurized to a desorption pressure in order to desorb the adsorbate.
Upon conpletion of the desorption step the adsorber bed is purged
countercurrently with purge gas obtained from another adsorber bed. Finally
t he adsorber bed is repressurized, first, with equalization gas from ot her
adsor ber b¥@208iMd15¢hen with feed or product gas to adBOFpBite4pi+éssure.

Q her additional steps known to thoseg skilled in the art, such as for
exanpl e, a copurge step wherein the adsorber bed is cocurrently purged at
an el evated pressure such as the adsorption pressure with a purge stream
conprising the adsorbate, can be enployed [0291] Considering the waste gas
deconposi t i anprefesedhatthe clements peeddetheiRTO are hapavg of ebserbingdeat] 14 can be
treated using.eon ni el ] .rative techniques include any
one or nore 1&?%%9%8I %@ﬂ%@&q%%%%ﬁi?q ﬁ?ﬂﬁhgﬁheration, hydr ogenati on,
hydration, tjoze7iral Typicdl gaeking Blements fr RTICCappKcationaire andofromt her wi se

destructed inpt nvi.ronnent.al.l y accept abl e, conponent s, .conpounds, or
concentrat i &??Y?fé‘gﬂa@.‘c%tﬁﬁmﬁﬁm’éﬁ@t ?‘Veﬁﬁ?%“%}%té’d?ﬁ@ﬁ’ﬂ@%“%%e or el sewhere
herein, the Mﬁfé%ﬁﬁn%ﬁ@@&maﬂy @%s%ﬁeﬁ@ﬁﬁggre&?%dﬁﬂeﬁfa&dﬁ@ﬂ&h@fws or system
can be used to treat the wasfe stream Such a system may i nclude one or

nore flare Sreeksimiinattaghby dhehploger-epirnwng¢ompraenis habmay bedamedur i ng nor nal
operation b I a Ny : i JpRbLe waste gases
or ot her flg’&nﬁsr%lg'ﬁgm%agl ?%%Eni%ﬁﬁfr%%t’égéﬁ Q%?’gg]rg{nee%t@gﬁyldgg ven?i ng,
shut - downs, paglseg deraerd having aresldimeteloniddd (RA D glea@OthRCT 25162906/ 042847 85
(0293] Flarin f. waste streans. W t hout. .pr cl spoke | referred. In one
embodi ment , ‘Ye%%l?’gP%%cf‘feQ%ﬁﬁB% anflgﬁggg’dé% aBﬁPW%ﬁ?ﬁ‘f ﬁ%mwast e stream
in the pr esasrt@em;‘bgaivéiglarwa%tagamingﬂ:@ﬂﬁmeéntaﬁb@@kilémma%bﬁe production of
smoke is reduced by burning the waste streamin the presence of air only.

In such an “EnBGATRRALC YPhdndatiaaly femdiie SP%n neightyl Afalked with the air to
fully oxi di 28nffihe A 98 Rei GRBPRREREm HIR294h dLBmARQ X 1By © enbodi ment s

above or el sewhere herein, the Waste “stream can be treatéed using a
non-fl are syliffiaetionanalysies aod ooy &tod Ao prieferablsfromiBae %ot adodesmtier e herein, the

vaste stream can, beldiga Srleaebee Bt QIRFB of calcium carbonate and at

least 10% and preferably 40 to 10%, by weight of magnesium carbonate and less

than 10% of non-carbonate impurities. Such packing elements are described in
greater detail in U.S. Patent No. 6,605,557, which is incorporated herein by
reference.
10298]  In one or more embodiments above or elsewhere herein, one or more
furnaces, incinerators, or both can be used to thermally oxidize the waste steam.
;_ Typical operating temperatures of such thermal oxidation systems can range from
.. a low of 500°C, 600°C, or 700°C to a high of 800°C, 1,000°C, or 1,500°C.
Suitable funaces 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.

f0300] In one or more embodiments abave 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:

yH; + CxFyHpxezy) > CiHpraa) + YHF, where x and y are integers.



oxi dation system For exanple, the waste stream can be conbusted with the
use of one or nore regenerative thermal oxidizers (RTGs). In an RTO unit,
the waste streamis generally cycled through a first chanber containing
packi ng el ements that have previously been heated and then enters a
conbusti on chanber where the conbustible or pyrolyzable materials in the
wast e stregomer@siey ned. The effluent is passed thr ouRfFI'BS2BEOHE’ chanber
cont ai ni ng packing el ements. These eggnents absorb at |east sone of the
heat fromthe effluent gases before they are discharged to the atnosphere.
When the el ements have reached an el evated tenperature such that heat
transfer no | onger occurs. effici ently the flow direction |SI£§8versed and

t he second m@ﬁﬂberAﬂé@Bﬁﬁ?lﬁ@ p1 antbe fppndtie pn afiele by B oKt Rap, 02951 The
packing el e szaa an&}'}r aﬁ%ﬂsﬁnaédaﬂﬁﬁt? h FHSoARGodaRfom Of  nonol i ths

with a plura ty of t oug passages t are stacked wthin the chanber to
provi de a pTomongh €atalytic Hpdrbddhalogenatipnt GATEECHag¥dges t hr ough which t he gas
can flow on its way through the chanber. Alternatively, the elenents are
dunped in [@62jom Iesieioo move é¢niiodinkdnes abheerﬁretsewberaherbio, @reavngee a | ar ge nunber

of non- rectijinear routes throu er t he stream The
i ndi vi dual hﬁ’@%ﬁﬁmﬁ%ﬁ{ pﬁ%ﬁ‘?@“ﬁ“&n%a %&ﬂ ggli‘ eséregﬁdﬂaﬁrﬁﬁ%% such as
hol | ow cyl i fdiefigues Whd dysteB SrewidiiN@bin EM%@aAndaﬁmeaaceam@sharaslant er nal
structures, cylinders with triangular or "bowtie" crosssectjons, and

porous pel | Be&s of gf@@%i‘@“ Eﬁtu%ge%l?k’ pgigtor HpRsitioR metaly P PYPPORYy i ROBb| e f or

treatment ugj 1 Qg SRS tagﬂ,ngg,g exanpl e when gas flows containing
conmbusti bl e rfagfg‘erla & |rncP dlg a small quantity of fluorinated

hydrocar bons. | r{ZSIHzﬁ’ *a@ﬁlyﬂaﬂi;a onsCOi t YRD ‘me OBl B eS IFETFUS2006/ 042847 86

pref e eflbiet iy hEURRN S USEHILAL LA FTRAI S 6ARRHE 5h absorbi ng heat

rapidly and~are stable un cycling condi'tions ] Typi cal
packi ng el emﬁmcﬁoemmam)lthmfaly@wmnatcmdﬂﬂﬂmmkmotrhmﬂéc‘aw daids pat hi c

material m xt, that haye ood.stab.i | i to t c L whi | e havi ng
a good capaﬁ’f%f °Fr genesiym pxide, o P‘i“é’c’j’ ‘g?‘iﬁ‘&‘i b‘{]g’fl‘érrents are
resi stant tﬁoﬁ&ila@kmaﬁdlhgeenh@bm@mﬁ@mlaé nbRthyEREPRAGH sxitdjat may be in the
waste stream _In a preferred enbodi nent, the packing el enents i ncl ude a

ceram ¢ pafRiRGOws asismonRhyirsg andy eombinationdhersof prsitraly fRaexides not great er
than 0. 25% P¥nohydrate, and specifically, needle shaped ferric oxide monohydrate which is

also known as goethite (FeOOH). In one or more embodiments, the oxides can be
stabilized with the addition of titanjum, zirconium, cobalt, compounds thereof,
and mixtures thereof. Reaction temperatures can range between a low of about
100°C, about 200°C, and about 300°C to a high of about 500°C, about 700°C or
about 1,000°C.

{ [4304] In one or more embodiments above or elsewhere herein, the waste gas
decomposition system 116 can optionally include a hydrogen fluoride (HF)
removal system, In other words, 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



wei ght, forned froma fired m xture conprising 10 to 98% and preferably
from 35 to 65% by weight of a clay having an alum na content of at |east
36% by weight; from2 to 90% and preferably from35 to 80% by weight of a
talc containing at |east 95% by wei ght of nagnesiumsilicate as determ ned
by X-ray diffraction analysis; and fromO to 10% preferably from3 to 7%
of a dol ogig jee706hdspeSt one containing at | east 60 to 9@UIWPREPFHT of cal ci um
carbonate and at |east 10% and prefggrably 40 to 10% by wei ght of magnesium
carbonate and |l ess than 10% of non-carbonate inpurities. Such packing

el enents are described in greater detail in U S Patent No. 6, 605, 557,
which is incorporated herein by reference. [0298] In one or nore

enbodi ment mem%@m@ﬁﬁr@ﬁmnw g tﬁﬁ}fé\wﬂﬁr’aﬁéﬁf&‘{mi nci nerators,
01 DOLN CafBes 58t . SNBL B B LEES LR BB SURRhen P! c21 operating

tenperatures 0O ermal oxidatl on ens can range a | ow of
500C, 600Caccepted Biafiher.0AR artitigh exdmpBd) 01F, gad cAORGeactsd Wifls@O®m  Sui t abl e fur naces

and incinerajfors are w dely, avail abl e. 299] I.n one Qor r e enbodi ments
above or eP?@WtEfW‘@F P%ﬁ&”’ﬁﬁ%$£%§%%ﬂuen€%r;@ﬁ§§?‘8ﬁ/ oxi dat i on

systens or fp5 88 8 SidGc@n be edidRed BRk dlsPSelss fe fidr €am Sui tabl e
catal yti c conbustion/oxidation systens are known-in the art. [0300] In one

or nore enbBudionmenisllngrssdedmansiesewher e herein, one or nore hydrogenation

systens or processes can be used to treat the waste stream Hydrogenation

t echni ques (6386} sy st mraferred embwslithert abthe inventideds shown infig- dantiise acconpl i shed
as a neans = r i Si ble.gta 4 netal s on
supports. f—“‘g‘;mg&ngnr%p g%g. gﬁ}sitﬁlsl%ﬁerag |a€%°lr¥§tl rlgaicat’ ?{ocr?{"{tggi’g&b%fll ows: YH2 +
CXFy H( 2x +2 1) contaifisxhi &ilrai2ed hydebarbonhad ECmadrihl it fastaeitind efashlankWO 2007/ 061596

PCT/ US2006/, Q4 7 .87 ., Addi ti onal. informatjon can found in an
article by l&zﬁih“t%as?{é%ggiﬁ the-prfgunRATedugsd ot lﬁﬁr&r’fﬁggﬁ titled

" Tr ansf or mpéhipshefis tdpenRf [The &M&&D&b&goﬁ&ft@ﬂﬁ Ferfeie@ frwtnithe flash

Hydr odehal ogenation,” CATTECH 2003. 103021 In one or nore enbodi ments above

or el sewhef®@KH8} By aling H3, #id the palymernd sen-yaposiged MPOBFItEs@E¥es can be used
to treat the e %d!ﬁaﬂﬂydﬂlﬁilﬁ{%ilgﬂ techni ques and systens are well known
én.% npl i she

in the art, can be "acco as a
{0307]  Another example of a polymer product recovery system of this

invention is shown in Fig. 2a. This particular embodiment incorporates the use of
a first and second separation system to recover a plurality of streams that are
either reused in the reactor or discarded as a waste stream to the waste gas

decomposition system 116.

| [0308] According to the embodiment shown in Fig. 2a, polymer that contains
nnreacted monomer, FC, as well as other entrained hydrocarbons, including
undesirable hydrocarbon inerts from the polymerization reaction, is sent to a purge
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.

[0305} The purged polymer, also referved 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



means of HFC destruction using noble netal or transition netals on supports.
For exanple, an illustrative net reaction is as follows: (2x)H20 +
CxFYH(2"+2_y) -, xCO2 + yHF, where x and y are integers. [0303]
Illustrative catalysts can include transition nmetal oxide catalysts. In one
or nore enbodi nents, the catalyst can include, but are not limted to,

cal ci um oxodmsmsiadsuni num oxi des, magnesi um oxi de, pl XRGHFFPERIEE chromi um
oxi de and iron oxides, including femgpic oxide, ferric oxide nonohydrate,
ferrous oxide, ferriferrous oxi de nonohydrate and a conbi nati on thereof,
preferably ferric oxide nonohydrate, and specifically, needle shaped ferric

oxi de nonohydrate which is also known as goethite (Fe .. In one or nore
enmbodi ment sCORHES LRYEBY of e uEeacted mepgmer, Wﬁﬁ“t%@%@gpjgbin&qod? titani um

zirconi um  coRRLA froxﬁ%%k't%@ﬁa:&fbﬂfs?ﬁém 2?8355&»"5‘% tAERS 00 hepesirogdReact i on
tenperatures can range between a low of about 100C, about 200C, and about
300C to a hiagtteinihg streemt whOD ContaibdumapagOidhe nimpgsntin the O@ESBOB04] | n one or
nore enbodi nent s Ve, 0 | se re hergi,n. th as deconposition
system 116 h‘ggﬁm%vp iFona F?‘B?%%F‘Y?yﬁ‘z“%}’Sﬁ?@éé’waﬁ’ﬁ’%@%@?m) removal system
| n ot her wo{g3s$0] t hFhe'migbgengastath@RPan that RRefyet dionilthefitkbes not have to

i ncl ude a HF renoval syosée_m A HMerrg!\é@I sg{item is reconmmended to treat
the HF t hat SPERHE HSeH 08515 5¢0t by gh Bfrp 05t P RF Rast e stream 114.
As menti onegsahoMme, The SecBfPsRkratdn ke ToEdaPlesitte (EHRAEREIM R t he amount  of

HFC or FC in the waste stream 114. "Il lustrative HF renoval systens can
i ncl ude scpoleessichslsan bred s wasy stegaso The pigrogarddisfream, vdret parti cul ar
enbodi nment , NeJero\V) j : . re the resulting
HF gas fr omc% ﬁ“gﬁg@]g‘g@ ogltehg ?ﬁ%ﬁ%@%@%@%% Sﬁt%r‘ Hf@g!%%\@? éﬁ wi th one or

nmor e r eagentesovecedffommthwateend sepatatibes it 2 1dvy veayldf ddine FiiY. THOv81971061596

PCT/ US2006/ 042847, . 38 exanpl. F gas can be reacted wth sodi um hydroxi de
Do or m wat ST gt i A% Copyiised 152 Fasen oah i et opeed Bt T on or

di sposed i n2n: 5 @cewttthal BdohPOSRM Shtes 118cCept ed manner. As anot her exanpl e,
HF gas can be reacted with calcium carbonate to, form carbon di oxi de gas,

wat er and 3¢ um NGEWE’:G eppadiggnicaf ig- 2p Ispbeyva & §ig 2 dYFi d whi ch can be
reclai med aggh@imélit PR3 i theRan@bEFi@M, except that the nitrogen rich stream

is separated in the first reaction systern 208 and removed through the line 209. In

o |

addition, the hydrocarbon rich stream, containing the majority of the unreacted
monomer and FC, is separated in the second reaction system 211 and removed
through the line 212, |
[0312] A greater detail of one example of a polymer product recovery system
of this invention is shown in Fig. 3. This particular embodiment, incorporates the
use of a selective barrier system as part of the separation system to separate

- components, and a waste gas decomposition system to catalytically or thermaily -
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 fmrged polymer, also referred to as a degassed polymer product, is
sent to a secondary purge tank 306, wherein additional nitrogen purge gas is

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



environmental |y accepted manner. [0306] A preferred enbodi nent of the

I nvention is shown in Fig. |b. The enbodinent of Fig. Ibis the sane as that
shown in Fig, la, except that polyner that contains the entrained

hydr ocarbon and FC material is first sent to a flash tank 101. In the flash
tank 101, the pressure is reduced causing the nore volatile conponents to
vapori ze. The vaporized conponents are renoved fromthe flash tank 101 by a
line 103, and the polynmer and non-vap®®i zed conponents are sent to the
purge bin 100 by way of the line 102. 103071 Anot her exanple of a polyner
product recovery systemof this invention is shown in Fig. 2a, This

particul ar enbodi nent incor fe he us f b econd separation
systemto reeggyg?gqu%?‘iﬁ]ﬂﬁﬁ ﬁ)&fng}%e éotlhghéoﬁﬂlgf PIgvR Isg%ﬂ%rﬁ%gh%gd in the
reactor or dieshdngetrg@ank 08shrougid BRMIDO the waste gas deconposition

system 116. [0308] According to the embodi nent shown in Fig. 2a, polyner
that cont ai @313)nr eNitogen PRSEDSASy monommer,EC | otheg gntrngd hydieabgnsed

hydr ocar bon ' ' i ;

hyh ocar bonsee IERHIESA odAHENA I B IuSLORBRRO G ERE O ADe

!(\Ilh tr oan pu rﬂg@glggs; str@ns&te Bent toos ;ehﬂ'at]mmr?steml wh:zmﬁ comprrispd i 2 aond![em? 2?4 t FO g 3 g ]ge
e polynmer and r v e_.various entrajned . rocarhon. erials.

The purged p%’%%’ﬁ?na%‘f% Beq?cgy %ﬁ%ﬁf 5 %15’5 é}he ﬁi%&g%gﬁ“%‘& PYHe e urdS%juct or

scrubbed polysires mpmBEE kystdnd 3 16048 4 @ebshiir® Bwvinh @dpuptipe (PEA) 36temBygay of a line

205. The purge stream which contains_ the nitrogen purge gas and hydrocarbon
material s puBREPHFHHHF EREOPBFYLFEOWHIE - deover ed from the purge bin 200 and

sent througgsgg) i NG &0 ﬁd?iixﬁerftislﬁo%niﬁ%??ﬁ%ia%hd%ﬂs%?%eﬁﬁﬁcmﬁ% separati on

system 208 'separates the purge strea to a hydrofl uor ocar bon cont ai ni ng
stream and ompresgansetting diumi ang heat exchangerhEhewmderfstnsystondihsn cont ai ni ng

he unt eact CRHHORSPOARE St P e YieR i el GRARAIE 70O LY T e

first separ atongessads tanled8 skparat@lintofvasiohd dcomp2fdis atbeding to thgen cont ai ni ng
stream which contgins a majorit f the nitrogen in the rge stream is
removed fr onfPERTENYS g%“@@ﬁ’é#%?sory{“ ngF%%ﬁr %@@W@P“gq? e 210.

monomer and FC are condensed and separated as a liquid stream by way of a line

320. This liquid stream can be further separated into component parts, for
example by distillation, or reused in the polymerization system, for example sent
back to the reactor system.

[0317]  Ligher boiling point components are removed from the compressor
system by way of a line 322. The stream flowing through line 322 is a nitrogen
rich line, and contains a majority of the nitrogen sent to the condenser system 314.
[0318] The nitrogen containing stream in line 322 is sent to the membrane
systern 316 to separate a nitrogen containing stream from the FC, monormer,
and/or other entrained 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 nseful
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
Iine 328 back to the polymenzation system.



[ 0310] The nitrogen containing streamthat is renoved fromthe first
separation system 208, is sent to through the line 210 to a second
separation system 211. The second separation system 211 separates the
nitrogen streaminto a nitrogen rich streamand a waste stream The
nitrogen rich stream which contains a magjority of the nitrogen fromthe
nitrogen stwe@amvoansdshe |ine 210, is recovered from t heeCIAEeWd 0£2847ar at i on
system 211 by way of a line 212. The ste stream which is al so considered
as a nitrogen lean stream is sent through a line 214 to the waste gas
deconposition system 116. [0311] An alternative enbodinent of Fig. 2a is
shown in Fig. 2b. The enbodinent in Fig. 2b is the sane as Fig. 2a, except
that the nit[3gen r Thémiabgaaiontaintngsapan dhaeidg the ntdnebririersgitern 88&isi on system 208

and renoved through the line 209. In additian, the hydrocarbon rich stream
cont ai ni ng t A¥ESTH peh ?hﬁﬁ33pﬁ%gﬁr?§é\§é?t@§3lm%m'§ﬁgyﬁé i's separated in

the second rgagddiRthtSy speiddsla RReHiBHN Weslvestdl AN udhigstbhn@d 212. [0312] A
greater detail of one exanple of a polynmer product recovery system of this

i nvention i sstsamngh in nitragen gonterh pxitsibe 284 snstem Bdsod ispenitsithéincor por at es the
use of a sel ﬁ&&d#}{%h%%ﬁi%’33%%?%&%‘%3&&00%&& CRAL ALl 13y St em Lo
separate conporfents, “and a"waste-gas deconposition systemto catalytically
or thermal |l yatnesiterd thioupinthe lise 331, duty prefecablynensed @phe atugthgfarom t he pol yrer .

[ 0313] According to the egbodi nent. shown in Fig. 3 ol r that contains
ureact ed nmonBH# efyﬁ’ét,emaﬂtfﬂgf %FWWE&HPMP“%%I%BWQ%E%@BT%I e

hydr ocar bon Resdrshd KeEBddgd@oByneri zation reaction, is sent to a purge bin
300 through a line 302, Nitrogen purge ﬂ?as is sent to the purge bin 300

through a |i 8201304 ThoFpuickstreamesepar e RYA pysty &1& in seco¥sredds hydr ocar bon
material . [031dbr e Bur %QFQQH%KWS%%@Q%E&%égfgﬁ%ﬂn?eﬁzﬁti egassed pol yner

product, is sent to a secondary pu rei n addi tional nitrogen
purge gas i ssystemj, egt, egtytlbd wuhbpdyinenretiG08adter. dfjdowevwsnahd EC sfreagte ur eact ed
nononer, FC ap her 90 nt rai ned_hydrocarbons .f.rq he | ymer. Pol yner
oroduct i s r BRgTehC Pl e Ra e RSt R R SR e o e 3l0.
[0315] Ni trogicurdudrige ngaser affopna to nhiGiniipdervirbahered tominnigtiday dr ocar bons  are
removed fromy PULESiR) DSt nBoBiettS it hbE AT Bowtiy O @ 1 ne 312 and

In at least one specific ernbodiment, a process for polymerizing one or more

monomers is provided. In another embodiment, this invention relates to:

1A. A process comprising preparing a mixture comprising the one or more
monomers, a catalyst system and a fluorinated hydrocarbon (FC), preferably a
hydrofluorocarbon; recovering from the mixture, an FC containing stream, a
polymer product stream and a waste stream; sending at least a portion of the waste
stream to a non-flare decormposition system to produce a destructed waste stream,;

and releasing the destructed waste stream to atmosphere.

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.



the purge streamis sent to a separation system which is conprised of a

- condenser system 314 and a selective barrier system The selective barrier
‘system i ncludes both a nmenbrane system 316 and a pressure sw ng adsorption
(PSA) system 318 in the particular enbodi nent shown in Fig. 3. [0316] In

- the enbodi nent shown in Fig. 3, the condenser systemincludes a conpressor,
settling drum and beat exchanger. The condenser system 314 is operated as a
conventional systemin that the nateri® sent to the systemis conpressed,
cool ed and separated into various conponents according to the respective
boiling point ranges. In the Fig. 3, enbodinent, a majority of the nononer
and FC are cqndensged and separated a |iguid stream of, a line 320.
This liquid gtr‘lﬁ’ eaﬁf‘%gﬁqc‘ff&o &ytuﬁg?raggﬁlgﬁétgg%\ﬁlgegelg %aﬁ%ﬁwlgrs@%, f or
exanpl e by dicginhtiteataleiim Miond€used in the pol ynerizati on system for exanple
sent back to the reactor system [0317] Ligher boiling point conmponents are
removed fromeale qREPoEsS of anySof pheaffaphis 1EN S, whetel e Aoiiflardde Stream flow ng
through line 322 is a nitrogen ‘rich line, and contains a majority of the

ni trogen sentde¢asnposidion syREhesERISosIne ol B0zE Systes sdgotefiHeomtbe gten cont ai ni ng
streamin |i 3 i t ane - . Separate a
nitrogen con?%?%%%é°§P§§%ﬁ$ R%%@ﬁﬁgﬁ ?mmﬁﬂgﬁééﬁgﬂg%%%%%ﬁ%ther entrai ned
hydr ocar bon oaigatiexents. The nenbrane can be selected according to the
particul ar separation desired. In the enbodi nent shown in Fig. 3, a

substanti al oLt Qhe ploctss of aIHRfagapil 10V tolba] WoeribBanaefigehent s are
separ at ed and, sent _t,hrou?h alipe 324. If the streamflow ng through |ine

324 cont ai nSCEPIRASEIPR SYSISRR COPRISPOHIUBIACHY dr ocar bon conponent's not
particularly useful or desirable in the polynerization system the
conmponent s ar¥éserfie Process Sf e paragaphisblei 44, Sthewitheperridedi a | ine 327 as a

wast e streamgebdmidifion tyRaMtdy e h mliférgh the 1ine 324 contains a
subst anti al portx?]sodral 8f %sefu m)nomalfl 1orr ot her hydrocarbons useful in the

pol yneri zat i sy ; : : | 328 back to
t he pol yneri ?%'i o?hg sf%%%%%]gg%%gﬁ%%g%gg/%%%%?8%%1 }16721[1?91 [ 0319] The
ni trogen contaxididedgecnmpmaitivt exstarmepnipmscsaetransitine meted oide Gtdyst.s passed
through a line 330 to the PSA system 318, which, in the Fig. 3

10A. The process of any of paragraphs 1A to 9A, wherein the FC containing

stream, polymer product stream and waste stream are recovered through one or
more separation systems comprising compression, flashing, cooling,
condensation, distillation, selective barrier separation, adsorption, or a

combination thereof.

11A. The process of any of paragraphs. 1A to 104, wherein the FC containing
strearn, polymer product stream and waste stream are recovered through

condensation and selective barrier separation.

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, shury phase process, medium pressure process, high pressure process or a

combination thereof

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

streami.



enbodi nent, is operated as a conventional two vessel, back-flush system A
stream high in nitrogen content exits the PSA system 318 and is sent either
through a line 331 or 332. The high nitrogen content stream can be vented to
at nosphere through the line 332, but is preferably reused in the purging or
recovery system such as by recycling the nitrogen through the line 331 to
one or nore of the lines 304 and 308. [0320] The FC rich stream separated
in the PSA system 318 is recovered by %ay of a line 334. The PC streamis
preferably reused in the polynerization system e.g., recycled to the

pol yneri zation reactor- |If, however, the FC stream beconmes contani nated or
degrades over}ji [ el I n a manner
appropriate tBh%rﬁpﬁﬁgggéﬁyﬁﬁ%ﬁﬁ%%%gﬂﬁ%g%?%%@%a1?%%?ﬂkﬁ%§%%§9§%ecific,
illustrative esnbaink FGfprerabiyhydeflidrecdriodn) and 18 gent konthatledorgmstittame specific

enbodi nent, a process_for polynerizing, one,or re _nonopers.is provided. In
anot her enmbodPyFER: 2t 2p ﬁpsf{q“ﬁi?%{%‘ﬁéﬁ%ggi"ggﬂ‘{%‘?caﬁﬂp ﬂRWpr‘i?gg’s‘@ﬂcorrpr i sing

preparing a nhkbtkien AOWRAEDFAG d&tr @R 01 NOre  nmononers, a catal yst system
and a fluorinated hydrocarbon C), preferably a hydrofl uorocarbon;

recovering fr t ] . I R r product
g from %e%w&mggfﬁ&%e AN DPA SVnERAThe Hastl Hr4HET P

stream and a waste s m se g east a porti on.of the waste stream
to a non-f| ar eontessonpessnahdis ssyido S decompositios systendastnitiegen diowastee st ream

and rel easi ng,the destructed, te streamto atnosphere. 2A. The process of
par agraph | A ?hﬂ{]ltc‘H‘gtrgr%aéﬁ@gq%\gf%ﬁ'%’#gca?Fﬁ%gen fluoride gas within the
non-fl ared de osition syst.em and converting the hydrogen fluoride gas to
2 water sol ubf & oak PROCSR SSRESTE BORERE (i L IR ROTORISS MR PR

conpri si ng r esf AdiftieftGoldpesinpELHprefRdbiPhRirsilotocarbbn) (bFemP4 pslg@er, of any of

paragraphs I A to 3A wherein_the water soluble salt conprises sodium
fluoride. 92 reseveritgamajesiyekthe polymer i pohuey Proghe strpem sudnmaiBPei n t he

wat er sol ubl e s@l tcitQ gmgﬁ%wgﬁg{g’eq%m@%o;p&ﬁwm any of

par agraphs A to 5A, erein the n econposition system conprises
one of nore sipstuding ad¥] eoptaining stomamtdnd agasig ptream; and sending at least a

portion of the waste stream to 2 thermally or catalytically oxidized decomposition

system.

17A.  The process of paragraph 16A, 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.

18A. The process of paragraphs17A, further compnsing reclaiming the water
soluble salt.

19A. The process of paragraph 19A, wherein the water soluble salt comprises

sodium fluoride or caleium fluoride.

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

oxidized decomposition system comprises a furnace of 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 21 A, wherein the plurality of
streams is recovered through one or more separation systems comprising
compression, flashing, cooling, condensation, distillation, selective barrier

separation, adsorption, or a combination thereof.



consi sting of hydrogenation, hydration, thernmal oxidation, and catalytic

oxi dation. 7A. The process of any of paragraphs 1A to 6A, wherein the
non-flared deconposition system conprises a furnace. 8A. The process of any
of paragraphs 1A to 7A, wherein the non-flared deconposition system
conprises an incinerator. 9A. The process of any of paragraphs I A to 8A
wher ei n t heWO0810615%¢al | y oxi di zed deconposition syst eRCTHNG/GIR87 2
transition netal oxide catalyst. 10A.94The process of any of paragraphs I A
to 9A, wherein the FC containing stream polynmer product stream and waste
stream are recovered through one or nore separation systens conprising

conpr essi on, hl,ashi I j (st ll.at.] el ective
barrier Separzfgﬁ.O%Q&gg%?%{#&#p%@&gﬁ%gﬁ%#g%%,l or?§%léhfgz)4r£ﬂ%ii The process
of any of parsagmeibsecbverddahibigh cordensetion dnH eelédiive batiad sapargtionst r eam pol yner
product stream and waste stream are recovered through condensation and

sel ective baryiser AJppfoaéss @Nanylod Paradraphs A6 98A OFheaely tiefonpar mareaphs 1A to
11A further conprising _polynerizing the one or npre nononers using a

sol uti on prod@emers e piRGIZes Peipg:a LIution Fracessplis SB2SE PRCESsSIUREdi um pressur e

process, Ni 0RnRGRUELBERAGTEBE piboes S SEkhRrdoBRIoF A ombifftionThe Process
of any of pa agr@%ﬁg sf%\l tlo %Aﬁgrg?sn’t eﬁ}r eco@{ared po?I;lrrermpI)lr oduct stream
cont ai ns not thgrexdt er t han 100 ppm by wei ght of total hydrofl uorocarbon,
based on total weight of the recovered polynmer product stream 93 14A. The

process of ardpAof ThapmgesaphayloApsrogragh 16Mie 2éh whenein thesnaorgy pBthen  cont ai ns
FC (preferablyhydrofl yorocarbon) and is.sent to the,deconposition system
2t ah PC 1ok AFEo TR R e BV sl S g R e o) o uni
production flow rate of no reater th 0.1-1. .15A. The process of any of
par agr aphs I/E% 0 %ii‘i\p’\'ﬂﬁﬁf 8{-‘?{%‘)%8%?}56@{\#82#’ ‘Elﬁﬁ?%?ﬂgmﬁ%ﬁ%ﬁﬁ'@ﬁs and is sent
to the deconpasiéredfotited RifgadtreAamni trogen flow rate that is not greater
than 6% of unit production rate.

27A. The process of paragraph 26A, wherein the recovered nitrogen stream is

used to purge the polymer of hydrofluorocarbon.

28A. The process of any of paragraphs 16A to 28A, wherein the waste stream
contains nitrogen and is sent to the decomposition systemn at a nitrogen flow rate

that is not greater than 6% of unit production rate.

29A. A polymer recovery process comprising separating fluorinated
hydrocarbon (FC) (preferably hydrofluorocarbon) from a polymer; recovering the
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, firther 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 304, further comprising reclaiming the water

soluble salt,

32A. The process of paragraph 31A, wherein the water soluble salt comprises

sodium fluonide or calcinm fluoride.



16A. A process conprising polynerizing one or nore nononers in the presence
of a diluent conprising FC (preferably hydrofluorocarbon) to forma pol yner;
recovering a npjority of the polyner in a polyner product streamand a
majority of the PCin a purge stream separating the purge streaminto a
‘plurality of streams including a PC containing streamand a waste stream
and sending at least a portion of the waste streamto a thermally or

catal ytically oxidized deconposition gfstem 17A. The process of paragraph
16A, father conprising formng hydrogen fluoride gas within the thermally
or catalytically oxidized deconposition system ~and converting the hydrogen

fluoride gas to a water sol uble salt A The process of paragraphs |
further conprP¥PngTheREPSESHP YPHE‘“MF@S 9§c5‘?§|%$aé”1§’éﬁ“f- e YA P ‘T‘ﬁlé( process of

paragraph 19%}3\5&@&&&6@9&&4@&)@@% Ries a2ahditiGORRG um f | uoride or
e

cal cium fl uori he process o any of paragraphs 1 to 19A, wherein
the thermally Xi GL0R e or

i nci nerator. aé_}fﬁ %%ﬁg?%gess %?b %@xgg‘?ggfggﬁdéﬁﬁ%&a%%Merer n the
catal yticall yoxidizbdaliieoenhpdan@mq;mmtmmpﬁssysttransmmmpetalscemdea:amhahs| tion netal
oxi de cat al yst gr?:gr?r oces ﬁr agraphs 16A to 21A, wherein
the pluralitySegteddtom P GOREH roéfcf ?fg 'é‘”rS‘r“mrPd‘r‘ separ ati on

syst ens Cconpr pagigiunt&He, pRsih@n oxidk,28Rinfem o%f¥ehhd'Bon &@Mdensat i on,
distillation, selective barrier separation, adsorption, or a conbr nation

ther eof WD 209740 r@}%&’é&?&&%@ﬁﬂé@ﬁ@%%32&%}1&&1@%&%@&?opf any of
paragraphs 16A to 22 wherein the plurality of° streans is recovered
t hr ough condeﬁwmsmem@éh@@ghwommer@parg@tpmm@ﬁommmg AThe process of

any of paragr llﬁg.Ar! r rs are

pol ynmeri zed usi E% a sbflg‘vt pro ésgg&n%ag@n% n%onrcrg%%gw@%?ry phase
process, nedi sapaptiessads@piomooessymbimatibn theeesfur e process or a conbi nati on

t hereof . 25A. The process of any of paragraphs 16A to 24A, wherein the
majority of t[822JFC Havingemowdhitylddsoritied ehipinvegsion] it edibdapppuiagidivy t he pol yner
wi th nitrogen

those skilled in the art that the invention can be performed within a wide range of
parameters within what is claimed, without departing from the spirit and scope of
the invention. All documents described herein are incorpqraied by reference
herein, including any priority documents and/or testing procedures to the extent
they are not inconsistent with this text. As is apparent from the foregoing general
description and the specific embodiments, while forms of the invention have been
iltustrated and described, various modifications can be made without departing
from the spint and scope of the invention. Accordingly, it is not intended that the
invention be limited thereby. Likewise, the term "comprising” is considered

synonymous with the term "including” for purposes of Australian law.



26A. The process of any of paragraphs 16A to 25A, wherein a nitrogen stream
is recovered fromthe purge stream 27A. The process of paragraph 26A,
wherein the recovered nitrogen streamis used to purge the polynmer of

hydr of | uorocar bon. 28A. The process of any of paragraphs i 6A to 28A,
wherein the waste stream contains nitrogen and is sent to the deconposition
systemat a nitrogen flowrate that is not greater than 6% of unit
production rate. 29A. A polynmer recovery process conprising separating
fluorinated hydrocarbon (FC) (preferalky hydrofluorocarbon) froma polynmer;
recovering the separated FCin a purgé stream and the polyner in a product
stream separating the purge streaminto a plurality of streans including
an FC containing streamand a waste stream and sending at |east a portion
of the waste €LAEM® to a thermally or catalytically oxidized deconposition
system 30A. The process of paragraph 29A, fwther conprising formng
hydrogen fluoride gas within the thermally or catalytically oxidized
deconposi ti ongay#igm and converting the hydrogen fluoride gas to a water
soluble salt. 31A. The process of paragraph 30A, further conprising
reclaimng the vatgpolyseishabepddst commfingThe process of paragraph 31A,
wherein the water sol uble _saIF conprises  sodiumfluoride or calcium
fluoride. 95 33A.2) Freparpie thesnplafergmyondackar agixaph eonugisingol) 80¢0r mier ei n t he
catal ytically L di [ s I t. i{i.on netal
oxi de” cat al yors AR EEdadR ARkl Y S 3T BE Rofls 1D ATHAEH wher o n

t he cat al yti cabtbm comprising ®chtalpst ormppsing ahansaggvaten) dip apt hesesn d to A@hsi ti on
nmet al oxide catal yst, selected fromdthe.qroyp.cansi sti of ;. C i um oxi des,
B num oxi dBLIe T (easEEWERES v SO AR B f RSBl GG REE) e r on
oxi des. 35A. dihentpr ocess of any of paragraphs 29A to 34A, wherein the
plurality of strggms i S. refcov red thro one .or nore s?ﬁgration systens
conprising conpr & &CgRering iomythe mixtugam it qcontaiipesieean; Hpelygerdreduct i on,

sel ective bargsesh anbLRahadtiean; adsorption, or a conbination thereof. [03221

Having now fully described this invention, it will be appreciated by
c) recycling the FC containing stream to the polymerization reactor,

d) sending at least a portion of the waste stream to a non-flare decomposition
system to produce a destructed waste stream; and

e) releasing the destructed waste stream to atmosphere,
provided that if the catalyst compound is represented by the formula MR,, where M is
titanium and R is a halogen or a hydrocarbyloxy group, then the catalyst compound is
selected from the group consisting of: TiCly, TiBrs, Ti(OC:H;);Cl, Ti(OC,Hs)Cl;,
Ti{OCsHg 1 Cl, Ti(OC;H7):Chy, Ti(OC;H;5)Bry, and Ti(OC,,Hps5)Cls.

2. The process of claim 1 further comprising forming hydrogen fluoride gas
within the non-flared decomposition system and converting the hydrogen fluoride
gas to a water soluble salt.

3 The process of claim 1 or 2 further'comprising reclaiming the water

soluble salt.

4. The process of any of claims 1 to 3 wherein the water soluble sait

comprises sodium fluoride.



those skilled in the art that the invention can be perfornmed within a w de
range of paraneters within what is clained, wthout departing fromthe
spirit and scope of the invention. Al docunents described herein are

i ncorporated by reference herein, including any priority docunents andl or
testing procedures to the extent they are not inconsistent with this text.
As is apparent fromthe foregoi ng genef@h description and the specific
enbodi nents, while fornms of the invention have been illustrated and

descri bed, various nodifications can be nmade wi thout departing fromthe
spirit and scope of the invention. Accordingly, it is not intended that the
i nvention be Pi mi %@ Prossrefiany of Waigisdeo 4prhereithpivetes plble saig” i s consi der ed
synonynous w he. at.aetudi ng” for purposes of Australian |aw. 96
CLAI M5 Ve C a%ﬁrf%c%\ﬁ%o gkr?éiﬁelz}ati on process conprising: a) preparing, in a
pol ymeri zation reactor, a mxture conprising: i) one or nore unsaturated
hydr ocar bon no s _having from.,2 t3t3g c}gr boré_{ at o iq&?a c%t al yst
system conpri Si ng e(?}ﬁcg‘fsy tan%8§%)‘6’ﬁﬁ % AoV HRCR L RPET S 95 Iﬁlpoﬁhanbet ween 5
to 100 vol ungstén(dompeisesenebf ibfe syotkmETel@ieddtom i lgtRipiesnsisihg af:f | uori nat ed
hydrocarbon (FC) diluent; b) recovering fromthe m xture, an FC cont ai ni ng
stream a poIVﬁ@g@&“@&f&dm@ﬁ@%ﬁ%%d%‘%tiéa@Y%8#1‘13"?5)“-recycl ing the FC
containing streamto the polynerization reactor; d) sending at |east a
portion of the waste streamto a non-flare deconposition systemto produce
a destruct ed Wast &hsprasessiofanylofdlaims|ida ) wiprdihthedoptilarditdedommositienst r eam t o
at nospher e, J Vi c(I:%d t?at if the catalyst conpound is represented by the
formula MR ,, R R fiumand Ris a hal ogen or a hydrocar byl oxy
group, then the catalyst conpound is selected fromthe group consisting of
Ti Cl4, TiBr4, Ti( H5) 3C1, Ti (0OC2H5)C13, . Ti (0OC41-19)3Cl, Ti (QC3H7)2d4 2,

Ti (OC2H5) 2Br 28 and M §Pocessif gpaieiaims 1o &, Whieerin the ngn-flafediderqupogifioner

conpri sing f ofBRGohyeQds Mdidesd de gas within the non-flared
deconposition’system and converting the hydrogen fluoride gas to a water
sol ubl e salt.



3. The process of claim1 or 2 further'conprising reclaimng the water
soluble salt. 4. The process of any of clains 1 to 3 wherein the water
soluble salt conprises sodiumfluoride. 96A 5. The process of any of
claims Ito 4 wherein the water soluble salt conprises calciumfluoride, 6.
The process of any of clains | to 5 wherein the non-flared deconposition
system conpri ses one of nore systens selected fromthe group consisting of
hydr ogenati on, hydration, thermal oxidgion, and catal ytic oxidation. 7, The
process of any of clains | to 6, wherein the non-flared deconposition
system conprises a furnace. 8. The process of any of clains | to 7, wherein
the non-fl ared deconposition systemconprises an incinerator. 97 9. The
process of any of clains 1 to 8, wherein the catalytically oxidized

deconposition system conpri.ses a,transition netal aoxide catalyst. 10. The
process of aﬁy of &ﬁ?gﬁoﬁ%‘gf%?!gfg,d%%ﬁq%@ﬁ@ﬂﬁéﬂ&%ﬁ%ﬁaﬁ?ﬁﬁl eam pol yner
product st reeiciifbsiias bftdhh EQRItsad LuiRROM et okids euglitone or nore _
separation systens conprising conpression, flashing, cooling, condensation,

distillation, selective barrier separation, adsorption, or a conbination

thereof. 11,4Thetps g@ﬁgsg opgna,radg)éﬁlc £l %ellcintdtﬂe B cobliehSishedne PC

cont ai ni ng stream yer stréam and Wwaste str&am ar’e recover ed
t hr ough condeolyatet prodestdireaekelcovastesstioan preaecovapd tatighrone dPmotkhe process of

any of clains 1 to 11 further, conprisin olLynerizing the .one or nore -
rm%orrers ulsi ﬁﬁ’aﬁa“%lsfﬁ‘?%ncwmgggmlﬁg?‘%hﬁgﬁ}/“&‘Ef’!é’@g%’,%og WHPInhase process,

medi um pr ess disGHRIGRAC Sk&tivebSHerRERERIUNEaddbPEES Br QEorAbifiMAItReEdfON t her eof .
13. The process of any of clains 1 to 12 wherein the recovered pol yner

product stream contains not greater than 100 pm by wei ght of total

hydr of | uor ocaj bongbased PardyQhrd ihe] o, Qhebiignd BE QMRS - Rebaer product
stream 14. TE]e proc@?s (s)? any o*alcl alg)nms’l %ro ?5 wher el ng?ﬁe Wwast e stream
cont ai ns polymer product stream and waste stream are recovered through condensation and

selective barrier separation.

12.  The process of any of claims 1 to 11 further comprising polymerizing the
ONE Of Mmore NONOMers using a solution process, gas phase process, slurry phase

process, medium pressure process, high pressure process or a contbination thereof,

13.  The process of any of claims 1 to 12 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.

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 ! to 14 wherein the waste stream contains
vitrogen and is sent to the decomposition system at a nitrogen flow rate that is not

greater than 6% of unit production rate,



PC and is sent to the deconposition systemat an PC 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 streamcontains nitrogen and is sent to

't he deconposition systemat a nitrogen flowrate that is not greater than
6% of unit production rate. 98 16. A process conprising polynmerizing in a
pol yneri zation reactor one or nore unsaturated C2 to C30 hydrocarbon
nononers with a catal yst systemin thec?@r esence of a diluent conprising
between 5 and 100 vol unme % of FC (based®upon the volune of all diluents) to
form a hydrocarbon polymer; recovering a mgjority of the hydrocarbon

polymer in a polyner product streamand a majority of the FCin a purge
stream sepafatin : a‘fﬁﬂ. ral bk j ncluding a
FC cont ai ni ngff’gt re“g%%@%ﬁg%gﬁsa%% st rdezg{%lqnggﬁ%ﬁﬁgiaggyfegggﬁ%%ggﬁ% on of the
wast e st r eam unsatarated € taCio\hydiocarbert mbyomiegawvitlya catdlvhit swtbntimcheapressintd s syst em
and recycling.the FC containing str.eamito .th I rizati re or,
wherein the g%{“ ’I%f(s”tnpg%% genty %e(ﬁsparqulgg Vglmﬁlgl}ﬁ/@c?@’g%/ﬁﬁm %5'[" (gjlllrﬁ% tO?glo npound
and an act i vadileents)an tbrfpr Oiwidetedrbbin adlyinkr; tdrevpink y mejdrizadf thahphdalypat  conpound
is represented . by the formula MR, where Mis ti Lumand R is a hal ogen or
a hydrocar byl W}(VXCQ F%%B?Iy?ﬂé?{oqqﬁbs@&?ﬁ%f“ab%%‘bﬂ]h‘iaj]% U ARTERUEA™E r om t he
group consi Sfepddgin@fthe ﬂflrgé]ﬁrcm-ﬁi iﬁbﬂ,plﬂl(mm%cluzﬂné m%)lﬁﬁﬁ}lg siredri0CA

19) 3C1, Ti (0OC3H7)2d 2, Ti(OCZHS%ZBrZ, and Ti (OC12H25) C13. 17. The process
of claim 16, PdRMReE SEeAms Seudinpgatiasts nogionad fisguasterstea ioretheally §f t hin the
thernmal l'y or é&?a&»%'céﬂy‘&?di&éﬂd&&rﬂbo%ﬁﬁn@ TRAS tdey QiR e MeFCEnBRMHng GRIU]S L1 Ng the
hydrogen fluoride gas to a water soluble salt.” 18. The process of claim 17,
further conprthepsignerzation rengier, whercinghegatalyst sygicm cogmprises ppolypsizgiodcess of

claim 19, wh Jaga:lﬁt ézagxﬁyo §la AQLEONG aﬁaﬁ'ﬁ}ovgc%ﬁyait T ite @@%%H%t&]j&c‘d fsgle or

cal cium fl uori e process of any al ns rein the

t hermal | y oxidipechd idepoyposd by the feynsladviR c.orierd Masti@nifimrand 8ds ehalpgepioner at or .

21. The process ,of of cIeHI'ms 16 .t0.20.  wherein t catal ytically

oxi di zed dec@ﬂfgfnosc’ilrt ?%’r‘ny §r§’§'?’e ctg%artﬁlgségorgp({upgﬁissf e?tS‘jr]\g‘?rrept ﬁg%'%’l de catal yst.

98A consisting of: TiCly, TiBrs, Ti{OC,;Hs);Cl, Ti(OC;H;5)Cls, Ti{OC4Hg)sCl, Ti(OC3H7 ) Cly,
Ti(OCzHg)zBI‘g, and TI(0C1 2H25)Cl3.

17.  The process of claim 16, 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.

18.  The process of claim 17, further comprising reclaiming the water soluble
salt.

19.  The process of claim 19, wherein the water soluble salt comprises sodium

fluoride or calcium fluoride.

20.  The process of any of claims 16 to 19, wherein the thermally oxidized

decomposition system comprises a furnace or incinerator.

21. The process of any of claims 16 to 20, wherein the catalytically oxidized

decomposition system comprises  transition metal oxide catalyst,



22. The process of any of clains 16 to 21, wherein the plurality of streans
is recovered through one or nore separation systens conprising conpression,
flashi ng, cooling, condensation, distillation, selective barrier separation,
adsorption, or a conbination thereof. 23. The process of any of clainms 16 to
22, wherein the plurality of streanms is recovered through condensation and
sel ective barrier separation. 24. The @ggpess of any of clains 16 to 23,
wherein the one or nore nononers are polynerized using a solution process,
gas phase process, slurry phase process, nedium pressure process, high
pressure process or a conbination thereof. 99 25. The process of any of
clains 16 to 24, wherein the majority of the FCis recovered in the purge

stream by pur gefng tLHePIGRSFRE ALY PRARIRE 1§ tnydm whegin theplupplibrefstiessis Igny  of
clainms 16 to .ﬁbﬁ% i B I &éﬁ% t he purge
stream 27. T%%B%%ggg of nglogﬁlrgﬁ 26,3?%&4%% |tﬁﬁ%ﬁ% e%@%@g&%ﬁ’r ogen stream
is used to pulaghéng, reclprgl genslensafior dutidtionosetectivdmmier28pardion. pr ocess of any
of clains 16 t (qumwherekﬂ?tQF ste streamcontains nitrogen and is sent
to the deconp8Si¥Fon SATEM R A" P ogen flow rate that is not greater
than 6% of unit production rate. 29. A hydrocarbon polynmer recovery process

conprising separating fluorinated ,hydrocarbon (FC) from a hydrocarbon

pol yner; recovéri nght ROCEEpAnmt Aslanes | Gto22 whefetn e PRERNLOTSUERRS Thy dr ocar bon
polymmer in 2 ReAYEA uBbigBABhacheRdhahd MkcinbtibdRpabigam into a plurality
of streans including an+C contal ning stream an % waste strean and
sending at |east a portion of the waste streamto a thermally or

catal ytically . gxidized dec ositi.on.syst.em wherein the waste stream
contai ns FC aﬁg‘ i s SeRPCE 0? H‘B’C’Sfld’ﬁe%’ﬂf‘rﬁié’l %3I g’ha@@"e?ﬁeaqt ot WEPYRYGP FC f1 ow
rate to unit pfakEhdried biiapa baiRonQirodtsd, gaiRsd Mocdsh) 3MnS-phask prétss, The
process of claim?29, farther conprising Eor m ng hydrogen fluoride gas

Wi thin the th&CFBIN PregreRpeass hisharesiurs RTasrsed agaabipa thereef. syst em and
converting the hydrogen fluoride gas to a water soluble salt. 31. The
process of claim 30, further conprising reclaimng the water soluble salt.




32. The process of claim 31, wherein the water soluble salt conprises sodi um
fluoride or calciumfluoride 100 33. The process of any of clains 29 to 32,
wherein the catal ytically oxidized deconposition systemconprises a
transition netal oxide catalyst. 34. The process of any of clains 29 to 33,
wherein the catalytically oxidized deconposition systemconprises a
transition netal oxide catalyst selected from the group consisting of:

cal ci um oxi des, al um num oxi des, mnagnhe g um oxi de, pl ati num oxi de, chrom um
oxi de and iron oxides. 35. The process of any of clains 29 to 34, wherein
the plurality of streanms is recovered through one or nore separation
systens conprising conpression, flashing, cooling, condensation,

distillation, selective barrier separation, adsorption, or a conbination
t her eof . 25.  The process of any of claims 16 to 24, wherein the majority of the FC is

recovered in the purge stream by purging the polymer with nitrogen.

26.  The process of any of claims 16 to 25, wherein a nitrogen stream is

recovered from the purge stream.

27.  The process of claim 26, wherein the recovered nitrogen stream is used to

purge the polymer of hydrofluorocarbon.

28.  The process of any of claims 16 to 28, 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.

29. A hydrocarbon polymer recovery process comprising separating fluorinated
hydrocarbon (FC) from a hydrocarbon polymer; recovering the separated FC in a purge
stream and the hydrocarbon 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, wherein the waste stream contains FC and is sent to the
decomposition system at a ratio of FC flow rate to unit production flow rate of not

greater than 0.1:1,

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 sodinm

fluoride or caleium fluoride.
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33.  The process of any of claims 29 to 32, wherein the catalytically oxidized

decomposition systemn comprises a transition metal oxide catalyst.

34.  The process of any of claims 29 to 33, wherein the catalytically oxidized
decomposition system comprises a fransition metal oxide catalyst selected from
the group consisting of: calcium oxides, aluminum oxides, magnesium oxide,

platinum oxide, chromium oxide and iron oxides.

35.  Theprocess of any of claims 29 to 34, wherein the plurality of streams is
recovered through one or more separation systems comprising compression,
flashing, cooling, condensation, distillation, selective barrier separation,

adsorption, or a combination thereof.



