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presence of impurities dramatically increases production costs and is a detriment to

product quality. There is a need, therefore, for a cost-effective way to remove impurities

in the feed streams prior to polymerization.

SUMMARY OF THE INVENTION

[0004] A method for olefin polymerization is provided. In at least one embodiment, the
method comprises providing a feed stream comprising more than 0.1 ppm by volume of
oxygen and 0.3 ppm by volume of water, passing the feed stream through a first packed
bed to selectively remove at least a portion of the oxygen, and passing the feed stream
through a second packed bed to selectively remove at least a portion of the water,
providing a purified feed stream comprising less than 0.1 ppm by volume of oxygen and

0.3 ppm by volume of water. Both the first and second packed beds operate at a
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thereby providing a purified olefin feed stream having less than 0.1 ppm by volume of
oxygen and less than 0.3 ppm by volume of additional carbon dioxide, and then passing
the purified olefin feed stream to a polymerization reactor, the reactor housing a fluidized

bed comprising a polymerization catalyst sensitive to oxygen and carbon dioxide.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] So that the manner in which the above recited features of the present invention can

be understood in detail, a more particular description of the invention, briefly summarized
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[0011] Various terms as used herein are defined below. To the extent a term used in a
claim is not defined below, it should be given the broadest definition persons in the
pertinent art have given that term as reflected in at least one printed publication or issued

patent.

[0012] The term “impurities” as used herein refers to a component or compound that
reduces the activity of a polymerization catalyst or adversely affects the operability of the
olefin polymerization process. Illustrative impurities include, but are not limited to,

oxygen, carbon monoxide, carbon dioxide, hydrocarbons having oxygen-containing
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Alternatively, two or more packed beds of different purification material may be arranged
on top of one another within a single container/vessel. That arrangement is referred to as a

“stacked bed.”

[0015] Figure 1 schematically depicts an exemplary process 100 for olefin polymerization
according to embodiments described herein. The process 100 includes a purification
section 101 to remove one or more impurities from a feed stream 105 prior to a
polymerization section 150. The purification section 101 can include one or more
reactors/vessels that each contains one or more packed beds of purification material for

impurity removal. As shown in Figure 1, the purification section 101 can include one or
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no external heating and/or cooling equipment are needed for the feed streams. More
preferably, the packed beds 120 and 140 operate at the same ambient temperature. For
example, the packed beds 120 and 140 can operate at a temperature below 90°C, such as
below 50°C. In one or more embodiments, the packed beds 120 and 140 operate at a
temperature ranging of from a low of about 0°C, 5°C, 10°C, or 20°C to a high of about
30°C, 40°C, 50°C or 90°C.

[0019] The one or more packed beds 120 or “first packed bed 120” may include any
purification material for removing oxygen at ambient temperature. Such purification

materials include absorbents, adsorbents, catalysts, reactants, and combinations thereof. In
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[0021] Preferably, the water is removed from the stream 125 to undetectable limits. As
mentioned above, the packed bed 140 or “second packed bed 140” preferably operates at
the same temperature as the first packed bed 120. The second packed bed 140 includes a
purification material for selectively removing water. The second packed bed 140 can also
contain a purification material for selectively removing other oxygen-containing
compounds and polar species from the stream 125. Illustrative purification materials

include molecular sieves and activated alumina.  Suitable molecular sieves are
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of growing polymer particles, formed polymer particles and catalyst particles fluidized by

the continuous flow of polymerizable and modifying gaseous components in the form of

make-up feed and recycle fluid through the reaction zone 162.

[0025] The fluidized bed has the general appearance of a dense mass of individually
moving particles as created by the percolation of gas through the bed. The pressure drop
through the bed is equal to or slightly greater than the weight of the bed divided by the
cross-sectional area. It is thus dependent on the geometry of the reactor. To maintain a
viable fluidized bed in the reaction zone 162, the superficial gas velocity through the bed

must exceed the minimum flow required for fluidization. Preferably, the superficial gas



and conpressors 190 or alternatively, sharing any one
or nore of the associated tanks 175, 180 and
w@owpna®sor s 190. For sinplicity and ease of PCT/US2005/044234
descri ption, enbodinments of the invention will be
further described in the context of a single reactor
train. [0024] In one or nore enbodi nents, the reactor
velog@y iinet leat swa timeescthe amnimome flb62vélocify. uDdlinarily, the superficial gas

0 ni cati on Wit ocity reductjon e 164.
ey et hebed 5 R SRS LAGRE BRDAoHY ssob SHEHIER:
particles, fornmed polyner particles and cat al yst
(002 tIhCéeﬁéraf |tk Héi gﬁdtob&ahﬁtér &R bhHRURadtlddeddk 162 can vary in the
pol yneri zabl e and nodi fyi ng gaseous conponents in the
rafiger ¢f) fodm nxhwet b tg aant nld Texaniee df| agueses eanoAgH tq laeger or smaller
raé esaa%{,d (? pgrrl) seu roéﬁgee d%%ql%a%&oc-ir r2:?10 cgéa%itﬁeﬁr?gicg?sgﬁg t?cgl‘eil area of the
velGRitly ReduREbA Zohe S6AB tgpiesitedithin thbearperdtabait Do sougadnultiplied
through the bed. The pressure drop through the bed is
bydthe s10st-secsipnal jaresaf|the waetianazone A2 t he wei ght of t he
bed di vided by the cross-sectional area. It is thus

[o#SPeneniody (t AR AR Qgﬁ‘é {64 Rfs 4 Bfpel GRfel Blametd? (R t‘ﬁE @éd&tlon zone
a viable fluoidized bed in the reaction zone 162,
1@up4mr the clamle sggsestsethooielocity reduehn zhee b@dslnws theeval@cetd' of the gas

he ni rum fl ow required for ui di,z
ey B Dbl %t SEoPE aieyadbil BUfyo & gos velogity drops the
entidfhel fpﬁﬁﬁ:lets higtothdbéd bW MY 884 toyflovffbnihei rkttort 160, That gas
superficial gas vel oci t oes not exceed 5.0 ft/sec

exafifg; the gugrheadrnd thpveactoh 16D B the recyde gas streamf k49¢i ent .
[0026] In general the height to dianeter ratio of the

[01%2_%?%&0 eséxje?% %@9’] iy %F)Mlgk@se%dhﬁl " a&ﬂﬁpr@;sol" ey ﬁﬁokﬂen passed
1 1to a range, of course, can vary t
thfcmgg arheatr e;&haigemone aﬂllemshfmnﬂ relmpeatjlsefumomstmmmtelsto rthmlbed. The

ction ca aci.t The cross-se onal of .the .
he PERBDES st 1o Ay i Ly Beal G ChareRs, 10 SR G o i {gcporizontal or
verfg &y pd. aﬁoﬁésu%dt QefdUhest Brthhhgird @dnbye tddloyed to lower the
Cr oss- sectlona area of the reaction zone 16 0027

teffiperatua¢ of theycycledias 1str®nn mosreges6dt Isaascapdsaiblfeio Ipeate the compressor

d|a ter. th ction zon

oStRfBT o The Yo CRfGeE e 0 RF G bnede i pp, several hea
ex¢BApetst YARér dddEingake digcleGueha it Ae@as ésltheresdor 160. The cooled

sectional area. This reduction in gﬂs veIOC|ty dr ops

recyfde grpappibseds pis hoab plasagtipngenrateg &y thepel meﬁgatmrwlon
gas to flow fromthe reactor 160. That gas exiting the

[o&ﬁgrlk}?ﬁﬁjab?? th{Rci QB Ohn Raubiibalr) e rREAG! R0UAR (& tHcARMized bed
149. ecycle stream 149 is conpressed in a

thomigh megs distrdif@oraplatet 1196 n Ao gassdadllector 196 is preferably installed at the inlet
to the reactor to prevent contained polymer particles from settling out and agglomerating
into a solid mass and to prevent liquid accumulation at the bottom of the reactor as well to
facilitate easy transitions between processes which contain liquid in the cycle gas stream

and those which do not and vice versa. An illustrative deflector suitable for this purpose is
described in U.S. Pat. No. 4,933,149 and 6,627, 713.

[0030] A partially or totally activated precursor composition and co-catalyst (hereinafter

collectively referred to as catalyst) is preferably stored for service in a catalyst reservoir



t hrough a heat exchange zone where heat is renoved
before it is returned to the bed. The heat exchange
wa e/ 07®9d ypi cal |y a heat exchanger 192 whi ch PemURm®0RI044234
the horizontal or vertical type. If desired, several
heat exchangers can be enpl oyed to | ower the
tenperature of the cycle gas streamin stages. It is
1581 wrlepaddartker of @ dagowrliich ihmeaowpthe sswed doweriad rﬁmmafsrmm)gen or
nger or at an internediate 0| nt

t he hea ch
argQny o (AP eF?Z’i:\X’ & CHAHYRL  ESerypir e];ysc 5o Fﬂ‘H@pedt athy éc@‘é‘;“é Suitable to
contif Rl feed ?ﬁé"&ﬂ@gstt iftd ﬁl% &6t 960.16G: 1lf[1'§§atﬁ%°&a@ﬁyst rgservmr is

recyc stream abSorbs the heat of reaction generate
shb\yntahé dpstipedin Y. iPan Ne a0 2, {dD@Z@ppl@r & gatsa\bhryh it imert to the
cIe streami s returned or
st ich &b SUE RSB B drpiegad ot d RS by Meccaflist Bt the bed.

Pr@fe%?y qgd LAFEOEasli@Ghd Sand & @edirikel ?@t Wel §6r fbriiglthe catalysts in

inlet"to the reactor to prevent contained polyner
thpeataliystireserfaivhset t 1 i ng out and aggl onerating into a
solid mass and to prevent |iquid accurml ation at the
t L], t
oS8 e 8847kt E3HE ol AFLALAHRA AR i pomer

paﬁ'ﬂitﬂesc(y@llfs gE@r &Iam;ﬂfmthm dattlysisB mj&c«eh 1dt0 thé)lbedmd avpodre above the
ustrative defl ector sui

hi s
dlﬁubbteg elqt% 18%5 dpiepdRg the qatalystpsia P%att abp V@s'%o rfuffcsrdawwn plate 195
prgwﬁgs?satlyag‘tor)ﬂ nge}g&orﬁ)fp@ﬂﬁfd?ﬂeh%CQ gofﬂ@izhﬁfor@&tab%f"t fiffection of the

recursor conposition and co-catalyst (hereinafter
cadedt @td itheedrga belosr the dlistobwer plateal%ﬁsto)lld saupe pblynepizgtion to begin

th%qte%hg gyéxglgal e(%\ééec :gglﬂg ogaqt gié¥{1lgltt8r PIA etrgv@i r g[%gctlijo%dcﬁgecay into the
fluTBized lb@d aids Uk Ristsbutink B8 RAtaBist afiBhly Mi8hgiocdbkhe bddgnd tends to
catal yst reservoir 155 is equi pped wth a feeder

aveid ﬁlakﬁm@attl@n@émahm@ms gfdegh eatelyy eoaeapsatipmpwbichiran cause “hot

spoﬁa% ?%%%6% %@ppb of C&H?S %z(t%tyg ﬁBa@E Q'k%c%r fﬁ&?sfg;r X8 éﬁ ?é& can result in

exe¥aiRl atalyst gagyower ditoi the iretgtle lim I496whateaﬂo)lfy3henzsluoin casld occur
ni.trogen or ar 0 car

fer abl th ,
leeda%mkuggwgd)fqh% lipg 448 e%?ls%aeaq%bgnsagh é5%am éﬁt/w@tgg cpmpound, if
utﬁﬁ@d S@z{ﬁeb@%dctl&ietcp ltlﬁ:”l‘e%&tl&?%s?éﬁ%ltil&r dRtQRly o ttlliLe ﬂuldlzed bed or

catalysts in the catalyst reservoir 155. [0031]
dovatsabays tof ithe heaj exdhadgatl 92, powhich icatedthe hetitaeat lswﬁeﬁ mto the recycle

00d,. m Xi ol yner particles occurs. For
y%’)‘(‘%fﬁ?lgac{}%)gn%eégggyst is injected into the bed at a
poi nt above the distributor plate 195. Injecting the

[0632] albesinoabmarsp@inie HaRdecddn@ialilet polimedigition! Ahe ul%nous ways
provi des satisfactory operation of a flujdized bed
inglydipgedireshinjemionethequgh. a nogaisc {nogshewn ipdhe drawing) into the bed or

cycle gas line 149. The monomers can also be sprayed onto the top of the bed through a
nozzle (not shown) positioned above the bed, which may aid in eliminating some

carryover of fines by the cycle gas stream.

[0033] Make-up fluid is fed to the bed through line 147. The composition of the make-up
stream is determined by a gas analyzer 151. The gas analyzer determines the composition
of the recycle stream and the composition of the make-up stream 147 is adjusted

accordingly to maintain an essentially steady state gaseous composition within the reaction



catal yst into the area below the distributor plate 195
coul d cause polynerization to begin there and
wey@nhuwabd y cause pl uggi ng of the distributor PCEUS2005/044234
195. Injection directly into the fluidized bed aids in
di stributing the catalyst uniformy throughout the bed
and tends to avoid the formation of |ocalized spots of
zohe gh2.c dthal gas andyrer didt raanibera edrivehtiorah gasnarsdyzeh dtat determines the
spots” to form..lnjecti.on.of the. cat t. into the
re e St sOTRBUIRD (P ANHERILAIE FRiSh) U TehS SieElcpebonens.  Such
eqBfin@hY &lcorBhdrtiaMPhvdiRbR fidif avaiay Ghfetl of Soukdd. TH@E% analyzer 151
pol ynmeri zation could occur leading to pluggi n% of the
is tymieally4®sioded trareceixe isah ffem 4 samplxg paing lpgated between the velocity
ompound, i f utilize can,pe added to the reaction
re@'ifgig%"%‘? l¢14e*i'“%d1"'?‘e%&°ﬁ§f‘%eﬁ?%£t he fl uidized bed or
downst ream of the heat exchanger 192, in which case
[0039E Ete! ratéadf Polyrserfpeotuictibn i the bedal¢pls Dygheratd 60atayst injection
di spenser 156. [0032] The nononers can be introduced _
andnths ¢ansesEtionedf MONPEFI(Sie the, r¢ackpR ZONGay The frpdustiqy rate is

: > i o . .
cofivafiiy Btihiel by Y hauRE he AR0L B iffedddf. Since any
changeoimeths ratarof alatabysb énjeqioayweidl drange theerebatpnofate el thesl the rate at
t.hrough. a nozzl e. (not. shqwn osi tioned above the bed, .
whih it BRPAine e e e TRGTLE Gt ' BBt SRR Ehtering the
refort i6 8djayted & &%§n§ﬁdd§@'ﬂn1%§%]ﬁn WRk@reld¥ hfebtl'geﬂel}aﬁ?ﬂ%gﬂhis ensures

to the 'bed through |ine e conposition o

theraeinignanea eddmans espentigllyi eeustant dergpesaturealipzthe b8d.  Complete
. The . an r, det er.mnes the conposition of t.he )
iRl R A LR R b o BRSE b2 Fool i svstem i, of

cotifsecaseflidid d&e@dinystetper@aordhiangd yn tie b&al 8b @k Noadmable either the
essentially steady state gaseous conposition within

OPEFAROT APy AREME] JWomatiy gonjEad sysemnyto anakesysudtghleisdjugtment in the
wﬁ@&%ﬁﬁéBﬂﬁ@ka&@ésﬁ@ﬁhyzer that determ nes the recycle
S

ream conposrtion to maintain the ratios of feed
stream conponents. Such equipnent is comercially
[0636hi Undelr e £ivem szt \if depevating e¢opdofons,othecBeidiZé ebegais maintained at

anal yzer 151 is. i call osi tigned ecei ve S
es ol &.5 Saffan et P gt B8 bunoRicel B boG & el e rare of
fotrRstitmt ofQhe P&ﬁ@ul&@”p er8duceX SHRB IR rald8f hdab Pfelatibags directly
rate of polymer production in the bed depends on the

P . . .
refagadeto dlte wata @ff Rrodudt fprenetipmre mARpurenecn Ohteriemperpigre Bie of the fluid
ongr n €;: e.. o) r . .
oSSR (bt ADSUTBASE SRS i ARG 1P i i
tempeatuné) is ahditatise of nheedté ofi parficulae polymer formation at a constant fluid

velocity if no or negligible vaporizable liquid is present in the inlet fluid.

[0036] On discharge of particulate polymer product from reactor 160, it is desirable and
preferable to separate fluid from the product and to return the fluid to the recycle line 149.
There are numerous ways known to the art to accomplish this separation. In one or more
embodiments, fluid and product leave the reactor 160 and enter the product discharge
- tanks 175 (one is shown) through valve 177, which may be a ball valve designed to have

minimum restriction to flow when opened. Positioned above and below the product
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change in the rate of catalyst injection will change

the reaction rate and thus the rate at which heat is
wogersarreved i n the bed, the tenperature of thePCEABLI0S/044234

streamentering the reactor is adjusted to accommodate

any change in the rate of heat generation. This

.ensures .t he nmai nt enance, of, an tially,.co t
digcBage a0 P SHEBEGA TOHE Lt 17 R (TSPl Forigys passage of
prO@IDirkMhelProtiudi 486k BERs P8t ohioreas Yisdwin)st r eam cool i ng
systemi1s,” of course, useful to detect any tenperature

change in the bed so as to enable either the operator _
[0637] dncotypésal ingnigl ofsepesiioni valyenk77ols apgstaseh tabveral/8,1d9 are in a

c@sﬁifﬁggﬁ'p&r.gg@fi&@gg}digett?rstgtﬁ PR rcgéigc[)h%r ;t?{.ll‘n gﬂ. eGY%E§77 closes

andQREpiddaBSis allbRed tolietile Brthb @eodust aBLIN @S @AK 135. Valve 178 is then
essentially a constant hei ght by w thdraw 1g‘8a portion

opshed permbising £hi to dget fram the Prodycedischargs takildn torthe fractor 162.

Lcyl | : ' . .
VT LI AR BB RS UL orcied 6% Hlinb B iPloc piluct discharge
ahlo 1 TEflows i dir ¢ tamk 180e M Et%is thien adlossd. Ffoduct is th
Dot 5t ot SR 0 LS, BEEEE
t e I
pL#rge,?i ©AehbSe Psidae hg&ﬁ)gar%nspzﬁ{dt &ﬁllL&E?é_detOF%f@(lf)rxg@Br compounding. The

mation at a constant fluid velocity if ho or

panégilirgimbing seqpocé afibe oalviesd7'l 1§78, pTBd8Atis agromiplished] bat the use of
fluid. ]0036] On,dischgarge .of particul ate pol r

copYERtioDe PRI S oG Syipch 8 el iAgRdn B AT
preferable to separate fluid fromthe product and to

(0638} UARoth&eprbfetted ptaduthéisetpesecdysiehi taich4flay Bhslitgnaively employed
numer ous ways known to the art to acconplish this

1s Jlagd shsslasedh and glagped By Usp Pat- &V defidehs §uq:h {PYPtep §mploys at least

r ol p . . .
ot QUM BEPAP SRS s 10Tl b By bhged i s
- anfttiavingnthy séyarsied gasl phast veturded frgmetdie ttap bthe setthigntank to a point in
restriction to flow \Mﬂen g ned. Positioned above and
furizeg B6E

thg sgaster nRA the Wl Pl kA f ank 175 are conventi onal
val ves 178, 179. The valve 179 all ows passage of

[ofoP dHied f1hialz8d HBE rdate Cdquipped Svithadhkaieddifle (&ting sPstémi(Bot shown)
shown). [0037] In a typical node of operation, valve

tojatlpwi vensipgtheabedl duringesiart wp and shyjrdown, Bhecreagagidoes not require the

0Si tj.-on. u a -] Ui t raduct :
o8 Rt OB ShuNaing ' S Mepbic, e NUOTHES he glements thercin
(cofpadsberedo,t hesettdhangen 192 phiomidicdie dinsothasgdadednind devoid of

175. Valve 178 is then opened Eeerrri tti ngﬂfl ui

o flow .
ugneERs B ORHHEHRNS B 8% O & 1mpRRe 159 Thoy sedisfechBid of Entained
ngrﬁgles.

[0040] Various techniques for preventing fouling of the reactor and polymer
agglomeration can be used. Ilustrative of these techniques are the introduction of finely
divided particulate matter to prevent agglomeration, as described in U.S. Pat. Nos.
4,994,534 and 5,200,477; the addition of negative charge generating chemicals to balance
positive voltages or the addition of positive charge generating chemicals to neutralize

negative voltage potentials as described in U.S. Pat. No. 4,803,251. Antistatic substances

-11 -



Val ve 177 is then closed and valve 179 is opened and
any product in the product discharge tank 175 fl ows

WO adoe/0tdogs pr oduct surge tank 180. Val ve 179 i sPCTiEs2005/044234
cl osed. Product is then discharged fromthe product
surge tank 180 through valve 184. The product can be
further purged to renove residual hydrocarbons and

mayo alse \bedadded,s¢itreagentimuoasyparumctirmgtentiy go qaetenc vk akutralize static

timn equence of the lves 177, 178, 179, 184 |
ChgEOHDFTCHE] D9 IHEESRO% SR PEnas Bratedntialis Pat Nos
4,580 L ETE53TIN cah Cal¥ebe KA 'eﬁsﬁr@eoﬁé’ribilit_[yohf;anié? fluid bed

Anot her preferred product di scharge system whic
pobnerizatomand toaissistambeayrenoval. t hat di scl osed and
claimed in U S Pat. No. 4,621,952. Such a system

enpl t | east one. (parallel ir,of tanks . . .
RSl p88Rleer Phish REARe niksbalthlonrnt Bpltierizaion section 150
in@Gd& HYL e ridt Sidile@StoaRé fdlRWiNg poletst@r! polgpropand@p6lymers of

returned fromthe top of the settling tank to a point

ethylenen eccopelystesy aiepiopylsre.t BplyisppieRe (Cisul.tipebsopesae); polystyrene;

hewt | uidi . o : i
pok R RAent SRk (OO0 AR bR Rlymlcho B A ARE e B3 Tootymer of
actyienibrilel bluadiag: sidstyranp);aNitrileh(polydenrof blielieneaipolymerized with

R A e v g Bt s
(péﬁ:ﬂé{e‘?' oF @ﬁ?mﬂée fynléed NRRE HUENBNIETEPEM) (ML 0P &thylene

oth surfaced and devol d of unnecessary obstructions
copolyasrimed with prpytimet dnd f1| dioneofugheay diewadiéng dligyclopentadiene, or
entrai ne articles. [0040],Various techniques.for . )
e RIS PP S BRSPS o TS By Syl siloxane)
coPHFhRAE bAEIhYIRnE ARd BenHERAbthdy $iRhEaEdpotyrdrs tofieff/lene and one or

techni ques are the introduction of finely divided
meygrafjagiyleniGilergpaleie acid gsteasy eyl aggpieneqrali¢ and mghacrylic acid esters

' ' .S. Pat. Nos. 4,994,534 and 5, 200, 477,
m’tqﬁléﬁg{ljtg{%gfﬂggeogf negati ve charge generating chemcals

to bal ance positive voltages or the addition of
[0gz#@K | Thevepndhisng dorgenl pmerti zatigne hanyi depesdin® upautheahomeners, catalysts

egative voltage pajentials as described in U S .Pat..
anrtipriggs 3sibi, | DRe Heciii, BRrLinos cHR g A 5" BEYsgivable by
th8del sRATedGR MHel A Ol eXaplel the@Eripdrht@itsla¥e WwithitBY fidle Of from about -
neutralize static charlgf_g> generation. Condensi ng node

1036'de abpwrl 20 Hoften abovic] € abputy). 18°C pEressiyes are within the range of

4 543 3 nd 4 nh30. C l.s e 0
.
Addifibisdl detailheypolyaefxation can be found in U.S. Patent No. 6,627,713.

[0043] Figure 2 schematically depicts another exemplary process 200 for olefin
polymerization. The process 200 includes a purification section 201 having at least four
packed beds 210, 220, 230, 240 for removing impurities from a feed stream 205 prior to
the polymerization section 150. Each packed bed 210, 220, 230, 240 operates at ambient
temperature, and preferably at the same ambient temperature. The packed beds 210, 220,
230, 240 operate at ambient temperatures so that no external heating and/or cooling
equipment is needed. For example, the packed beds 210, 220, 230, 240 can operate at a

temperature below 90°C, such as below 50°C. In one or more embodiments, the packed

212 -



[0041] Illustrative polynmers which can be produced

Wi thin the polynerization section 150 include, but are
woetehidopd ed, to the foll owi ng: pol yet hyl ene, PCT/US2005/044234

pol ypr opyl ene, copol ynmers of ethylene, copolyners of

propyl ene, polyisoprene (cis-I,4-polyisoprene);

pol ystyrene; pol ybutadi ene; SBR (pol yner of butadi ene
bed@btﬂ V2207 2305 Q4 diplrasd gftrzetw)p,eraﬁE}S r(nﬁgihg fem afow of about 0°C, 5°C,

AR ad L e I S s

acrylonitrile); butyl rubber (polynmer of i sobut yl ene
(0039 Th YTR' b Gthrdd éxﬁbddﬁﬁ&ft@ N@k; feéi’%t&ﬁﬁl c?%oﬁamgn@vél%@ sulfur-
copol ynmerized with propylene)
coptainmhg pempamds ycwargclz,e@ewlenh parbqny lrrmmexmlndcaetbmh diogidsuwiater, and
or eth

DL R sreven afs PlerareR 81RO i it gy Zhatidn oS, oFor example, the

feédoakeaﬁi pEs heludeb |n€8fé“ﬁl@a)n 5 SPRObY FBlufncOsf KReh¥eRNG.5 by weight
vinyl trinmethoxy sil ane; copolgners of ethyl ene and one

(PR SUlfBr-genigining; eompasndsye). 3i ppac P ce@@@ rmgonoxidey 0.5 ppmv of
t I t
cafficiniae, B ¥orhf o PSR AIPPy TRk pE] Bbfy Bt hethanol. 1n one
or pabienembadines s theafegd defeamd 208 mummstrheremha@ re$ ppmw of sulfur-
cat al ysts and equi pnent. availahility. The specific
Coe@mﬂl& FYRROUS TAEsRaB O- BRIBY 10F ofugsny Hre thap 3 pB@Y of acetylene,
d#n%% mivid c8fbh nf(ﬂ{oxﬁi)éafﬁﬂeevhaﬁ Q%pmaﬁ;oﬂrcﬁéxlaé fmore than
I'n t range oP rom about - 10C'to about 120
0. i)ppram ofibvetet, abB Ghare thminduppny GGethPrassures are wit hin
the range of from about 0.1 bar to about 100 bar, such
qut bar. t o about har Ol 8x3 I .
R ot ga0iaiotag Soba iR e Pish KT UES g, iy spmoved by
pabbify thegtestrdith 265 @2ohe ok Inork PRSI Ueldg Q1@ o “first packed bed 210” to
schematical ly depicts another exenplary process 200
previde o éfrﬁwnpél@n'@ati antay | lesh dhanr (b2 sppmyoof fhe ydfyr-gontaining
, ca f
co by G BBl W K ik RS e Blou BPRERE the strcam
2065ee dnddteceabie BOts pA saitable putificpanymatetizidor mmoyagy sutfor-containing

150. Each .packed bed 210, 230, . 240. operates at
cogipgiadh i BHGE e S G AL PRl aeRIcRas cagercally available
frRli8tthelgREy at ure. The packed beds 210, 220, 230,

240 operate at anbient tenperatures so that no

external heating and/or cooling equiprment is needed.
06y Bwatisrm 215He theadassedie @se o1 morgpagked beds 224)porc gecond packed

 eIBR0RNF B GEVEREARNC A Mo Ride o Sl 335 BFLRY fo5s than 0.1
ppaOof 33@en ZdDlespehian Seppaiv 6f dcetyp@kawcfferabl@n diengkykemwmdacetylene

| ow of about OO0C, 50C,
are removed from the stream 215 to undetectable limits. In one or more embodiments, the

second packed bed 220 includes two beds 220A, 220B arranged in series as shown in
Figure 2. The purification material for removing both the oxygen and the acetylene can be

the same and can be that described in reference to the packed bed 120.

[0047] In one or more embodiments, stream 215 enters the first bed 220A to remove the
acetylene from the stream 215. Preferably, the first bed 220A is operated with hydrogen

gas to hydrogenate the acetylene to produce saturated hydrocarbons in the presence of the
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1X0C, or 20C to a high of about 300C, 400C, 500C or
90Q0C. [0044] In one or nore enbodinents, the feed
WG 20weamo205 contains | evel s of sul furcontai ni NBCT/US2005/044234
conmpounds, oxygen, acetylene, carbon nonoxi de, carbon
di oxi de, water, and nethanol that exceed the tol erance
| evel of the polynerization catalyst. For exanple, the ,
ma‘taiendtatyst eStmeaR0323A exitsdbe fin bed 22Gvh hbvipg hashthand ppmev off acetylene

SRt S0 SRRl BB pengps e cxseen rom

thd RRAN TSA. @r@feﬂﬂi@" R sedhdBel HoBXbstateOthd sﬂﬁm{s Qéd 120 described
oxygen, 0.3 ppnv water, and 1 ppnv of nethanol. In

aboyre with mf;arr@certbcfdgtrredt sPrqfﬂebltye stteasn 225Bn e 5 thasdcond ded 220B

an ul furcont ai ni ng conpounds, nore
ha{nﬁgﬁes& poglrrgprg?mgx ﬁ nore than 5 ppmv of
acetyl ene, nore than 0.3 ppnv of carbon nonoxi de, nore

[omkuarSm’éampmé efthenpdseed i @ne’ etemoreDpked deds023) @p‘l‘ﬂllrd)fpacked bed
er, and npre than 1 ppnv _of nethanol. [0045] The
239u|“1’ m%me%meaabw ﬁy)nezsﬁsomsdmgq sireamn e daxingdsth thes Oa} gpmv of

caftloh Stho g égé%@?s HeNhy Wdoﬁsﬁld ti ?%H%\?egqcc))t \Shd%ﬂ:%tagfe limits.

more packed 0 or |rst packed
Ther puriftbation staterdah 21 Sembeing abatcaibos messxidd aan (h>£5thp pame as the

of. the sulfu ontai njng co S. Preferably, .the .
poSfiefiin. SR HOReROBELROERr o HBIRF P BiFAdEoN material for
reﬁb%‘ﬁgr@am ﬁﬁné‘ﬂd@t@%&phrﬁ al dRhdicallyPoalizb@Rta€e so that the carbon

puritication material for renoving sulfur-containing

merwritsuis dixidiged, [ progueed earbgn; licxdda. h Angtiep Diffiereraei ig)that the spent
m%&ilgjlys?h Crgénemr}egag%ﬁ \lﬁﬁ a str §P L?rog c{s&y nrg {gorr% (ﬁ%lze the metal.

packed beds 220 or "second packed bed 220" to reane
[o0as]y Jktie saieamaR3Stiy lesnepassedauiotie g ndors padah bedsd 24@ ot hfgmrth packed
. ess. than 0.1 Env of ox gen agd | ess than 5

beg 240y 1@ AEmOYS; grRom diayidey Wét%@ her R YERRALSH) £ PSSR broviding a
stre 5248 qla(’f grn:sfs hRars6 55RMv2drcattonide 6. 8 Bhayy! dfruaft& ahd'1 ppmv

one or mbodi nents, the second packed bed
ofimethardés lthmplbéldé SEREN, 24326 Bhaar passggetd the ps)éym@szaagn section 150

sh in Fi ur 2. Th urlflcatlon material for
de?‘eﬁi\%giahﬁv%‘ﬁg}ﬁ Ff&“%%&?g ¢ A4 the acetyl ene can be the

same and can be that described in reference to the
[og3ax Kadoreeor hitfle enihRdifhents) thefomth Packedebdd dudraniys include a first

stream 215 enters the first bed 220A to renpve the .
purification material dedicated to carbon dioxide removal and a second purification
material dedicated to water removal. In one or more embodiments, the fourth packed bed
240 may include a first purification material dedicated to carbon dioxide removal prior to
a second purification material dedicated to removal of water and other oxygenates. In one
or more embodiments, the water and/or oxygenate removal can take place prior to the

carbon dioxide removal.

[0051] Any purification material for selectively removing the carbon dioxide, water, and
oxygenates may be used. In one or more embodiments, the first purification material
contains a selective adsorbent such as one of the Alcoa activated aluminas mentioned

earlier to selectively remove carbon dioxide. Likewise, the second purification material
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acetylene fromthe stream 215. Preferably, the first
bed 220A is operated with hydrogen gas to hydrogenate
w0 bwean®de/| ene to produce saturated hydrocar borsT/Uszobiier4234
presence of themetal catalyst. Stream 225A exits the
first bed 220A having less than 5 ppnmv of acetyl ene
and passes to the second bed 220B. The second bed 220B
cat lrenanyepmrifestiom enaterjad dor Selectiveherestovigiti@2G4ter and/or oxygenates.

Preferaply, the cond bed.220B th ) .
Priferoin g ideehd Bt CRR0hrid PBroRdRBlEny PRS HviAE 2 pore size
sufthRé esralAtyr arklld: rapdd @olal. LR X8mBRIbEBB A 2B 13X molecular

having | ess than 0.1 ppmv of oxygen. 00481] Stream 225

sidves atecnitplls Setoselastively adsorhimgevpers land 1B¥ dnolegdarngieves are suitable
"third pagked. b 230" to renpve carbon nonoxi de,

fop diRsb RGOS F PR ROl R G SRR han 0. 3 pomy of
carbon nonoxi de. Preferably, the carbon nonoxide is

[oosevedistBsadnatith esfe@htetd Figutesl, tHdpadiked bédsc2i0, R0, 230, 240 each
mat erial for renpving the carbon nonoa%%;ﬁ&an be the

 OPSE¥feabhambiket gAAditansarlYlpre sigritFamly, fis p Piig2 Hley?gln 230, 240
cal D WBUELe (B8 SBHE it PRIRBAEY PRtcrably, BTN G2200830, 240

e is used In a chem ca oxidrzed state so
opetatds witlein catemperane catigd ef ifonpabalit 8¢ tbabputo)f€e Mardpreferably,

I OXi [ ff Ls that th t t al o
cofh Pid 90, £27 23Ferl e il a et Pesriy PREF g dBH ahaw 0°C 1o
abBYy SEC. t B bBe O intbiré @nibdaim@ite | eacth 804 21 0,THE0, SA302280 23érates at a

Is then passed to one or nore packed beds 240 or

temperaiurhrapaingdtpop & dow abHabaup Orenv e or ¥ Wote adiiglk phiabout 30°C, 40°C,
or'¥bE" and ot her oxygenates if present, providing a

Stréam 245 having | ess than 0.5 ppnv of carbon

di oxi de, 0.3 ppmv of water, and 1 ppnmv of nethanol.
CANALNYST SYSTESE r eam 245 is then passed to the

pol ymeri zati on section 150 descri bed above with

r ef nce to Fiqure 1 0050] In.on r, nore _.
005, AT E e c2ainHD ThE gP VAP RIG Bue 330 ShaPh f Eieys Land 2, any
oléfirl pélyRfitdtionahiaBRt HBERA YR lsydadicaabedsdd ForleRaple, the catalyst or
di oxi de renoval and a second purification nmateria

cathdyit c aysemt canatiegludee nBiggler-Nattaorratabystsypchromium-based  catalysts,

odi th ) d A
o RGETE S 08 sh bR GBS R AL BN e cruy
orCiatalysd 8 ystemmasal al§yy inetude QAT @obild ifol, ipailsdifiing Bhromium/chromium

mat erj al dedicated to rempval of water and other = .
oxide, eefatilins” ratalyte SmyareYSERBDAF HEHt dong ARingrehination with the
otR&E/ H{or%;ﬁgx' @Eﬁlbf)&i%}ﬁ%l, a Sk ed® légtaf}ls?s%@tem i %fef&?ecf. he

car bon e renova

[0054] The term “catalyst system” includes at least one “catalyst component” and at least
one “activator”, alternately at least one cocatalyst. The catalyst system may also include
other components, such as supports, and is not limited to the catalyst component and/or
activator alone or in combination. The catalyst system may include any number of
catalyst components in any combination as described, as well as any activator in any

combination as described.

[0055] The term “catalyst component” includes any compound that, once appropriately

activated, is capable of catalyzing the polymerization or oligomerization of olefins.
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[0051] Any purification material for selectively
renovi ng the carbon di oxi de, water, and oxygenates nay
wh200a®amd96 | N one or nore enbodi ments, the firsSPCT/US2005/044234
purification material contains a selective adsorbent
such as one of the Alcoa activated al um nas nenti oned
earlier to selectively renpove carbon dioxide.
Prefickably, g cathkystsaunpmlepumicmidcmﬁ least reae €sioap Gate Gmupnk2 atom and

tion teri ectively renoving the
ofignaly & EhedEs it Bioub BowrErERle, ). * he second
purification material contains nolecular sieves having

(0636 POTIR ©irh €ldaMingadtolp'f Rferdad She IPMEIE cBXMERANAididties bound to the
renoval . For exanple, both 3A and 13X nol ecul ar si eves

metakcenter 0§ Hleccaiabyst sempendny maycwh%@hﬁrrn@e@\épm the '&n@ly&ecomponent

o B SFALRG, SRS BE R SuE SE Bt otmericaion o

olifofetizaro. Wsiitableedctivstomsearé deskctibed @ dktaill iedow.acked beds
210, 220, 230, 240 each operate at anbient conditions.

(S A BEARERES At I IFrEir O pBoE s | U GO GRGOF Elements. the “new

n{r\;ﬁ{é&lﬁg 3Pheme BRGRe PESLAd Qabl%@ouﬁsgge REQ 2OREIRIERC HANDBOOK OF

a tenperature range of from about 00C to about
CHIDOSTR W2 PHY $I€% (Riblig R. bateredb ERCPEss 8Pbed. 2800). 240
operates within a tenperature range of from about Q0OC

[O%gbaﬁf L Sa%su@ﬂe&ogngeear%at X Iihee grgug i r},ggwrlé lt,lhr g?eCh n%osgesses at least

~ oredieH 1h<pMc©fof D6 bk nfb@@hydiﬁger@ rin h8PPodito, the Bldidies selected from
about 3G)C 400C, or 5Q0C. CATALYST _SYSTEM [ 0053]
surRfeEPYRSNY Bejagen tasticabe (ion| apapler &li En Bbchydserylsgroups, carbonyl

s 0
erS Parb BT, R s o, AR png kbR AT b, Byt eroups.
ndphthyb gtcaipy,sCl a0 Catayy sgrowpss Ganoc@n alkedyligeoups, and combinations
Zi e ta_.catal ysts hro i um b d catal ysts
it EsBRles Sheary e aaTommbroR HOecs b el Jujied to, acy
radfesls PiaB AhinbC rzﬁﬁéa?d y§lk§ & Tﬂﬁ@lcﬁﬁt %M&(y Ofadfedfs2! afRfithio radicals,

system can al so i nclude , iron
digliylamdna rradicsls.o mikenyestibanyl Lmrdr@xllSd etrxdoxyqarhdnlyl pedicals, carbomoyl

raglg%}g,i %ﬁt%ls an%nX{aﬁ(ag éyrg%rﬁéﬁnrala featt> %gylg;r( Pﬁg)(rll arlls,i Qcylamino radicals,

on w onée

ar¢labogh BithB, arl combidions detdofst systemis preferred.
0054] The term "catal yst systent includes at | east

one "cata yst conmponent" and at |east one "activator",
C 53t | east one cocatal yst. The catal yst
system may al so i ncl ude
[0059] Suitable’ chromium catalysts can include di-substituted chromates, such as

CrO,(OR);; where R is triphenylsilane or a tertiary polyalicyclic alkyl. The chromium
catalyst system may further include CrOs, chromocene, silyl chromate, chromyl chloride
(CrO,Cly), chromium-2-ethyl-hexanoate, chromium acetylacetonate (Cr(AcAc);), and the
like.

Metallocenes

[0060] Metallocenes are generally described throughout in, for example, 1 & 2
METALLOCENE-BASED POLYOLEFINS (John Scheirs & W. Kaminsky eds., John Wiley &
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ot her conponents, such as supports, and is not limted
to the catal yst conponent and/or activator alone or in
wa@owbior@bé on. The catal yst system nay i ncl ude BEUS2005/044234
nunber of catal yst conmponents in any conbi nation as
descri bed, as well as any activator in any conbi nation
as described. [0055] The term "catal yst conponent”
SonsdLtd d2300xnG. (€ diipdayriol 18 h £IQORPINATION PHEME R&EV£248-296 (1999) and in

actjvated, is.capable of. catalyzi t he. oly rization
pagfeulity JBeySe, 3 | DR STMIBTSEY | Ao PRSI 1 | AP LRGRR-BAseD
PCLRBRARRND61-881 Uﬂ)l‘é)lé).atrhé SRSl RB éaltawa, c%nﬁ;fbuﬁii@h‘f)dés%ribed herein

atom and optionally at |east one |eaving group bound
in¢tlhdy Stalf. sapdeBb] amth &' fulksandwichd\dompogndsulpdving6me er moreoGp ligands
or nore. chem cal lefies bound to.th tal, center of
(eysiereatisnyCind BeapihisnlobitiadSeithenBoisnd Phutua ¥ fsfl g Groue 3
to CRbap Y3 inefud ARANEAH oY of hod€ lehViak @Foup(d)&oahy tPhedt tafttne metal
the species active towards ol efin polynerization or
aterhi Glsrasnafientthess componnds) willhetrefemed te agrmetglacenehed “metallocene

S BN, 60 et A ool IS s

métetidleni iy estoditeritobnd heayPee i sagparteBablith & evhouragother catalyst
used as in the CRC HANDBOOK OF CHEM STRY AND PHYSI CS
compePfM- R Lide ed., CRC Press 8 1st ed. 2000). [0058]
The term "substituted"” neans that the group follow ng

[006PRAITH AT PN RARI RSER GHmbi@3fes 6P ﬁn?‘_é"ys%ﬁi(sg,rht MaRCLp&tion of which
one or re hydrogens in any position, the noieties

|
ingladesct-bonded vystems hsuphoaspeycloskadicogleligandsliapd [hstegdayelic analogues.

IR BRSSP OB Ronsistin

of e AP 1 PEOLPSomBNENME a@iURs, malenk thy |Cpokginds areGelecRd from the
G o alkyl groups, C2 to G o al kenyl groups, and )

SrehBPsiting i Gapane Bitrogenapkyess. yiceny st rhogphoreys) germanium,

bt adf %ﬂlﬁlldl.ﬁlﬁ lm:fcfj E5mbiliio rtffeer&I, »\Jh{f(:f@lﬁ @Qb%ﬁ) ma?gsy l!lp at least 50% of
radi cal's, al kylam no radicals, al koxy radi cals,
tharnitgomenbeds. ¢ aDs thealdpy ligdridgs)r ardi seddcsed dhioal klyd @gnoupo consisting of

adi cal s, .al koxycarbonyl  radi cal §, .aryl oxycarbonyl .
subfived] $ha CapBORIRed detonpdatindy  Eali WG| Rgds solobal 1o
cyeRpBRATMY Ayl 38h IMhifing AXKMPIY SRWHGH $ncl@fey L IbMtadienyl, indenyl,

radi cal s,” arylam no radi cal s, and conbi nations . .
fluchenydahd aheroshivgtresat Ehitharsndnel®gingSenampti¢seofc huahnligamds include
cygg)tpgrlltxg’é&ylf: anC}Ilcrl]gﬂelfllga%hgrllahﬁggnsétyi,t Utireléjen%/r:r org%tn%%deﬁc’ylll,(:h fluorenyl,
octahydrofluorenyl, cyclooctatetraenyl, cyclopentacyclododecene, phenanthrindenyl, 3,4-
benzofluorenyl, 9-phenylfluorenyl, 8-H-cyclopent[a]acenaphthylenyl, 7H-
dibenzofluorenyl,  indeno[1,2-9]anthrene,  thiophenoindenyl, thiophenofluorenyl,
hydrogenated versions thereof (e.g., 4,5,6,7-tetrahydroindenyl, or “HsInd”), substituted

versions thereof, and heterocyclic versions thereof.

Group 15-containing catalyst

[0062] The “Group 15-containing catalyst” may include Group 3 to Group 12 metal
complexes, wherein the metal is 2 to 8 coordinate, the coordinating moiety or moieties

including at least two Group 15 atoms, and up to four Group 15 atoms. In one
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CR2(OR) 2; where Ris triphenylsilane or a tertiary
pol yalicyclic alkyl. The chrom um catal yst system may
wo 20bk0®09¢ ncl ude Cr O 3, chronocene, silyl chr OPEL/E$2005/044234
chronyl chloride (CrQ2d ),
chrom um 2- et hyl - hexanoat e, chrom um acetyl acetonate
(Cr(AcAc) 3), and the like. Metallocenes [0060]
errlbte)tlﬁhd:m,cmee@rcmpelfgemrmiairigycaﬂaalystrddnqmneﬂnrtwgbompleixmf a Group 4

mf g]haé-ﬁ%)%ar}go% t(kfgm ﬁgq’}%léﬁéh%\]tgﬁ axE;rDéégn(el %gEtFLq_I\SIES oorlgi?nate, the
coggﬂx%mé nate g"!l)raltn&étlhi‘ 1&%1%@5Wb%r%§ﬂ ﬁ@é@sentative Group

243- 29 and in particular, for use In
15sgomtdiaing sompomsyleﬁ dig¢losed inpfot MBTPAL\UOERYO BIGEBP Al 0 893 454;

B SRS Aol e At PRI R o S Han il 25 1. o

ox@néinbédﬂnlams anel\@rellp 1SUBRANNAS ARYYshAn@idesOi GMLF 4Rmino-phenol
|gands cyclopentadlenyl and |igands isolobal to

X§prronp Hdns(amids comiplesesaand e opwidgl-emidecongplexes that are

a°§° Ol (Rt e R BT, B el mat or

t hese conpounds will be referred to as "netal | ocenes”
Agivataret al | ocene cat al yst conponents”. The netal |l ocene
catal yst conponent is supported on a support materi al

enbodi, and be supported with.or. wit
o ther TR0, <48 HoE D SAEN: S GO Ut 8 ChbigaAs o g pounds,
suBp&td ofMinSuppoted, Whichi Bsh aWH¥aRThS SingRLsiteeaidlyst compound (e.g.,
portion of which includes p-bonded systens, such

m@tymcz@mk &upemy?-contgininescaiisthesushashyl dreatimge @ﬁg@ey species from
?ta{yts{] %Sr?iéon% % hg'glglcﬁl-\ll ttﬁmlﬁ}/oltvgso th%a%bs cg(éggcgfllagelte%i %gg leaving

consistirn

grampmx grovip i eheafopmalab/Raictim@k %bblvb)tﬁ’tﬁn(ﬂfie Imegel ndatedrof the catalyst
sel ected fromthe group consjsti ng of carbaon,
comropgRien Thex Gt <mpanspts efuembpdimiaiss BrssFiBed are thus activated

0
togzﬁfer o o#%w g@ﬁe?i%alz(g? B%hé’ r.@ugrg AL @S n@ﬁlﬁ@&lhf%ﬁﬁo?f %‘ﬁg activators

makes up at |east 50%
mclud@ Lﬂwrstmlds such at kgclicpor oliganutis)poly(bydretabylelinfimgmoxides) and

rou SIStI of su and .unsubst.i t ut ed
S"cfr%‘fegp&ﬂ WP% é&ﬁ%‘ s Eg&@&é ?%&ewaé%}vobmm%g activators™ or
“sENEi ORERE %@ﬂl\ﬁiﬁ%k”) 804yl dthericoRpoexdial @n dhverh Gbutral metallocene
i ncl ude cyclopentadlenyl i ndenyl, fluorenyl and ot her

catl ysti ceumpesentF o t hanetaborene mqtmngtllékalﬁpacéweownbu&fépect to olefin
palH@FoA el ude

[0064] Lewis acids may be used to activate the metallocenes described. Illustrative Lewis
acids include, but are not limited to, alumoxane (e.g., “MAO”), modified alumoxane (e.g.,
“TIBAO”), and alkylaluminum compounds. Ionizing activators (neutral or ionic) such as
tri (n-butyl)ammonium tetrakis(pentafluorophenyl)boron may be also be used. Further, a
trisperfluorophenyl boron metalloid precursor inay be used. Any of those

activators/precursors can be used alone or in combination with the others.

[0065] MAO and other aluminum-based activators are known in the art. Ionizing

activators are known in the art and are described by, for example, Eugene You-Xian Chen
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cycl opent adi enyl, cycl opent aphenant hreneyl , i ndenyl,
benzi ndenyl, fluorenyl, octahydrofluorenyl,

woeyad/eeisat et r aenyl , cycl opent acycl ododecene, PCT/US2005/044234
phenant hri ndenyl , 3, 4- benzofl uorenyl,

9- phenyl fl uorenyl, 8- FLcycIopent[a]acenaphthylenyl
7Hdi benzof | uar eny I i ndenol |

& Mabiwph éYi@ﬁkﬁdGﬂ%mlyitﬁfopMé% ‘%’P’@%F fi H&?ﬂ%’@gﬁg{t% Activators,
Ac}lly_ﬂttfsorﬁlgﬁsoceﬁg%gﬁdt §?‘g%ure ﬂctﬁnt@ ﬁelﬁﬁ&r{sﬂpﬁd éW@%MICA‘N REVIEWS

ver si ons thereo
130E01830(000). CTvescsivatoss mhg be assoc@edupltllan bamddp i sugport, either in

catal yst [ 0062] The "G oup,h 15-contai n| catal yst"
ass,oﬁ@pgé ém@} g\@,rpa lysg, C@Bwng fe. ﬁeff}ﬁtal@) g)i esgpare% 3}:0&1 ﬁ?ey catalyst
co{trl@Sn{H? L@lkh b déscliBeBbf @% et ﬁlatkf" q—lé‘t@ﬂg@hé’b@& lS'B@leSS ite Catalysts

noleties includinhg at least two G o
forrOlufin Po@mbruptmiol(f(lﬁﬁl} CarnigpL REVERWGE 47374 (2000)
oneenbodi ment, the G oup 15-containing catal yst

Z.c nent, is a conplex of a Goup 4 netal and from one
—eﬁﬁﬁiﬁm c ! s such that the Goup 4 netal is at

| east coor di t he coordi natin i,et .9
00681 St ISR AL COMRITS ARt JeriGecd i ZIEGLER CATALYSTS

' a-1¢ PN B Lin CedsD eVerlag 1995); or in
N N T LW

ER5@3 1E_(B’ PP 102803, BB 2 1(52 FHB0gH)3: 24_(}51?55 g@;gsslzggs 68'502 565; US

S5 5 5 530 o, 9 s s
Edafi %‘r @ﬂ'@m}' cabApRe di Fﬁ’cﬁﬁiedtﬁbw borﬂphmﬁg ?mdpa)4 domp?emsmon metal
ou ri -am de _conpl exes re acti
omdmaautgxglp%ﬁ% ‘f(ewef oBier oK J;E%Iéﬁt ompangs, of fitanium,
lecgg%)’rl oT@ﬁah%%mogfiGﬁdll&Z\B%mbﬁﬁﬁbﬂ %ﬁl #Mhgh&NRR léBﬁ*lp@ﬁnd internal

b1 hat | on supported or unsupporte
aﬂdibr@htemaam ekotrow dmmrsa(momglseethcns,esxmamSy@c ),caiwpt;mnuor boron alkyl

tal | ocenes, 15- contai ning catal ysts),
@@&W%@% ?:‘lde‘ﬁ?ﬁgﬁﬁ“’é’x t BRI species fromthe
catal yst conponent. Typically, this involves the

[oﬁdaftd‘:&ﬁtehﬁ&lmyp%t trhi@ASdn @iteall @BMYNY agF Thide (Daditienap Ziegler-Natta
the fornmul as/structures above) fromthe netal center
catdlysth hat arcawgh tknewppaibnert. Examplas of geaveationabidf Lansjtion metal

ang §§§ r'ﬁare g*scus%lgdS W 'tf?%t%ﬁ? Ntog Uz 12§ BBQ’ ari 8¢7 bWy, Q@Z 687, 4,564,605,

zat1on"Usi ng such™act’i vat or s.
4,Fpboes, @87%35’1 afdi choa;141v aﬂ&escomeﬂltmiml -typei tsammitiodsmetal catalyst
such as cyclic or oligoneric, 8 { hydr ocar byl al 'nuq
cimperady thahmay be used include transiti al compounds“from Groups 3 to 17, or

Groups 4 to 12, or Groups 4 to 6 of the Periodic Table of Elements.

[0068] These conventional-type transition metal catalysts may be represented by the
formula: MR,, where M is a metal from Groups 3 to 17, or a metal from Groups 4 to 6, or
a metal from Group 4, or titanium; R is a halogen or a hydrocarbyloxy group; and x is the
valence of the metal M. Examples of R include alkoxy, phenoxy, bromide, chloride and
fluoride. Examples of conventional-type transition metal catalysts where M is titanium
include TiCly, TiBrs, Ti(OC;Hs)sCl, Ti(OC,Hs)Cls, Ti(OC4Hg)sCl, Ti(OC3H7)Cly,
Ti(OC,H;s),Br3, TiCl3.1/3AICl;3 and Ti(OC,Has)Cls.
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so call ed non-coordi nating activators ("NCA")
(alternately, "ionizing activators" or "stoichionetric
W@edbMat0o6 s" ), or any ot her conpound that can PONUSI005/@44234
neutral netall ocene catal yst conponent to a
net al | ocene cation that is active with respect to
ol efin polynerization. [0064] Lewis acids may be used
[0069] Adinivertiomal-type rrettmhhitionenemwbdscrciatabdt | Corapdunds i vbased on

Lewi. [ i ncl ud b I
me(ggl\é%lslm?t&kﬁ%nl) ngmu el Qqnggtcgq%b not ctem rtébee mTf%aQ@ausrnE)i(eaﬁ,gS Patent
NG k¥ B@d, 568 nasa qozmosmds chfaryszsl ragna&i | ¥Sth O/ REHTHR! are also
or ionic) such as tri (n-butyl)ammoni um

coneempldtéds (Whaeh are|wadk lc;ﬂventpl thossrafrordingryskilhinstbe lag. (redexample of

th Fgeréltggﬂ? g}ﬁlhq‘g;(gf pégpaaélg%lloorf 2 e%%{at?l?{gt;lg u&%ttﬁ‘el: }o?llo(\jwing: dissolve TiCly
in FHE, Yalueé SleRofpeius@icSTiCM ushity Mg 0, 8id fefhove the solvent.
combi nation with the others. 065] O and ot her

al um num based activators are knovvn in the art. i
00781 Ganygntienal-(e o cacatplysti roMPoRRds her athe aahgvar eonventional-type

ST B o SRR 0 ORI TR

wiRodiy it 1smaxhettahfroﬁm3ron@tlotrosa a1 maIS OhthE’rRanedlsdéableafchlements

MRESA B P56 kou 3.0k bopagodd abBan et riys gumber from 0 o 1

eaBt? X8G4 ﬂ)eﬁiamgénh cQ§ a MM fr@rnaO &PPQIch R84 &H&SnovRlent hydrocarbon
associ ation Wth the catal yst conponent (e.g.

radnealairlhordmgel) ors seyabatiooni d dordt wed whclairylsmlwrpxsrma fetast 1. Other
descri G _H atk eneou
coB iRy BE SteaPino e T5HRlb Fombaiias Ko IELF0RR BBt Rgnal-wpe
trdukiEh GAdtal RV RS hdvedthe ¥3ridult A0T0), widre pirets- Ntk dip IA IIA, IIB or
Cat al ZSt [0066] Illustrative Ziegler-Natta catalyst

dompelsyeh asf bthwma,omm bepylipp R Apreny glpnigers. zige, cadmium,

G 08180 o USR8 12 s

noERally ﬂ@[ienﬂlﬁ)ﬁpOIEBlcOpa}ﬂ&llMGtouBEo%hlﬁﬁ 3 biBorgs3@ad 565 R® may be

US 5,51 973 US 525 288, 93
ang, ohovilet sl g sl HydiRsagbone sl a6, dgresartgn radicals
contififing Qtﬁbﬁ(ﬁ‘ﬁ? t6 16 lelédfent NRS AuGRIR %lu%'uﬁgm(ar%{ %éb ox5a &5mb1nat10n

6 transition metal oxides, alkoxides and hali
therofdes, al koxi des and hal i de conpounds of titani um
zirconium or vanadium optionally in conbination with

M e%gn§§{ ug}e%pn'pound i nternal and/or external
s (al cohols, ethers, siloxanes, etc.),
al um num or boron al kyl
[0071] A mixed catalyst system includes at least one metallocene catalyst component and

at least one non-metallocene component. The mixed catalyst system may be described as
a bimetallic catalyst composition or a multi-catalyst composition. As used herein, the
terms “bimetallic catalyst composition” and “bimetallic catalyst” include any composition,
mixture, or system that includes two or more different catalyst components, each having a
different metal group. The terms “multi-catalyst composition” and “multi-catalyst”
include any composition, mixture, or system that includes two or more different catalyst
components regardless of the metals. Therefore, terms “bimetallic catalyst composition,”

“bimetallic catalyst,” “multi-catalyst composition,” and “multi-catalyst” will be
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and al kyl halides, and inorganic oxi de supports.
[0067] Conventional -type transition netal catal ysts
WO zme0thgse traditi onal Ziegler-Natta catal ystECT/ostoso4a234
wel | known in the art. Exanples of conventional-type
transition netal catalysts are discussed in US Patent
coljeevaly pteried @ betkian b A ixgd S3EARP fynigm® W Xpecifically noted
otfepiiéent i onal -type transition netal catalyst conpounds
that may be used include transition netal conmpounds
fromGoups 3to 17, or Goups 4 to 12, or Goups 4 to
6 of the Periodic Table of Elenments. [0068] These
conventional -type transition netal catal ysts may be
spk8RE tdggeytheforrrula: MRx, where Mis a netal
‘EFT‘UTI'%[TD‘S_@IO 17, or a netal from Goups 4 to 6, or
a metal fromGoup 4, or titanium R is a hal ogen or a
[00731d o anlehstl ook g pepitici pmbedithert, the mptbod frepiefin pelymseization includes

T -
byCRANRR I dfORRkr; tﬁél@ﬁn RN fdell | seRamBthadughad fikst glaskathbedetdvkelectively

is titaniuminclude Tid 4, TiBr 4, Ti(OC 2Hs)3d,
refipyOn 12345 p@IoBLionTe{( e O3 PN DASSINE; t{:@fg:egﬁgnyg@ltlzr’ougﬁl e@gond packed
Hs) 2Br.2, . Ti . '
o Ryt 90 i 5, PR o s
colpsigOBssTgn €61 ppii by aolwm ef exygeoranddhdmppoohpivekes: of water,

oS35 o555 P pooaob b rom sbow 0

toYHbdt J06¢/ iﬁﬁh@ﬁ gz%s%(lrjxg hCRAMRATERL RamWBiaPol @h&i26801 reactor.

Known to those dinary skill in the art. One
exanpl e of the general nethod of preparation of such a
[0e7a] aThes method| ofdthe ablowe fpetagmphn grhersin dha feedTitgam; 1§ notpexternally

gt EoPREESRBHE nepoorelioaid Rl e *

cocat al yst conmpounds for the above conventional -type
(06714 TBhd in@sihaetof] angabfll this taboverparaptephspwhsecin gpe ditehtpecked bed
by the fornula MBMA vX2 cR3 b-c wherein M3 ig a rretdal
oS SHEF L CARPET SURRArie OF § ek prif, St i SpsgEpacked bed
co%ﬁa% g&gﬁé‘@go%dk&b&ty%lé’éﬁveffo@&w 1 of the Periodic

ments; v is a nunber fromO to 1;

[0075] In at least one other specific embodiment, the method for olefin polymerization
includes providing a feed stream comprising more than 5 ppm by volume of acetylene, 0.5
ppm by weight of sulfur-containing compounds, 0.3 ppm by volume of carbon monoxide,
0.5 ppm by volume of carbon dioxide, 0.1 ppm by volume of oxygen, 0.3 ppm by volume
of water, and 1 ppm by volume of methanol; passing the feed stream through a first
packed bed to selectively remove at least a portion of the sulfur-containing compounds;
passing the feed stream through a second packed bed to selectively remove at least a
portion of the acetylene and oxygen; passing the feed stream through a third packed bed to
selectively remove at least a portion of the carbon monoxide; passing the feed stream
through a fourth packed bed to selectively remove at least a portion of the carbon dioxide,

water, and methanol, providing a purified feed stream comprising less than 5 ppm by
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each X2 is any halogen; c is a nunber fromO to 3;

each R3 is a nonoval ent hydrocarbon radical or
wohyevoeg®na; b is a nunber from1l to 4; and whePerrusko0s/044234

mnus c is at least 1. O her conventional -type

organonetal | i c cocatal yst conmpounds for the above

conventional -t e tr nsi t.i on | catalysts have t
vofusmeral acalBiRRe, VG o BUBrCANIPNIE CoRP@Ids| D ppm by
vogﬁxtn@!)f ca t}né‘ﬁbxxdlet b S4YPm Bg Jbie &%Woh'd%ﬁld@ A1 bt bP, volume of

n1nun1 Zinc, mum and gallitum k equa
ox¥gery O(3rpp'3n te peludiend wqmananmb ppralbgrwjumﬁ Oﬂ\memhmtdhwherem the first,

s Sﬁw‘i%oér\%oﬁ%ﬂ OB Bt S oh s gy EB T fFn Hbout 0°C to
él %méﬁgéﬁs%ﬁ‘ﬂ tﬁ@ﬁ&nﬁéa%&ﬂﬁréamcaqﬁﬂﬁﬂadaﬁan ?e%lcﬁ)r

hydrocar n radicals containing a Goup 13 to
eI enment |ike fluoride, alum num or oxygen or a
(076 BTheamictind tdfethe sibovavipriagrapht hgesin dies festh Sugamais 1ot externally

I
etz rateRbBe TS SMAREE®: Sn a0l cast one

non- et al | ocene conponent. The m xed catal yst system
[oovay Iagetanshidripetifis embbtihl’t’e:ha!t]hd methat dbryslefic polyostizatgm includes

or a nulti-catalyst conposition. use he ein,_ the
g aran olsFindee TR0 Bk ] B Dy Agume of Sxygen through
a paBEHAY kb ﬁﬁﬁ? aX‘é&uce& NN ASnBNYng AHRAAI tHaPBhemically reacts with

xture, or systemthat 1 ncludes two or nore different
atdedsah psmornmfpbﬂ eryzen andcgentrates egrbmndlidFide, evhereinithg reaction takes

Bt SR R SE ARG S0 of e cubn

diS¥idt etRetB@tprbViingde putified VlefiPfRd tfeh@r Bdving @dséﬂthﬁi 0 1 ppm by
conmponent S regardl ess of the netals. Therefore,

volisneref exyses apdiess fran Ochppdyrviobme of asditianal ¢arbon dioxide, and then
pa%ﬁhg lttﬁ/e %ur%flqdlm{a ujx fece?t ?ljbeXr?lttP ch e}g@?ﬁéﬁt%/a?%n eaﬂ:ﬁg the reactor housing a

eco referred t
fliigized rbeds c@npmnxgdl palyateyizhticy shiatyst sahsitde to oxygen and carbon
specifically noted otherw se. Specific Enbodi nents
IPG@VZ] In at | east one specific enbodi nent, the nethod
for olefin polynerization includes providing a feed

fofis} SRR GRWYI &F A FPHIR ieRs ﬁraf%réiiﬁm WeréRl boR thé first and second
oxygen and 0.3 ppm by vol une wat er; passing the

pdckedibests oparate Hademberatufd ofsfrom abre@OBE do akpus épdgé%t i vel y
renove at | east a portion of the oxygen; passing the

[oaﬁ?dT &%ﬁ{Bdt&’fr 281%19& fe 2HGL Bar’ﬁgﬁbﬁg wherein the feed stream comprises

nitrogen.

[0080] The method of any of the above paragraphs, wherein the reduced metal-containing

reactant comprises copper supported on a metal oxide carrier.

[0081] The method of any of the above paragraphs, wherein the feed stream comprises

ethylene gas or nitrogen gas.

{0082] The method of any of the above paragraphs, wherein the olefin polymerization is

carried out in the gas phase.
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bed to selectively renove at |east a portion of the
water, providing a purified feed stream conpri sing
wo zme/0tdagn 0. 1 ppm by vol unme of oxygen and 0. 3Pqus2oys/044234
vol ume of water, wherein both the first and second
packed beds operate at a tenperature of from about 0C
to about 50Q0C, and then passing the purified feed
[0088Y €Blre methad pblapyref itkabboe paeeriphs, whaeifdihe Hoaditiohd edfficient to
of the above paragraph, wherein the feed streamis not :
Drqcey (s 05k BB PY ClNEE Se e GHOPhEIFT G CoRiRgRes & reaction
te&g&qpugle peGka®°08890°¢ 0074] The met hod of any of the
above paragraphs, wherein the first packed bed
conpri ses reduced copper supported on a netal oxide )
(0084} rThermethed phanysefctbe dbgreasagranhd, wherpini the golymerigation catalyst is
nr | ecti.v [ er,.. [007 In
 PRA MR R SO BRI Pt Rt ot 8T RsenB by
ol efin polynerization includes providing a feed stream
[oessPTliestetijodrof anyt dfathe ab@yeipabagraphis vBerein the polyhenieatidh Gatalyst is
ppm wei ght of sul fur-contajni conpounds, .0.3 ppm
a ypeiadic ratal gt Cé%ﬂbﬂﬁ)ﬂ‘l RBHSRER Dingp %%mnsvw"e&lﬁ tgelor.
carbon di oxide, 0.1 ppm by vol unme of oxygen, 0.3 ppm
Ednpl@l ume of water, and 1 ppm by volunme of nethanol;
passing the feed streamthrough a first packed bed to
selectively renove at |east a portion of the

[0asg] flor oxdgnttai piowige cdristein yaderpianding oft e fasegping rdssgription, the
& or,S8l L vely €

oA, OB LT ALl e o

purifizafi@e thasdriak deed $treangh pacifidation beas; lead dbefth pelymerization catalysts

selectively rempve at |east a portion of the carbon
WeFgssd- o%sanaa%%k-ﬁgﬁqwef%a%feﬂga %tﬁ?raagﬁtua%fa@em ROPC as well as
o AEEH i AolBEN HALY HTHRSE 1SS, RGN ayion.
Expunplés @d & endl %tilwsnatec oempoviadiafgoxyees athamb&nppemperature without

et e iy EaameitalR B Kt o8 gy opyaen and carbon

mERHEAN al"BMBEh e CompdrRufed MAMY diveH gU 6Endtiors 2w Ere Ncadi @K b@€at ambient
0.1 ppm bél vol une of oxygen, 0.3 ppm by vol une of
(]

copditions. Jdigble1l ppnmprizesghe deedattrepg ¢eadisions wad the epmppsitions of the
S : C c
febd iiapns "R, ot S ppcl B PSR B uyE Tl 1. therefore,
illb&eites thedmbbetrofpaygemggnidved pid tHel atbulne sficaboredioxide generation, if
pol yneri zation reactor. [0076] The nethod of the above
afaragraph, wherein the feed streamis not externally
heat ed or cool ed between the four packed beds.

Comparative Example 1:

[0087] Ethylene containing less than 0.1 ppmv of oxygen was passed through a first
packed bed to remove oxygen. The first packed bed had a diameter of 9.8 inches and
length of 8 feet. The first packed bed contained UT-2000 material, which is obtainable
from Univation Technologies, LLC. The UT-2000 material was in its reduced state for
oxygen removal. The flow rate of ethylene through the bed was about 250 Ib/hr. The bed
was maintained at 100°C and had an operating pressure of 550 psig. The ethylene then

passed through a second packed bed for removal of carbon monoxide. The second bed
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[0077] In yet another specific enbodi nent, the nethod
for olefin polynerization includes passing an ol efin
wo ewd/oxopeam conprising from0.1 to 5 ppm by vPtT/IDE2005/044234
oxygen through a packed bed conprising a reduced
nmet al - cont ai ning reactant that chemcally reacts with
at least a portion of the oxygen and generates carbon
conliaored diee, U008 ida-oxbenaterzad tin om okidkeed spakeafoe cadbon monoxide removal.

AdE5 1 B pibet i G bRt Eordrdiye fsipraiingT A0C. ind fed to

a tBHH'ﬂabl?édl Qéde(drﬁ%rf ﬁ?fknﬁ\fe%ﬁ@é{hé‘ gl ﬁ%&cﬁlﬁ?ﬁe@eslﬁ@fﬂr@OP The
by vol une of oxygen and | ess than 0.3 ppm by vol une of

ethydietiet Wasntlien pagsbd thraingix @ deyrthapatked bed pamcng daplwn dioxide using a

milg)(ﬁ.gele:{olgesdel%%gb g(?% AN :)%:Zeixr%%r % ﬁ[ﬁ %b%(?@éil Za{&ab?e from Alcoa. As

sh6RR Tabled , thePoHygbk coFc@hir@orCatAlye inIBO phrifiscCethPlene exiting the
oxygen and carbon dioxide. [0078] The nethod of any of

flrstr@rl@@ldvé sr el v SHRPD Vel the incsesse in erncentraiongpd ¢arbon dioxide in

e B RAe BORAE e TS eR LR BdBy ETBFRG: ho of any o
t he above paragraphs, wherein the feed stream

Canpmpativedxanipie 2gen. [ 0080] The nmet hod of any of the
above paragraphs, wherein the reduced netal -containing

o7 S5k SRR ST ERY %0 0 Foboer Bueh a st
paBRddeHd T NBT-200® & bKo hﬁﬁarfaﬁ‘ﬁﬂreﬁfo"v@@ ERAMIHe TRSt @kk‘éd 18dd€also had
as or nitrogen gas. [0082] The net od of any of the

ipoosr phP Sginshgssandiprgtl of 8tfn@t ol her flow pase ohanitrosgnithioupk the bed
wasaab%htgyoeggfg)\lphél Bfglregaged%%srgg mﬁa?nehoaqqah eCTgIgdn%g%# &ho%%e%tmag lyressure of

550sig. cTRahitiogem wad uben ¢dial toharentpedatpeoftB0°€pindedad a dryer to
t he carbon, di gxi de conprjses_a reactlon tenperature of

rempysvese us e ddd molssalay siekes FemHIRP o AP ey in kable, hihe oxygen
coH@JnﬁQﬁ@rPH&asu‘f‘é@&%@gﬁﬁﬁed’rﬁh@fé’@?{w&%d&@ 5;@5@' yst is a
Ziegler-Natta type catal yst,” chrom um based cat al yst,
or netallocene catal yst. [0085] The nethod of any of
paraliveiekampia g aphs, wherein the pol yneri zati on
catalyst is a bimetallic catal yst capable of producing

[0(%9P|]ﬂﬁ§jl"él}1e Q&lt%gﬁr j.f]pfi)mélo? %L(?gerne\ggs 19asSed through a first packed bed of

UT-2000 de-oxo material to remove oxygen. The first packed bed had a diameter of 9.8

inches and length of 8 feet of the UT-2000 deoxo material. The flow rate of ethylene
through the bed was about 250 lb/hr. The bed was maintained at 98°C and had an
operating pressure of 550 psig. The ethylene then passed through a second packed bed for
removal of carbon monoxide. From the second packed bed, the ethylene was cooled to a
temperature of 30°C, and fed to a third packed bed to remove water and fourth packed bed
to remove carbon dioxide as described above in Comparative Example 1. As shown in
Table 1, the oxygen concentration measured in the purified ethylene was below 5 ppbv,
and the increase in concentration of carbon dioxide in the ethylene exiting the bed of UT-

2000 was about 0.4 ppmv.
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Exanpl es [0086] In order to provide a better

under st andi ng of the foregoing description, the
wofobd/arés9ag non-1imting exanpl es are of fered. pcm/ushens/ 044234

foll ow ng exanpl es, several types of purification

material, feed streans, purification beds, and olefin

pol yneri zati on catal ysts were used. Exanples 1-6

i ' en renoval at tenperatures above 800C

as well as generation of carbon dioxide at these

t ' i .

oop R B ESgiE B YPRD o8 SRR bfhefd UioBBE e packed bed of
maAéTR @8 Ferh@EP@N@EL Theipatiaudt beganeratiangter f Roincltisaoiddength of 5
fqug%}gg Lpiﬁlé%&@h&ggégn%tg%ﬂ%}e%? @lﬁﬁg{, é}fblﬁst:}g 1sog)fq¥r?rg%f:§ﬂg é\vailable from
su%gg\feghﬁ."”ﬁle‘“ﬁw af B%Et‘ﬂ‘yf%% tﬁ%u%m@%d GAR O 1HMS - The bed was

sumari zes t eed str conditions and the
mainaed iat 1@09€ anfl Maanfopenitisg prastse ofi 650 psig. dAndhewnin Agble 1, the

e RS e B oS ST s S BRLRL 00 5 pov

of o hb GRBEPEhrE AterBRIEbRkE Ban thé inkthylene.
arative Exanple 1: [0087] Ethylene containing |ess

than 0.1 ppnv of oxygen was passed through a first
Comparativetfxdmpie $.enove oxygen. The first packed bed had
a dianeter of 9.8 inches and |length of 8 feet. The

[O@H gf?tlﬁ@%{féég REtheCRN HaR R 1{113 %%x’igér? Wﬁilgiss\_é}ﬁ iél@x‘au'gﬁ a packed

rom Univati on Technol ogi
bed bf 20002 TBadatktial. Tiespacked tesl hnddubietetst of 2 irfcbes adyigegth of 5 feet.

T ol B SRS L T S Rl
anddthd3h %ﬁtﬁ%ﬁﬂgssﬁ@%%@pﬁg. K0stdsiin Tarte @t e guiHfied ethylene

then passed t'hrough a second packed bed for renoval of
exitanghib paciedxtiedef Trid2 TBemetediabmgesyrrdalesredan Hepby.of gapeen but the

de- ol i el .
AR RaR ™ Sl 0 By B O BHPAE 00 CRERAR by ous 005
plﬁﬁ‘hyl ene was cooled to a tenperature of 300C, and fed

to a third packed bed (dryer) to renove water using 3A
CnDIecuIar sieves from UOP. The ethyl ene was then

fourth packed bed to renove carbon
di oxi de using a m xture of Selexsorb(r) COS and

(0692} CERQTRE chnGRinE1R¢ th GV Pphivbbfeodyzemwils GRagsedAlirough a packed
shown i'n Table 1,” the oxygen concentration neasured in

badhaf Ha427B mateei_ahyTleengacbm%/ bédnlepd; hdiameter of 2 inches and length of 5 feet.

. The flow rate of ethylene through the bed was 40 Ib/hr. The bed was maintained at 80°C

and had an operating pressure of 550 psig. As shown in Table 1, the purified ethylene

exiting the packed bed of T-4427B material measured less than 5 ppbv of oxygen, but the

concentration of carbon dioxide in the ethylene exiting the bed increased by about 0.1

ppmv.

Example 7.

[0093] Nitrogen containing from 2.0 to 2.6 ppmv of oxygen was passed through a first
packed bed of UT-2000 de-oxo material to remove oxygen. The packed bed had a
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first parked bed was bel ow 5 ppbv, and the increase in
concentration of carbon dioxide in the ethylene

w@iobHmyod he first packed bed was about 0.1 ppPWI/US2005/044234
Conpar ative Exanple 2. [0088] Nitrogen containing from
0.6 to 2.0 ppmv of oxygen was passed through a first
packed bed of UT-2000 de-oxo material to renove

diametgeof 9.8 ireches ansk lepgtblof @ foetd Thiedovhrate of niiragat through the bed was

st OGN PR TR e SCh btk R e porc, and

hadedh ?grm@i preguat of 185WFsi@N A hBaftrestnORSY thkeh Téd B £ U8 Qo remove
P

of 550 psig. The nitrogen was then cooled to a

wateinpeingt Lie meleadacsieyerd ffom WQPa dsyshowrp in drablee 1, the oxygen
UsSi . . Lev f r.om, UOP. shown in .

et e B4 S8R LTS oSy R s
caphoni dibxide coricemgaionwes deedced. 5 ppbv. Conparati ve

Exanpl e 3. [0089] Ethylene containing 3.1 ppnmv of

oxygen was passed through a first packed bed of
Eﬁﬁ%§®§0 de-oxo material to renove oxygen. The first

packed bed had a dianeter of 9.8 inches and | ength of

[0&9411 ethyRhe EbiRaibitip2@06h A 8K 8x yBeh & ds3asselBroubR W gadkedl d of UT-
et hyl ene through the bed was about 250 I b/hr. The bed
20884lerntionmateridld e meledbrdl haslde diamspes 08 OiSnigchasend Uengtiyof 8 feet.
50 psj.g. e e | ene..t he as t hrough .a second. o
i o 30 o SRS B TR e PR o P B itinea w 207

artlead e opaakeg plesdire 6HS50EdY. | A chovasinCdleD, th®oRygen concentration
tenperature of 300C, and fed to a third packed bed to

measHisdelniiecuriicd BYIERe: resBRiRedd below P PRb¥n¥idene drgsesse in carbon
di%igéhgl?ceﬂéat%%;\g{sg&g&teﬂbove in Conparative Exanple 1.

own 1 n t he oxygen concentrati on neasured
in the purified ethylene was bel ow 5 ppbv, and the
Example8se in concentrati on of carbon dioxide in the
et hyl ene exiting the bed of UT- 2000 was about 0.4

o P B SR A RS 08 e o

mbRfislr toakmbee beyEene TheygrRed BEEhaRg ldenddatbfMihches and length of 5
di aneter_ of 2 inches and |length of 5 feet. The packed

fegle dTheapckethlerdl qanipinersT 4R 2B imaterialhwhish jis corpmeasiatiyavpijable from
Seh | e, s ] The f [ f e

FLOALTR' P TN O B 5,81 4O UM P b v
maintained at 3°C and had an operating pressure of 550 psig. As shown in Table 1, the
oxygen concentration measured in the purified ethylene remained below 5 ppbv and no

increase in carbon dioxide concentration was detected.

Example 10.

[0096] Nitrogen containing 2.6 ppmv of oxygen and 0.5 ppmv of carbon monoxide was
passed through a packed bed of UT-2000 de-oxo material in its reduced state to remove
oxygen. The packed bed had a diameter of 9.8 inches and length of 8 feet. The flow rate
of nitrogen through the bed was about 300 Ib/hr. The bed was maintained at a temperature
between 26°C - 30°C and had an operating pressure of 550 psig. The nitrogen was then

fed to a dryer to remove water using 13X molecular sieves from UOP. As shown in Table
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mai nt ai ned at 1000C and had an operating pressure of

550 psig. As shown in Table 1, the purified ethylene
wWEXi0bHT99d¢ he packed bed of T-4427B naterial cortEUS05/044234

| ess than 5 ppbv of oxygen but about 3.5 ppmv nore

carbon di oxide than the inlet ethylene. Conparative

Exanple 5. [0091] Ethylene containing less than 0.1
1, plmwxygfen @w@etrammp&%lmim the (pugfiedan'plaxgkm ovasddlogf 5 ppbv and the

427B mat er | tThe i) taﬁ d .anet er. of é dioxid

ca Bh‘élgn%fﬂ Cg?wcgePHa o a? gy ePl?‘P‘é gtlgch?See’tnhW e droxice
cohfdn@dabn Waedhiededvas 40 | b/ hr. The bed was mai nt ai ned

at 99C and had an operating pressure of 550 psig. As

shown in Table 1, the purified ethylene exiting the
[0093L: Kk lenks dSganTcomporiionst eri al measured | ess than 5

ppbv of oxygen but the concentration of carbon di oxide

Ill IIIE et llyl e | U IllLledb

0 o5 rom " ColR L OO T e ST CaNPOSITION
cont ai ni ng | €PG ARSAT P(A(]I(ElDrBEDJf oxyg@R@MsFWSEAICKED BED
through—a-packedped of T-A4427B natlerial—The packed

bed had & ¢ BASVe| (P PPMY RO PR Ié??gﬁﬂl?vof “GOmpmyv. | CO2 ppmv
T Bk O] Tal g Of —STIyd pTTe T T gpEghT it STAgT 0.6
(F(gﬁ%r.oflyre bed wasg rraq nt ai hed at 800C and had an
Cpap Bki g ©.€2ur e of 0550 psi g0 As [shows i n|Table 1, 0
t he puriflied ethylene exi-tjngthepgackedbed—of

Geap ¥ frat edal reastit ed es93harl 5 fPbv ¢f oxygen| 065
' ".e4 OncCggtTafto .' CRT bgR 5Tl Xid 51 The 3.6
d;%h}\)/ane exm?nq { he bed |ncrgaged by about |0.1 ppnv
ComapBkes 7. [0Q93] | Ni t0.bgen| co®Xai nijng Som 2.0 to 2.6 0.85
ppm/—of _oxygen—was—passedt-hrough first—packed-bed
('éﬁmmﬁxz@co d%loxo mat®Fi al | t o k%rove oﬁ?gen The 0.3
PagKed ameper of 9.§ 1 nghes and Ifengtdr of |8~
feet. The f{]ow rate of nitrogen thrlough the|bed was

abButg 300 | bAGr. The héd was S nt di ne&Sat 4 0.5
fnrmnr at ure hnt ween—13C an SOOC’ nld had aH Cper :rl-n -\Ig
pr%’és%re of @5@0 pSi g.O-il'he nlt oigen was t’hen |fed to a 0.5
o QU O [TEMPYE Ter,. SN 3% ol ecui<gr Si[eve f T o1 0
U%.e shown in Table 1, the oxvdan concentratléon

measured in the purified nitrogen was bel ow 5 ppbv and
no increase in

[0098] In Comparative Examples 1, 2, and 3 and Examples 7, 8, and 10, the purified
ethylene and/or nitrogen streams were fed to one or more gas phase polymerization
reactors to produce polyethylene. Various ethylene polymerization catalysts were used,
including a Ziegler-Natta (TiCls-based) catalyst, chromium-based catalyst, and
metallocene catalyst. As shown in Table 2 below, the feed streams produced polyethylene

with excellent physical properties and provided excellent catalyst activity.
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car bon di oxi de concentration was detected. Exanple 8.
[ 0094] Et hyl ene containing 10 ppmv of oxygen was
w@2ms0thoddir ough a packed bed of UT- 2000 de- oXBCT/US2005/044234
mat eri al . The packed bed had a dianeter of 9.8 inches
and |l ength of 8 feet. The flow rate of ethylene
t hrough the bed was 40 | b/hr. The bed was mai ntai ned
[0089] JBBIE 2arRblyrackization penditiomsgpndipeedigt wsalts. 550 psig. As
shown in Table 1, the oxygen concentrati on neasured in
the purified ethyl ene remai ned bel ow 5 ppbv and no

Thcrea n carbon di OX1 dg._congentr i
Exarrplé tﬁi Hf95] Et hy| e g § Wtai ni %eéi?f Iﬁ%?ﬁ, l\ﬁeta ocene

%%efge ure gggsed t hr ough 3y cked bed ﬁf4 materl gl 348

The packed bed had |a di aneter qf
%Wkg t{u%n h of 5| feety; The packedgped cgntai ngql
?tleria which is commercjially available from

\%@e g?’ﬁﬂ]a@l’re-gnﬁefdspw rate ojyeet hyllene tfgsough [the bed
40 b/ hr. The bed ed at 3C and had an

CORRNBIENG pressure of B50) pRkene As| ShoWexdne Tabl €-Hexene

t he_oxygen concentratipn nmeasured fin the puriflied

et hyl ene renmai ned bel oiw 5 ppbv and no increasg in

oxi [ ation—was detected—Exgnple—10-.

ChDB6profndtivigyelb/lbont ai hi ng 3808 ppny of 16@WPgen and H®
hy

h A A~~~

nnnu aof nnrhnn mnayc—d wno nacond

lllll \"ACI NN VAv AR NN R A CAR AT FAR ma | VLS ASoCUT

Gugll T Pab“eu
Rbsdllﬂmwrgmmfo de 0X0 mateﬂl%ﬁ |n i G-2hdced st at@9c2o
h [}
r

|
e ve UA CH IHC \cu ucu Hau A HCtCI L .
M%@ﬁé@x%dg/méﬁgth of 8 feet 4he f| Qttse of nitro?gbn
LHIUUgH FHU DEU wdasS dUJUL % I'Or 1. IHB IS
' X helg dg4mig ¢ enper at ur e §etween 2634 300( and $&d
anm operating pressure of 550 psig. The nitrogen was
then fed to a dryer to renove water using 13X
nol ecul ar sieves fromUOP. As shown in Tablel, the
[00306) deantagn nmbvdimms omdnfeaturas eIdIV'c rbeti deguibed jusidgrd sat ofarumerical

ORIV S TR TSR BEARSRPAIRS st
an§ QBW@thI{hﬁttb Qy WpperdBing Cdre dont[aﬁ)@&?dd Uriéds &tHerwiderifdidited. Certain
osi Tl ons.

lowe imits, upper limits and ranges appear in one or more claims below. All numerical
values are “about” or “approximately” the indicated value, and take into account
experimental error and variations that would be expected by a person having ordinary skill
in the art. Furthermore, all patents, test procedures, and other documents cited in this
application are fully incorporated by reference to the extent such disclosure is not
inconsistent with this application and for all jurisdictions in which such incorporation is

permitted.

[00101] While the foregoing is directed to embodiments of the present invention, other and
further embodiments of the invention may be devised without departing from the basic

scope thereof, and the scope thereof is determined by the claims that follow.

-28 -



[0098] In Conparative Exanples 1, 2, and 3 and
Exanples 7, 8, and 10, the purified ethylene and/ or

woRaosog®m streans were fed to one or nore gas POEES2005/044234

pol ymeri zation reactors to produce pol yethyl ene.
Various ethyl ene pol ynerization catal ysts were used,
including a Ziegler-Natta (Tid 3-based) catal yst,
Clatm©om um based catal yst, and netal | ocene catal yst. As
shown in Table 2 below, the feed streans produced

pol yet hyl ene with excell ent physical properties and

| d I I I bl ;
Bor yhitefeiooies kol et Bhinlitd ' ocul 1o [ o0100]

Cer tppbvidiapofdedreiadasn amFiflﬁﬂg oS tHiaVel bparbydesiGme b€ dxygen and
using a set of nunerical upper limts and a set of

nuner i cal0-3 pRiBbyIvohmesof wateshoul d be appreci at ed t hat

ran

Con%%?su{lé&x@ﬁéw ?tIéegIéIF%l iﬂéﬂIa futsp | c(l: gt&g gI seI(l:eJt%v ly%ﬁlove at least a
limts, yopson ofithe bSyg@ﬁ;ZI r anges appear in one or nore

cl ai ns bel o | nu i cal val ues about r

"ap Wé%&‘?&rﬁ‘?g[?‘%fﬂ Eatssaor\slaﬂaaléﬁ%fﬁdotss%etl\reix gpmove at least
account g&hbﬂ%’f*t:ﬁé V@d'iérog r¥itfny 3 dl?lﬁ'Ierﬁnﬁe(II Igﬁ’Ieaﬂ’I%Irg)rlsmg less

be expected by a person having ordi nary sk
art. Fur tthar Adr ppmaby vpbimenos oxygstarpkadeplmnelzy valche of water,

e e SR P b P8 b e o

di scl osurfyrh 8baiR10°C A6 Bl SOEMtanWitkdd t hi s application
and for all jurisdictions in ‘whi ch such incor porati on

i s [epsing thepurifiod fiegd]strogm tea pplymepzEing 18eFt9%s dir ect ed

to enbodi nents of the present invention, other and

further enbodi nents of the invention nay be devised

2.W t Nchigt metRpdibE 'clagnflr @/mnfehﬁthb dsddosteampie nbhextemblly hewded or cooled
t he scope ther eof term e(fl by the clains that

f ol 185t eendhgdrst gnd §§C B? Sol efin pol ymeri zati on,
conprising: providing a feed stream conpri sing nore

than 0.1 ppm by vol une of oxygen and 0.3 ppm by vol une

3.of \iEteemgthpd fiabamt h,ewhereim the fgampacked bgth camprisest reduced copper

packed bed to sel ecti reno at | east ,a,portion .of
P o SRpg . opa Sl oE coruib TRy PhsecoF BiriRd B8 cofipges one or
pacl&ﬁ&ekaagbrbel@ﬁﬂ&@fww@»yatélermve at least a portion of
the water, providing a purified feed stream conpri sing

| ess

"The method of claim 1, wherein the feed stream comprises ethylene.

The method of claim 1, wherein both the first and second packed beds operate at a

temperature of from about 20°C to about 40°C.

A method for olefin polymerization, comprising:

providing a feed stream comprising more than 5 ppm by volume of acetylene, 0.5
ppm by weight of sulfur-containing compounds, 0.3 ppm by volume of
carbon monoxide, 0.5 ppm by volume of carbon dioxide, 0.1 ppm by
volume of oxygen, 0.3 ppm by volume of water, and 1 ppm by volume of

methanol;
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than 0.1 ppm by vol unme of oxygen and 0.3 ppm by vol une
of water, wherein both the first and second packed

whems/moed ate at a tenperature of from about Q@/US2005/044234

about 500C; and then passing the purified feed stream

to a polynerization reactor. 2. The nmethod of claiml1,
wherein the feed streamis not externally heated or
coolpaginpethedesd dufeemf thrasigh arfirssparbed bed tketechigely reBove at least a
The met hod of cl ai . Wherein the first packed bed

conpri se§°¥‘l§’&f§é‘b€ %b‘é?mg’&‘ﬂwuﬂ%a metal oxi de

cartp 5%2{‘532’% e ISt RERIRDUPR G KEDnBGACIEANGUII 18 88le@RRIYPFemove at least

e
m)rg ents selective for water. 4. The nmet hod of
cl ai m 1, awloetiei of thdracetydent andrasygersonpri ses et hyl ene.

5. The.nmethad of claim1 er ei th the first and

oo TR St rsem b Eh 2 8 Bedkef Bed 0 iectypSireBiife atleasta
about zoq,gn;d;l@keﬂyéarg&pﬁon&dda nmet hod for olefin

pol yneri zati on, conprising: providing a feed stream

coneissigie ferdestreammtheough i fieyrth preked befl tasdegtivelierenmys at least
by wei ght. of . sul fur- N
gsmv olyumsal ;gﬁx%rg%gﬁe Cr%‘%’ gﬁ@ﬁ%&’%@%%ﬁnﬁr@e vo%h rPgmglem purified

car bon difeed dlfeanDcomprisingdlesy darinepmh byxydene of aCetpipnie, 0.5 ppm
by volune of water, and 1 ppm by vol une of nethanol ;
passi ng theveighigolsyylmEspRignmngyFrmpaunds 0.3 gpmely Kelgmepf carbon

sel ect i V%(%(ng:kﬁégg% m! lufle RP'chitBA cﬁ(gxiélcl:]%.l ppm by volume of

sul fur-con c ounds; passing t eed redm
t hrough axyganidB pprokydvdiede ob vedreand Vepm byenoumeaif methanol,

| east a parti.on of. the acetyl ene d_oxygen;, passi.n

the feed @f"f@ﬁﬁ#‘? B uRFon ’trﬁ}rﬁdmsggﬂ%lﬂ p%%ifgtbé:as 3t Operate at a
sel ecti VaLMp& 8By 6f fRbmlaBa%I0°€ 18 abéiit30°Of andigercar bon

nonoxi de;  passing the feed streamthrough a fourth

packed beaussing thelputificd &ded strearniea polymesgation rgaten on of

t he carbon di oxi de, water, and methanol, providing a
purified feed stream conprising less than 5 ppm by

7.vol ure méthad of ¥lapn 6, wherzindthBifeed stream is not externally heated or cooled

between the four packed beds.

The method of claim 6, wherein the feed stream is not externally heated between

the first and second packed beds.

The method of claim 6, wherein the feed stream comprises ethylene gas or nitrogen

gas.

10. A method for olefin polymerization, comprising:

passing an olefin feed stream comprising from 0.1 to 5 ppm by volume of oxygen
through a packed bed comprising a reduced metal-containing reactant that
chemically reacts with at least a portion of the oxygen and generates carbon
dioxide, wherein the reaction takes place at conditions sufficient to produce

less than 0.3 ppm by volume of the carbon dioxide, thereby providing a
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by wei ght of sul fur-containing conpounds, 0.3 ppm by

vol ume of carbon nonoxide, 0.5 ppm by vol une of carbon
walesot®9e 0. 1 ppm by vol une of oxygen, 0.3 ppnPdlyUS2005/044234

vol une of water, and 1 ppm by volunme of nethanol,

wherein the first, second, third and fourth packed

beds each operate at a tenperature of from about QOC

t o about pubified atefint fieed stoeams hangng hess thani (.1 eodmflgedolume of oxygen

streamto ol | zation reactor .7. The net.hod of

Claim 6, ARAMSSHINGEPPRLY Vet st 1dditiigal cREpQ I, and then
heat . ! e ; h

her A 1S B POLIRCRL el £30AL DS BT s
ext er nal |houbiggtacfluidizedded cohprisingst pelythesizatmmdcatalpd esdnsitive to
beds. 9. The ng%poqﬁgq.chin16, wherein the feed

st ream coRyEssE MR dipXideas or nitrogen gas. 10. A

nmet hod for ol efin polynerization, conprising: passing

an olefin feed streamconprising from0.1 to 5 ppm by
llyol Jlte wethod phelaim AP owlgrcia the exditionsdulfinignt ite pragluee less than 0.3
reduced, net al - cq I Qi react ant t e
Feadtdt enipé BELR, S, SRR Dpnar{E o JOEBG Fetpberature of from
genayeaitooe@r bon di oxi de, wherein the reaction takes
pl ace at conditions sufficient to produce |ess than
0.3 ppm by vol une of the carbon dioxide, thereby
providing apurified olefin feed stream having | ess
than 0.1 ppm by vol unme of oxygen and | ess than 0.3 ppm
by vol une of additional carbon dioxide, and then
passing the purified olefin feed streamto a
pol ynmeri zation reactor, the reactor housing a
fluidized bed conprising a polynerization catal yst
sensitive to oxygen and carbon dioxide. 11. The nethod
of claim 10, wherein the conditions sufficient to
produce |l ess than 0.3 ppm by volune of the carbon
di oxi de conprises a reaction tenperature of from 00C
to 9C0C
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