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MULTI STAGE. METHOD FOR MANUFACTURI NG PCLYCLEFI NS Thi s appl i CI,S%J [,
priority P 98/2946%> 4\ sj onal Pat ent Application No. 60/033, iegbf"ilill’sgsg
Decenber 31, 1996. 5 Field of the Invention The present invention relates -
to a process for polynerizing olefins to polyolefins. Mre particularly,

feeds using a Mt TETAGEMETHTS AR MANVRACEARIE POLIRIRFING 7)ot ' T
used to process the nost dilute feeds. Background of the Invention 15

Most of the current processes for producing polyolefins are co-current in
nature and requiire a highly concentrated and purified ol efin feedstock,

whi ch resul ts i dhis@pelisalion slaimsxprigrituie W& tProyisieralyRatent Applisatien i on.
As the cat ef through a series of reactors,
I ncr easi ngﬂydﬁofﬁgggheﬁeﬁ [?éséem%a%{'gﬁqt h increasingly | ess active

catal yst. 20 As a consequence, inconplete conversion of the olefinis
achi evable in a single pass through the reactor. The unconverted ol efin
must be recycled to the beginning of the process. Unless a portion of this
recycl ed stielghef the)lnveation he concentration of diluents in the

pol ynmeri zation reactors builds to unacceptable levels. In nmany current

pol ymeri zati on processes, the anount 25 of purge ultimately is

determ ned by the content of diluents in the fresh feed. Hi gh dil uent

concentrations iThe peedett dnvimtiondrellated toud peodeisefor palyrmerizingi dlefims ¢b ef i n
|l oss. In ord? avoi d such | oss, extensive and conpl ex separation schenes

rt
lyolgfing gMare particylative thee invenyoexrelates to a process for

are requir &9
10 polymerizing-dilute olefin feeds using a multistage reactor system in which

the freshest catalyst is used to process the most dilute feeds.
Background of the Invéntion

15 Most of the current processes for producing polyolefins are co-current
in nature and require a highly concentrated and purified olefin feedstock,
which results in increased complexity and cost for polyolefin production. As
the catalyst and olefin streams proceed through a series of reactofs,
increasingly dilute olefin is contacted with increasingly less active catalyst.

20 As a consequence, incomplete conversion of the olefin is achievable in a
single pass through the reactor. The unconverted olefin must be recycled to
the beginning of the process. Unless a portion of this recycled stream is
purged, the concentration of diluents in the polymerization reactors builds to
unacceptable levels. In many current polymerization processes, the amount

25 of purge ultimately is determined by the content of diluents in the fresh feed.
High diluent concentrations in the feed demand high purge rates and
concomitant olefin loss. [n order to avoid such loss, extensive and complex

separation schemes are required, which greatly increase the complexity,
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I nvestnent, and operational cost while reducing the reliability of the
pol ymer i z%qw?'%q“ocess. An effective, efficient process is
handling dilute olefin feeds. 5 2 SUMWARY OF THE
| NVENTI ON The present invention provides a nethod for substantially -
cont i nuous| ol efins conprising: introduci ?ﬁ into a first

pol yneri zi n \ S ) iont
reaction z §S§n¥?%sﬁn6| gP?Wt'ﬁﬂﬁyrﬂ?ﬁtzmﬂ@n redueing sthe craliebility ngf stied fresh

ol efin pol 8@&&&&%%8 Qcess, Catalyst in said first reaction zone with a
first vent)smxture aﬁpi ?Il’ét feed rate and under conditions sufficient to

formand avoid | L}RQ: 8 P olefin wherein first yent, mxture c ri ses
unreact ed ol ef i ?1@ gﬁggté\?edi&lqéﬁp?ﬁﬁpﬁﬁﬁ g d?ﬁ%é%ﬂﬁi%lﬁ'%"éé{e@i di t?oﬁ%, n

wi t hdr awi nfeeaisyent product of unreacted olefins and diluent fromsaid first
reaction zone; withdrawing fromsaid first reaction 15 zone a first

prodgct m xture conprising §%Mﬂllﬁﬂ #SFH?'NVE?JTQORP' yol efin; passing said

first product mxture to said second reaction zon€, contacting said first
product m xture in said second reaction zone with a second vent m xture at
a second feed rate and under conditions sufficient to formand avoid

mel ting said polyolefin, .wherein said second vent m xture conprises a 20
material sel ect iﬁefpf 8?&?%@"%{#&%‘”@8”&53@ m%h%\(f%f sukstantially contiaugustyxt ur e

compr i Si NOpoARARAoRKiRSiditpthd!! IntRIMUCIHPIIG a'dist fbdBRAIANG Z9ash and,
W t hdrawi ng from said second reaction zone a second product mXxture
conpr i si ngolgdind pelymerizatioancatalyst; sohtentingi said2fresh olefin polymerizatioBRl EF

nggtgl)rpﬂsys t%(s?ﬁ?s%ysw%sac@o% zolnei \%Vitﬁ asﬁrhs? r\T/%H ?nbgtiu?eq ra?rg f?rfst eéé] F‘aetee stage

and under conditions sufficient to form and avoid melting a polyolefin,
wherein first vent mixture comprises unreacted olefins and a diluent vented
from a second reaction zone; withdrawing a vent product of unreacted olefins
and diluent from said first reaction zone; withdrawing from said first reaction

15 zone a first product mixture comprising said catalyst and said polyolefin;
passing said first product mixture to said second reaction zone; contacting
said first product mixture in said second reaction zone with a second vent
mixture at a second feed rate and under conditions sufficient to form and
avoid melting said polyolefin, wherein said second vent mixture comprises a

20 material selected from the group consisting of a fresh feed and a mixture
comprising unreacted olefins and diluent from a third reaction zone; and,
withdrawing from said second reaction zone a second product mixture
comprising said catalyst and said polyolefin.

25 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram of a three stage reactor system
according to the present invention.



.accordi.ng.to the present invention. DETAI LED DESCRI PTI ON OF THE

| NVENTI O\#Vyb y P fgSent invention provides a system which ef bpghisyabigsend
ef ficient S& ymerizes olefin feeds, particularly dilute olefin feeds. The

5 system preferably is a solldlllqwd slurry systemwith nmultiple stages;
however, a nultistage gas phase fluid bed systemal so could be used. A

person of ordinary skill in the art will recognize that the concepts of the
i nvention are applicable to any nunber of reactors greater than or equal to

two. Also contenplated_ is alg u% ow._react or H%not shovvn i n which
provi sion 10 can bPRHALER DESGRIRFION Qhd WENHP an olefin

m xture and a catal yst polyner. The invention will be best understood with
reference to Fig. 1, in which a reactor systemincorporating the features

of the present invention is 15 designated generally as 10. In the system
10, fresh pol yriEne zptesent cimvehtion providieledat systefn rwhiche affectively - mdlz Any

be Uhod | (PFENEY oRONTeF#aRnblEBR. 148 cpblaUiaEl ofydiec ol 38438 cr TRt (0
type cat a'ét?%iéma PrefdPir 'e%ﬂﬁaﬁg@dmat SlursH d&y@@rﬁ %’?thgln‘?uﬁ@’f%esgagééa' yStS

i ncl ude, are not netessar m t'ed‘to those desc
Pat ent No. howm zasmumstage rgasapbabehélucﬂ lbeuysywmralsoecomﬁlhm used. A

cCoMmer Ci aI aval e fro C‘at | yst. Resources, Pasaden exas.
Sl bl o rRATEPN e REIBERLS T TReoGze et ae GSAIeeRty, of et ed t o
cycl opent SR | f F@%&éﬁ t
pr ef er abl ?ﬂgs |+n %g ra??gbéﬁlﬁl% tLBJ agﬁ)f gﬂﬁgﬁk%ﬁb , 0&%82@- @Enr@d égﬁéipor at ed
heredn by twel eAlsoceont@implated é8 aglugdpworsastiiddot shewh)tin evhich provision
can be made for countercurrent plug flow of an olefin mixture and a catalyst
polymer.

The invention will be best understood with reference to Fig. 1, in which

15 a reactor system incorporating the features of the present invention is

designated generally as 10. In the system 10, fresh polymerization catalyst is

added to a first reactor 14 at 12, Any form of catalyst that is active and

selective for olefin polymerization may be used in the present invention.

Preferred catalysts are Zeigler-Natta type catalysts and metaliocene

20 catalysts. Suitable Zeigler-Natta catalysts include, but are not necessarily

limited to those described in US-A-4,710,482, incorporated herein by

reference, which are commercially available from Catalyst Resources, Inc.,

Pasadena, Texas. Suitable metallocene catalysts include, but are not

necessarily limited to cyclopentadienyl derivatives of transition metals or

25 metal halides, preferably as illustrated in US-A-5,240,894, incorporated

herein by reference. The catalyst may be added in solution or siurry form

with a suitable carrier, such as a hydrocarbon. In a preferred embodiment, a

metallocene catalyst is mixed with a mineral oil to produce a slurry
comprising about 20 wt. % catalyst.
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_Slurry formwith a suitable carrier, such as a hydrocarbon. In a preferred
enbodi nent, a netall ocene catalyst is mxed with a m neral_oj oduce -a
slurry coM@e$Med 20 wt % cat al yst solid. 4 The first ré’%%ﬁ%@he 14 is
the inside of the first reactor 14. Ingthe first reaction zone 14, the _
catalyst 12 is contacted with olefin feed 9. The olefins in the feed 9 rmay
be any olefins, with preferred ol efins being ethylene, propylene, butene-1,
hexene-1, and their derivatives. The olefin 5 feed 9 to the first
reaction zone 14 preferably is dilute, conprising 50 wt. % nost preferably
conpri si ng 30 Vhe fitsbredetion pbred Mdsis thbdnsiclendintiher first reactoolidi i in thed 9

preferably should be an inert diluent gas, such as_propane, in.t case
wher e propyftigactionzane id.otheceatabist 2 i c@’l‘\‘éctﬂde‘mtﬁ ‘H'?ﬁﬂf?@?j %Oh'&%r e

| . . ; _ ; : ih
Py ar 'y g R Rlad s oy betRe I iy bRAME Wil ofBiefiefl oifis . | 0°
hi ghy exdehey stisyleidepfopylersd Butens-datiexener, edred aheiy desivatives.ediy

condensi ng vapor 30 fromthe first reactor 14 and returning a portion of
the 15 cefirdeed 9 ipdhe Just seadtion sene ot4 prefesaklyos diluteh COMPTIRING ed

vapor by CHERA SR o, Hed dhdferdly GrhRBHRY apark PEWE B BF et RS e na
cool i ng cOFhe réthaih8aE bp thet Slfih Teed T KRIfErablyh sRolideh & aheiflefNdiRfEinTRyds, the
vapor renoved from each reactor is returned to cool the sanme reactor. 20

The t enpersuchras piopane, incthe easeswberalptapylenenisdhegnajesicompenent of the
10 olefin mixture.

Where propylene is the major olefin component and propane the main
diluent, the initial reaction resulting from contact of fresh catalyst with olefin is
highly exothermic. The heat of the reaction preferably is removed by

15 condensing vapor 30 from the first reactor 14 and returning a portion of the
condensed vapor 30 to the reactor. A portion of the condensed vapor also is
removed as purge 32. Although it is preferred to cool the vapor by
condensation, other means of cooling may be used, such as internal cooling
coils or reactor cooling jackets. In a preferred embodiment, the vapor

20 removed from each reactor is returned to cool the same reactor.

The temperature in the reactor should be maintained below a
temperature at which the polymer being produced will melt. For polyethylene,
the temperature should be maintained below about 110 °C, for polypropylene,

25 below about 90 °C. In the slurry case, the pressure in the reactor will be
determined by the vapor pressure of the mixture in the reactor. The rate at
which the feed moves through the reactor preferably should be maintained to
adjust the solids content of the product siurry in that reactor to between about
10 - 30 volume %. Once the olefin feed has passed through the first reactor,
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.tenperature at which the polyner being produced will nelt. For

pol yet hyl ene, the tenperature should be naintai ned bel ow &Hﬁ

pol ypropW@ﬁ%‘”“é‘bl ow 25 90[err]C. In the slurry case, r]?i %972%?83 in the
reactor will be determ ned by the vapos pressure of the mxture in the

reactor. The rate at which the feed nmoves through the reactor preferably”
shoul d be ntal d to, adj ust .the solids conte

tg roduct slurry in
that reac r§5rq 'Pf’l"@"‘lt e3Which) cempisesatal ){ﬁﬂ[é]’obf'@?" Ufi¥eth W%@oYﬂgsed
t hrough tﬁs‘vﬂﬁesﬁr ‘?éé&t‘a'bmté‘tezé' oif 1R HeBecth rdBothH8; TH Slnf@TP! | ses

catal yst/p mer s urry, i's renove om 4 at 28

and fed tseméeosewutd doear:s iov eddh ofleactors™4s 48] 85d 24. event s occurs in each
of reactors 14, 18, and 24. The olefin feed 9 for the first reactor 14 is a

first vent mxture 16 5 conprising unreacted olefins and diluent froma
second reactor 18. The olefin feed 20 for the second reactor 18 conprises a

Thi Pd renctor A0 ARt iTRIRIOEHrRR T @ FheftmBilie ko BBl 0o o

from a nuohegactéd @mfrnseand aixlpéaf frofed sémnaerebetd‘n‘gls herhléuasmﬁnstaéeam froma
tradi tional ROl ynerization 10 systemthat is designed to process highly

concent r afdheriecendi reastor & eomprisesia \(enitmxxtmsamz camprising dnreastedr 24
encount er s, t concgnt r at d olefin i.ch,t shoul d be
gr eat er tﬂnlﬁgh oa%gd"bﬁ'aﬁ &?ﬁ“n@ ﬁﬂd'e?ﬁtgrfi st hFe‘Q@%ﬂ fegd éﬁﬁﬁh%?@ c?he nost
di lute ol pdddiof ey &lglﬁél'e%rﬁ@HuﬂbQ?oﬁgoM‘ceso/& HrSferizdy %urbé%%m@'ﬂ?é erably
30 wt. %olefins or I'ess. 15 According to the present invention, fresh
cat®l yst parges stieam sfromsa traditional polymerization system that desngned to

process highly concentrated and purified olefin feeds (not shown). The third

reactor 24 encounters the most concentrated olefin feed 26, which typically

should be greater than about 50 wt. % olefins, and the first reactor 14

encounters the most dilute olefin feed 9, which should be about 50 wt. %

15 olefins or less, preferably about 30 wt. % olefins or less.

According to the present invention, fresh catalyst 12 is in its most

active state when it contacts the most dilute olefin feed 8. The catalyst is in

its least active state when it contacts the most concentrated olefin feed 28.

20 The use of fresh catalyst 12 to process the most dilute feed 9: (a) aids in the

conversion of the dilute olefin feed to polyolefin; (b) reduces olefin loss to the

purge stream 32; and (c) avoids overheating of the catalyst from the highly

exothermic reaction that occurs when fresh catalyst contacts concentrated

olefins. Such a system also provides for controlled activation of the

25 polymerization catalyst, a step which often is achieved by treating the catalyst

with monomer in a process called prepolymerization. The present invention
eliminates the need for a costly prepolymerization step.
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. active state when it contacts the nost dilute oleflin feed 9. The catal yst
isinits |east active state when it contacts the nost conce&g%ﬁé olefin
feed 26. WO9B29pk use of fresh catal yst 12 to process theFfd&t? Pe feed
9: (a) aids i-n the conversion of the gilute olefin feed to polyolefin; (b)
reduces olefin loss to the purge stream 32; and (c) avoi ds overheati ng of
the catal yst fromthe hi %hly exotherm c reaction that occurs when fresh
catal yst cont aRReactoss ddatlBakdprefarablysaresany type p§ conntarayrentoRaasar f or

often i s TudticereBe uRarta, e tia BRAADIA SRoR " sEMbRle! Mg PERatL' C2) 1 e
prepol yethasd d&sbribedan RRe $SIBwihg (£ 8! iFaifertts! Whith 8fe héebydandofporatedcost | y
prepol yneri zati on step. Reactors 14, 18, 24 preferably are an ype of

clount er cgrbyemefer@m: or @-A—&I%E’A@i 6295556331 83,97‘(?)57553 4, 1@6%2%2;? iand d
. t { t '
0 518 Dot o209 0. RGO AL B 54 prossranlE 3Pe e Bhls Bie sAmigudn Snud’ 1ds.

3, 965, 083;coRsPudtiofd redctbp §4289; and 5, 504, 166. Reactors 18 and 24
preferably should have the sane or simlar construction to reactor 14. 5

The final product m xture preferably is the product m xture fromthe third
reactor 24 conprising catalyst/polynmer slurry which is withdrawn at 34. The

final product mixt handl ed in n r_of " referred
[Fnel Broduct S H5 BB phaDeh SFoieraBy 1R oot il o B 5
separat e siipd EACIES RARFIrRIMY CHERYStARIVASE SRiFfyalvRRthOlsakitidra@edat 3and the
final product mxture is returned for flurther processing to the main
10 The final product mixture may be handled in a number of ways. In a
preferred embodiment, the system of the present invention is integrated into a
separate system designed to polymerize concentrated olefin feeds, and the
final product mixture is returned for further processing to the main
polymerization reactor. Such integration avoids the need for complex
15 physical separation systems to supply concentrated olefin feeds to the main

reactor.

Creater or fewer reaction stages may be used depending upon the

particular application. Persons of ordinary skill in the art also will be able to

20 adjust reactor volumes, pressures, and temperatures to optimize olefin
recovery and catalyst activity in a particular application.

The invention will be more clearly understood with reference to the
following Examples:

25 EXAMPLE 1

A metallocene catalyst is prepared in the manner described in the US-
A-5,240,824, which has been incorporated herein by reference. The solid
catalyst is slurried in mineral oil which has been thoroughly air freed. The
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. polynmeri.zati on reactor. Such integration avoids the need for conpl ex

physi cal %pg,%{s‘pn systens to supply concentrated ol efin fRgtssdz83ddge nai n

react or. eater or fewer reaction stages may be used depending upon the
particul ar application. Persons of ordihary skill in the art also will he
able to adjust reactor volunes, pressures, and tenperatures to optim ze

olefin rec r t LV EYad N4 80 j.cu ' L The
i nvention f/?me{ﬂ MB@%@?@%’% %%étﬁg‘%u%%de"ﬁts%do% \{\h'p gﬁ} ef iﬁén‘%ggl&#ﬁ%%%}gp%gw ng
Exanpl es: Pl §izé ot @bbutrB0ahicasrgne catal yst is prepared in the manner
described in the US- A-5, 240, 894, which has been incorporated herein by
reference. The solid catalyst is slurried in mneral oil which has been
thoroughly air freed. The final slurry catalyst contains 20 wt. % solids.

The catal yst has a final particle EL%e of 50 m crons. 7 EXAMPLE 2 A
reaction systemas illustrated in Fi ulyl %as three stirred autocl ave type

br esdur s to- 3. B ERGYSn SHeR pt s alem i Fidlie dhan tse Aborad Ayieciavg:
A ﬁgc: ors, gtygé teHtOre BR8B! QlibidIrh&erd' 91660 clblc fetf GORRIRBHER ralE SIS €
pressures to 3.4 MPag (500 psig) at temperatures up to 200 °F. The reactors
have instrumentation allowing control of temperature, pressure, and the level
of a contained liquid or slurry. Provision for the removal of heat from the
10 reaction is through boiling of the suspending liquid and its condensation in an
overhead cooler. The resulting condensate typically is returned to the
reaction mixture of the same reactor, but may be routed elsewhere if

required.

15 2.27 Kg (5 pounds) per hour of the metallocene catalyst slurry
prepared in Example 1 (12 in Fig. 1) is fed to the first reactor (14 in Fig. 1)
using a diaphragm pump. A vent stream (8 in Fig. 1) comprising a mixture of
about 50 wt. % propylene and 50 wt. % propane is fed to the first reactor from
the condenser of the second reactor (18 in Fig. 1) at a rate of about 9,070

20 kg/hr (20,000 Ib/hr). The temperature in the first reactor is controlled at about
65 °C (150 °F) and the pressure, set by the mixture’s vapor pressure, is about
30.6 MPag (450 psig). The slurry level also is controlled.

A vent stream (32 in Fig. 1) is taken from the condenser of the first

25 reactor at a rate of about 6,800 kg/hr (15,000 Ib/hr). The composition of this
vent stream is about 33 wt. % propylene, 67 wt. % propane. Product slurry is
withdrawn from the first reactor, and comprises approximately: about 0.45

kg/hr (1 Ib/hr) of catalyst; about 2,270 kg/hr (5,000) Ib/hr of product
polypropylene; and, diluent propane. The polymer and catalyst are
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+ of a contained liquid or slurry. Provision for the removal of heat fromthe

reaction is through boiling of the suspending liquid and | ation:
in an oveWRE88%4¢bol er. The resulting condensate typically |C2r r%’?@?ér@d to
the 10 reaction m xture of the sanme rgactor, but may be routed el sewhere
If required. 2.27 Kg (5 pounds) per hour of the nmet al | ocene cat aI yst sldrry

prepared in Exanple 1 (12 in Fig. Is fed to the first reac (é14|n
Fig. 1) 1§epa[ﬂiﬁﬁ@'°§‘ﬂ'l'%tﬁﬂﬁa@nﬁag@§ﬂn FAQVM"%P?%@H [ e et fISa @hpri sing

Fenctor frah BBt hien I8P YIFaR, 8R4 et sbRarten ‘oh e L' 7L
of 9,070 gabauct(s?&r@ﬁard Plelfirst reﬁ&ort@c@%t@hea% itRe fifst rtaat:ﬁ:tr (183atFAg. i s

controlled at 65[err]C (150[err]F) and the pressure, set by the miXxture's
vapor presBure, is 30.6 MPag 20 (450 psi). The slurry level also is
controlled. A vent stream (32 in Fig. 1) is taken fromthe condenser of the
firss reactor at a rate of 6,800 kg/hr (15,000 | b/hr). The conposition of
this vent streamis 33 wt. % propylene, 67 wt. % propane. Product slurry is
wi thdrawn 25 fFothd b@cddd ﬁéadt@taistféﬂ adkft SGeRA £Z0 iMIFG.0X) BBprising). 45
kg/hr (1 Ib/hr) of cataly 27 kg/hr (5,000 | o/ hd‘z product

pol ypr opylahwt 1430 Ng/hnézﬁ Opﬂdb&'ﬁbOf atmixpiseyofdio whatcpnopylene and 4% par at ed

Fo 1), e hiroedie HieribudvetoRBhhEet de ihid BaRRE 128 b oot~ "

slurry f rorné BEcdnd PéadteR R E6ntrdlied &f 8 téﬁgwrm?etd? dottfez sC (remepy (14 in
Fig. 1). 8 To the second reactor is fed a vent_stream (20 In Fig. 1)
conpPi si ng@nd a pressure of about 29.6 MPag (435 psig). The slurry levei also is

controlled. A vent stream (50 wt. % propylene, 50 wt. % propane) is taken
from the condenser of the second reactor and fed to the first reactor at a rate
of about 8,070 kg/hr (20,000 Ib/hr), as already described. Product slurry is
withdrawn from the second reactor (36 in Fig. 1), and comprises
15 approximately: about 0.45 kg/hr (1 Ib/hr) of catalyst; about 4,530 kg/hr
(10,000 Ib/hr) of product polypropylene; and, about 5,440 kg/hr (12,000 Ib/hr)
of unreacted propylene and diluent propane. The polymer and catalyst are
separated from this stream and passed into a third reactor (24 in Fig. 1). The
diluent and unreacted monomer separated from the product slurry in the
20 second reactor is returned to the second reactor (at 16 in Fig. 1).

To the third reactor is fed about 13,608 kg/hr (30,000 Ib/hr) of a
mixture of 67 wt. % propylene and 33 wt. % propane (26 in Fig. 1). The third
reactor is controlied at a temperature of 60 °C (140 °F) and a pressure of

25 about 28.9 MPag (425 psig). The slurry level also is controlled. A vent
stream (60 wt. % propylene, 40 wt. % propane) is taken from the condenser
of the third reactor and fed to the second reactor (20 in Fig. 1) at a rate of
11,340 kg/br (25,000 Ib/hr). Product slurry is withdrawn from the third reactor
(34 in Fig. 1) and comprises approximately: about 0.45 kg/hr (1 Ib/hr) of
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.11, 340 kg/hr (25,000 Ib/hr) of a mxture of 60 wt. % propylene and 40 wt. %

propane taken fromthe condenser of the third reactor (24 i I The
second reX¥P8¥23%4 controlled at a tenperature of 63 [err]C%fil%&F,ez%érBPF) and
ab pressure of 29.6 MPag (435 psig). The slurry level also is _
controlled. A vent stream (50 wt. % propylene, 50 wt. % propane) is taken
fromthe condenser of the second reactor and fed to the first reactor at a

R .
"By of rad b R a0 o o eS8 poRRee g fippaie”

unr eact ed ghempdlymer aind catblyshareseparated Tioen thisystezam rahd: recovesed ase
separated fro his stream and passed into a third reactor (24 in Fig. 1).
The i1 uenPraist ok dIBaR 3Ad eegiss ModaMer iARarates BRI 1ha RIPAYCEn « he
second reaghpfy frSmtBE Whi i r%a%‘; r i if4 Fig. 1). To
the third rea{:yt or its ﬁlﬁ@ﬁ%&%%%@ﬁg?ﬁﬁ@?‘g%f 0 r?brﬁéggorg?Zén mtﬁfe of 67 wt.
% propyl ene and 33 wt. % propane (26 in Fig. 1). The third reactor is 20
controlled at a tenperature of 60[err]C (140[err]F) and a pressure of 28.9

MPag (425 psig) .. The slurry Jevel also is control|ed. A yent stream (60 w.
% propyl ene, 40PRFSONY p&(’);ﬁéﬂ@fw sSIf'!ikérh ﬁ%rﬁ h@’"Lo?ﬁ?é’Hé‘@e dhat hEany r d
react or anghddiskdt ' ' ; f 340
kg/ hr (25, Ptk chion ?hﬁ%??ﬁ@?d%?‘??‘r”yy?‘?%%“%Amréﬁaﬁ“??’%ﬁ]&?‘ﬁ%éﬁ'?‘r“@ fréeh 30

(34 in Fi gthel ppiaih @rebscops of the psesent rioxéntitne| TheOembokiiments(desdsibed  of
cat st; lar 5 000 | b/ hr f duc ol ypr | ene; an 7,710
car 119 17, Bt isgtets v e ufl Bl B iRl s ARG BmeBRbe

pol ymer angvhich igl definedrif th€ PiloWing cldimB) t his stream and recovered as
product. The diluent and unreacted nononer separated fromthe product

slurry fromthe third reactor is returned to the third 30 reactor (22 in
Fig. 1).
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Persons of ordinary skill in the art will recognize that nmany nodifications
may be made to the present invention w thout departing fromthe spirit and
scope of WoPBf34edent i nvention. The enbodi ments descri bed PAEESIH2 &”

i I'lustrative only- and shoul d not be taken as Iimting the invention, which

i s defing ng clainms. ;10 Caims: 1 1. A met hod for
conti nuo ul m Um ol efins conprising: 2 (a) introducing
into a f e a fresh olefin 3 pol ymeri zati on

catal yst; (b) <contacting the fresh olefin polynerization

cat al yst |e the first 5 reaction zone with a first vent

m xture at 'z? "rst feed rate and 6 under conditions sufficient
to formand avoid nelting a 7 pol yol efin, wherein the first
vent m xture conprises unreacted 8 ol efins and diluent vented
froma secbnd rBadheiedz ofeE: sybstantlally (ontinuguelydr BAIYRPrENEnPIfifiuct of
unregcted ol ef '&?‘P‘Z'?i @: | uent from 10 the first reaction zone;
11 (d) ngfromtheflrst reaction zoneaflrst product

(o " passing 1 1iiptpaiPBL aBldial fist? sBeiin 226na " rabdiadh Sidtn
(f) contacting the ﬁélymbr@émvéétamsﬁt ure i n the second reaction zone
(b) contacting the fresh olefin polymerization catalyst in the first
reaction zone with a first venf mixture at a first feed rate and
10 under conditions sufficient to form and avoid melting a
polyolefin, wherein first vent mixture comprises unreacted
olefins and diluent vented from a second reaction zone;

(c) withdrawing a vent product of unreacted olefins and diluent from
the first reaction zone;

15 (d) withdrawing from the first reaction zone a first product mixture
comprising the catalyst and the polyolefin;

(e) passing the first product mixture to the second reaction zone;

4] contacting the first product mixture in the second reaction zone
with a second vent mixture at a second feed rate and under
20 conditions sufficient to form and avoid melting the polyolefin,
wherein the second vent mixture comprises a material
consisting of a fresh feed and a mixture comprising unreacted
olefins and diluent from a third reaction zone; and

(g) withdrawing from the second reaction zone a second product
25 mixture comprising the catalyst and the polyolefin.
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.15 . .. with ture at a second feed rate and under
16 gondlﬂmﬂ Hm "ﬂﬂ[’i’r’:‘]rto form and avoi d neltipgodhee, -

pol yol ef i Hvoas;z% e second vent m xturée corrprl Ses a

material 18 conS|st|ng of a fresh feed and a m xture
conprising unreacted 19 oliefins and diluent froma third
reaction zone; and 20 (g0 wthdrawing fromthe second reaction zone

a second p&oduc rising the catalyst and the

t
pol yol ef i n }'Eelmetl’?d of ﬁ?émn%t‘ﬁ% Gl 61? arondyPRNMteMiXtUFR: CORRIIRESy ent
m xture conpri Sﬁﬁre’acted olefmé“&h@aﬂfl@%tol‘rﬁ L rgélzt‘t'c%'tzcjr{fo”éﬁdtttﬁ' rd

reaction zone; and er conpri ses (h)
passi ng the secmﬂlhq»dﬁ.d’(hm'mmprlsee to the th| rd reaction zone; 5
(i) contacting th second product mixture in the third reaction zone 6

with a feed stré@am copassing the sdcohtprodaet Hixturensd thé tifird Péécﬁlofr%h&

rate and under conditions sufficient to formand avoid nelting 8

the pol yol efin; (ignd 8ontacting thé kécond"br‘d&‘%ﬁmrﬂgré frPiRe! third! flaboh S3nk! ON

zone a third product m xture onprising the catalyst and
the polyolefin. 1  With afﬁeds’matmao:npnsm atefmsandZilmm'lteatra ilhirdfpeldyol efin

i t hod of f
the' pr oced: ng. ol ai me"AGTS KPR RAABHRS GEficient {6 form' SRS TBBBG es 50
w. %olefins or |este §o|¥oréﬁn; aride method of any of the preceding clains
wherein the feed m xture conprises 50 wt % ol efins or |ess.

)] withdrawing from the third reaction zone a third product mixture
10 comprising the catalyst and the polyolefin.

3. The method of Claims 1 or 2 wherein the polyolefin is polyethylene or
polypropylene.

15 4, The method of any of the preceeding claims wherein the second vent
mixture comprises 50 wt. % olefins or less.

5. The method of any of the preceeding claims wherein the feed mixture
comprises 50 wt. % olefins or less.

20

6. The method of any of the preceeding claims wherein the olefin
polymerization catalyst comprises a metallocene catalyst.

7. The method of Claim 6 wherein the metallocene catalyst comprises:

25 a slurry of solid support material comprising active metallocene

species; and
o an inert hydrocarbon solvent.
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6.

The nmet hod o

pol yneri zation cataly

net hod of YO EIwhe

slurry of solid support materi al
an inert hydroc

speci es;

and, 4

e

réi nthe meta

W

ecene catal yst conpri s®CTG897/238380
conprising active netall ocene 3

eeding clainms wherein the olefin 2

tal |l ocene catal yst -

bon sol vent.

1 7. The

.
8.

12 1 The-

nmet hod of claim 7 wherein the first and second feed rates produce 2

a reaction mxture having a solids content from10 to 30 vol umre%

1 9.

The nethod of claim8 further conprising the third feed rate to produce 2
a reaction mxture having a solids content from10 to 30 vol umre%

10

The method of Claim 7 wherein the first and second feed rates

produce a reaction mixture having a solids content between 10 to 30
volume %.

The method of Claim 8 further comprising the third feed rate to

produce a reaction mixture having a solids content between about 10
to 30 volume %.
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