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TI TLE OF THE | NVENTI ON OLEFI N POLYMERI ZATI ON REACTOR,
POLYCLEFI N PRODUCTI ON SYSTEM AND POLYOLEFI N

PRODUCTI ON PROCESS 5BACKGROUND OF THE | NVENTI ON Fi el d

of the Invention [0001] The present invention relates

to an olefin polynerization reactor which uses a

spouted bed, to a pol yol efin production system which
uses a spouted bed, and to a process for producing

pol yol ef ms such as 10pol yet hyl ene and pol ypropyl ene
usi ng such a reactor or system Related Background Art

[ OOORITICE €F THRINVENEZREINON reactors which

polynmerize, within a vessel and in the presence of a

cat aOy#FINan dPOINMEBEREOAFIONed i REACEORas oPOLYYOLEFIN
to form granul ar §0| olefin particles are known to the
art . PRODUGIIOR | STSTEM; gDy ROEN OTBEIN 0 RROBLETION
parL#gbgﬁi proach a conpletely m xed state, as a

res ich there is a tendency for a short path

charﬁgﬁ{d} d -0 afoue harge-Ak; particles that have
S Eent—stze arise or for

par tgieldest hbah #Kﬁl grown too large to accunul ate

wi t hin € vesg - 20[0003] In such cases, the forned
par t[000 €F Tha \tresenp @/ensibh #elatésab anlvlefif F??ﬁl)ﬁrﬁeriﬁthﬁlr reactor
problens that tend to arise include higher catalyst

costwhichnisesaspoutedtedy s a pelyiolkfesprogiudtibmsgsemmuhichnses
of defects (referred to as "fish-eyes”" owing to the
si mid apPuted beds gk te ot Precesy dfoprpradagisg) pelyolefingesch as

ticl bt ai ned | . di ul tist I
5o EbEREICRS 2B oM PRUES P sielhp dpaa B g Gt
r eaqidifRd HYesrodar£Qver, with conplete mxing, when
t he

different lots is carried out

by Veou2noldfhe pulluepihdat | RBcteRNAkhicAN PolyRE&aAS ewithin a
takes tine to conpletely discharge fromthe vessel the
pol websel iand parthé presentd af aveatalysto hiy odefiny @tbnomear fetidn as a

the change in conditions, a |arge anmount of
of f £8petilmnichta Bnnpetrnudar mﬂﬁ@legp Hasticlen gre lomewn to the art.

Con?ﬁi\%&%'r,e e gi?lgle vessel, the polyolefin particles approach a
completely mixed state, as a result of which there is a tendency for a
short path characterized by the discharge of particles that have not
grown to a sufficient size to arise or for particles that have grown too
large to accumulate within the vessel.

[0003] In such cases, the formed particles have a poor structural
uniformity. Other problems that tend to arise include higher catalyst
costs, increased catalyst residues, and larger numbers of defects
(referred to as “fish-eyes” owing to the similarity in shape to the eye of
a fish) in molded articles obtained by molding multistage polymers
prepared by polymerization in a plurality of reaction zones. Moreover,

with complete mixing, when the polymerization of different lots is
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5 deal with this problemis to connect a plurality of
continuously stirred reactors in series so as to
create overall a plug flow pattern. However, the

equi pnent costs associated with connecting a plurality
of reactors in series are considerable. [0004]
Accordingly, there exists a desire to obtain a
narrower residence 10 tinme distribution and achieve
plug flowin a single reactor. Known exanples of such
reactors include those described in Patent Publication

No. Zfrh ) : a .

T ane e ot o By B paBmereion Topdtibm BRRRRE it tales
additimerto ¢aapletly dischabge firad@rthé Glesse] ahe pUI?‘@l@ﬁﬁ{particles
means of a spouted bed are al so known (see, tor 5
exarfphieyeraprlpesezad pnir 46 ithecleinge i ctpditiona) & dargdlamount
200%5 426, European Patent Lai d-open Publication No.
148 I-spegifipaiion produst endsorp Earming. L&Ing-anpenivable way to

o R AR
8 Y ol G A s
267584 8quibtenft6dts asddcitéd With &i‘nnégl:ih?%g I¢raliflf 8BfLactors in

within a vessel in the horizontal I on, ‘requires

t hatsedes areicogsidegillees or the |ike be provided within
the vessel. This results in a nore conplicated

con$@Pdt Aerprdingly dhiene exists @ deSinhite lobtaih armpercavarunsidetce
ener. I,S r.ectui red,for. agitate _the particles. In the

pr o distribytion pad achiqys. piigaBevoin antpslenreactor.  Known
| ' fo fluidized - bed ted | i es.

P ERiahbles i shb ot inchiBE RS G BRAST 1t Batglt BEBiRion

fr eFWaI@SQIQ,eEIC@ PLRIE NBLY5 bt a’n@ ﬁﬁgﬁékggﬁﬂaanon of

reactor height. 1In Japanese Translation

AppPCTatipplichlion 206.2268Z74630420hi &h additidi Sre@biors in which
polynmerization in a single pass within a tubular
r eaPudiclestare nsixed biyemeans oba spouted &ed raeeralsy krarven (see, for
achi eve a sufficient residence_ time. [0006] Wth

ci r%’Eﬂné?lF’n_ Rangse i Lyanslaiian p@é’@%r&)ﬂli%ﬁoﬂ Hdee2002-520426,
no. oSt Rl LA Ber lirckat NG 145hhanpaese Batent
ooabpaedd Naid-gdhC RS BB N3s) St PR ifEafon

di fLdidugent No.L®VSIHORY! Chid PPgdnese S THIRMORE dNIBCT
in a plug flow manner. Hence, the residence tine
di sApplicationrNe a5 b5 163y r owed. The fl ui di zed bed

Lo SRR ORIEE I BRI ON panose. Pat ont | Appl | cat i on

Laid- No. S .15 59-420 d T | ati

o IBPESRFMevsE; e RECess b PaaaR GO UHRB: Neocsog bl jn
C : ! -8 s

S SRR 20 L 3 Bt HSGS SR Db

Pr etigfion, egaired B0 Hirrids ﬁazigl%ﬁdﬁﬁc? liRe 3R (RBITRIEH vAthih MR

present invention to pro
vessel. This results in a more complicated construction, in addition to

which a large amount of energy is required for agitate the particles. In

the process of U.S. Patent No. 5235009, wherein a plurality of fluidized
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20 ol efin polynerization reactor which has a sinple
construction, yet can substantially reduce the

residence tinme distribution. Another object of the
invention is to provide a polyolefin production system
which |ikewi se has a sinple construction yet is able

to substantially reduce the residence tine

di stribution. A further object of the invention is to
25provi de a pol yol ef m producti on process which uses

such an ol efin polynerization reactor or polyolefin

Pr 0Kl P8 cSYRICRD in se}igg%hew?@ti@aldecﬁf&tiaﬁ,' theGiekd 36 gﬁﬁ’vide
reactor according to a first aspect of the invention

i nclaiftesbaurd it eadkestapd nely @xhlendan \eadithewd teacirtheight. In
decreasi ng di aneter nmenber which is fornmed on the

cyl iJapanrgseh@mnalations pfl PAT adpplication tNole 2002539420, which
progressively downward, .and has a gas . b inlet orifice

at £aHAES Owh RAYMERHEAion i assiagle dwshavthia af tyglaf@a readpr) dhe

ar tion.zone encl gsed an inside surfage.of the
cec S8 Rt ek, erEibes” 16t b phigvEd siffidl ftence
the (gylinder above the decreasing dianeter nenber.
[006@( I'n the spouted bed-type ol efin polymerization

r eag0006 joWitH eircdlgtihg RRTHIZRE, bl rédlcfirs NikeOfHodk MeBEHIBkas in
is made to flow upward at a high velocity fromthe gas

i nl daparesé i Tearglatione dfotREH AppliohtidrheNdec2@S520426 and
di aneter nenber and into_a reaction zone that holds

cat &uyepeanoReatenh Laig-ppery HlublicatigmMNoa. ci48434Bdeadhe pelyalefin

particle bed is, to,be forned, thereby form.ng a ,.
spo@@a@%éap%tﬂ%y FIROWALES FRLTLA s dRetiomdnEag if eliffjquit to

15 e = T t rtjicle bed sta

chaf?arg?gér irgoég&%gl_nt ﬁ%&‘@?ﬁc %02? g@)‘? _ Pf@\t/ elﬁegt pli\g ffow manner.
par HenlkS thevhgkiabfcd NGHE Ef%‘érﬂ’f‘utidn” ARt beCh&rd®ed.  The
conmposed of polyolefin particles (sonetines referred

to BHeidiveddedirepdtyrs' dedcribelieia” JapaneseuPatent Wpplieatiomlaid-
of an ol efin-containing gas fromthe gas inlet

ori ppee Naa S $8e2k6736pdappwse Ratertti ApplicstionhLaidsopen No. S
di | gée 20particle concentratjon near the gcenter _axis

of PHE2OP et Japsresen Tinistatiopapf i REEsApphicatigandyey 2002-
t og i.th.the gas, and.at the sane tine there al so
t ormh5fs fh by apfestaily SRR e o Rn AiffEpot et doks
str . ! .

andort fEoni i EnnBibinghein (ins dTohydP URtchBland Bltsure
t helggk.efi n-contai ning gas blown in fromthe gas

25inlet orifice forns the spout and sweeps past the

par [0007¢ Ibésithenefibre he olgecti ot picténisasentidmtd peovide an

port | ?n of the particle bed having an annul ar
olefin polymerization reactor which has a simple construction, yet can

substantially reduce the residence time distribution. Another object of
the invention is to provide a polyolefin production system which
likewise has a simple construction yet is able to substantially reduce the
residence time distribution. A further object of the invention is to
provide a polyolefin production process which uses such an olefin

polymerization reactor or polyolefin production system.
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structure. The solid-gas contact between the

ol efi n-contai ning gas and pol yol efmparticles in this
way allows the polyolefin particles to grow through

ol efin polynerization within the reaction zone. [0011]
General ly, when conpared with a fluidized bed, a
spouted bed is 5 known to be capable of exhibiting an
excel l ent performance in ternms of pressure |oss and,
owing to circul atory novenent of the particles, to
give rise to m xing which somewhat approxi mates pl ug

flo r _ ! -
[} QOR8] S5 e ABAMBTAN, Rlackoh RN E Refit Y8 of
| nvehbi Rivehfioh hchides CaANcyMitdr Mhichl ext&Risd9BARAlly™Bnd a
di stribution of particles in the reaction zone

nar rdeceeasirigadiainretqr membeer twhiehds dbsmedionhthengylindes, has an
fluidized bed. Another advantage is that when

r el dnside|diamegteg dhgiodacoeases progressively sdovimwarg, and has a gas
t he .oy der, of several mllineters, that uld require a
ver ylist grifigg at gehogiom gnd dhereoly o sEoWiSH Pef 1% fomRRd s a

bed - pr ced, sucgh parti.gles J5cap be fluidized at
T aR N0y, B ol SUeARE AR RS itsing WrRbrer
f1 uigd -arl 9013d | &f Wﬂer' [ :
reaél?%lrﬁsgc E@? Ing to gagg%%r?g ﬂgg p@gt 0 dtbégéitﬁ\gle%%cf%aﬁmg
i ncldigasteBnfeyhharder whi ch extends vertically; a

decreasi ng di aneter nmenber which is fornmed on the

cyl i[0eR4], Inhslse apout2d betstype diefimepelyméridatidacreaatoesof the

progressjvely downward, and has a gas inlet orifice at
a bdFestoan antolefiewpniaitag Lases| mado to v upivaard at a high

di spose a positi. wi t hi reaction, z .
encl 8%’8%3’%0 n&lerﬁﬁsdgpeg mf%éegﬁeth?éf%spééﬁ? tﬁ‘ﬁ decreasing
di aggls, : i NS t l i .
above tﬁg e_cr_eeglg%1 ﬁé ida{r%%g(r?n ?rgﬁn%gl%?hg Ldgtﬁf%gééééo?lgagﬁmg
gas pblYlotdfirP phftictéd aih Whépval SHiBRSb& iOH Bk d8rHid "BkRby
that increases progressively dowward, is closed at a
t opfeming herspolitedabeld awlibint de eesttion wbneh As sgpac @drein,
apart froman inside wall of the cylinder.

spouted bed” refers to a particle bed state characterized by the

circulatory movement of particles, wherein there forms, in a particle bed
composed of polyolefin particles (sometimes referred to below as
simply “particles”) and under the action of an olefin-containing gas
from the gas inlet orifice, a “spout” (or spout portion) which has a dilute
particle concentration near the center axis of the cylinder and in which
particles flow upward together with the gas, and at the same time there
also forms at the periphery of the spout an annular structure where
particles fall in a moving bed state under the influence of gravity.

[0010] A portion of the olefin-containing gas blown in from the gas
inlet orifice forms the spout and sweeps past the particle bed, and the

remainder diffuses into the portion of the particle bed having an annular
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[0013] In a conventional fluidized bed-type reactor, a
constant freeboard zone nust be secured in order to
suppress particle scatter. However, in the reactor
according to the second aspect of the present 5

i nvention, disposing a deflector above the reaction
zone enables the scattering of spouted particles to be
suppressed. As a result, the freeboard zone can be
shortened, making it possible to achieve a higher

vol unme efficiency than in a fluidized bed reactor.

B L s e
R AR R AT L -
St anﬂﬁ@hg& oféfﬁnfé&\lyxﬂgriﬁzgﬁgﬁgﬁgﬁ fie &?&fﬁrpione'.t IS even

nore preferable for th ty of reaction zones to

be ef(th 1] Gerrgally) wheviiomysered Wik 2Midigéd b&E a spouted bed is
pol yolefin particles to pass sequentially froman

uppekngwa te borapdiile o eshithiting hnwaceled gterfonmancein yms of
provi di ng al plurality of reaction zones and .

mul tPresslgilnts and awba by cisedlstory rmovemenieat the pagicles, to
di str. bution for .the particles can be nade

suf fFFe Py 1 rrﬁ?lf“.ngl\/b‘fvé@e rSO a]EPés APPHRAMRtsSy flug  flow.
Spo . . di _
Rt PR adfiiadd OTWE GRNEDEEARRe bt béSherifion
appreRttoRRLoRING to2thel plent\SnderdtRilid thith £&S HEKE &he
time distribution can be narrowed to a simlar degree

wi t lresidsned Here disediterticaf of tpasticles harthbyremtion zei@aaRower
fluidized beds. [0015] It is preferable for the olefm
pol VR  inapriofartergaciors pvbichdempley fa fhidided drddoedAnother

25naagaRei p} heReehBucluate oP HalpETRdes Bih sizes on
t ' . i f Upst Ld

oadnt aroboBe ARl SRRl oA U RO LRChA Bes
The Ty o B i Py Bk O MRRIEeed, M oA cls

remoanrige fuidizédat ractowdrngap ekielisf inha Ppolted Bed fth@iin a
the upstreamside reaction zone, an ejector provided
on fhidiged bedl e removing line, and a particle 5

%ﬁii@@&ﬂtﬁ? alehnsismestaion seasienakiHingoie Seopndsanpect
oD 8, S, DGR S e, BBty
I nc hl‘:'&%aﬁﬂ% Q:’{i 3 fbfer \fﬂéﬁiﬁelp WAL S fimed oh ThE rcg'ﬁgg%t, %as an

position o e particle renoving Iine, and

f eettiside Hiangetvhiteh deoraveyl SlopsssWely doWhwidre, PR hh§ laCgas
renpving line on both an upstream side and a

dowdetr grificcsatdebation kead dneredf; and|avdefloetbri ekidh iadzpesddat
prevent clogging wthin the particle renpving |ine. By
enpf GPsiigns ¥ahiam macter aaseenciosed dyran bisidehsurfaceos the

val ye and the ejector.can be adequat vent.eq.

[ ooé_{%ﬁfeﬁn& _Elagi' ¥ HETErhRRd Sn e Sridadept the SHlinder above

POl hEEAdF LAY BAAGEL MM &k faces the gas inlet orifice, and
which has an outside diameter that increases progressively downward, is

closed at a top end thereof, and a bottom end of which is spaced apart
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15 plurality of reaction zones fornmed in a vertica
row and having nultiple spouted beds in the vertica
direction, to enploy as the transferring neans a
downconer instead of the above-described ejector
system The downconer is situated so as to pass

t hrough the decreasing di aneter nenber, and all ows

pol yol efin particles to fall froman 20 upstream side
upper reaction zone to a downstreamside reaction
zone. [0017] In the inventive reactor, it is

prefﬁ{)?pgﬂg rfs?&efv ? g di ameter menber to have
e Inati on

an ang I nc meen the inside surface

ther 1318 tahecopQEhE S a'ﬂm(‘lﬁé&hbé&t_{/ﬁé gféracfd?arh aEbnstant
angl e of "repose for the polyolefin particles with

t he freefwiardrzonenaustThe sediredaihl esled meq;pﬂemﬁelet sdajter.
t he ﬁol yolefin particles to be snoboth and makes it
easytlpwener, iv\ihe meadters aehondingt fonthediesond mapéasof the present

especi al |, ef er.abl e for the decreasing, di aneter
menpdyeR ‘\Er'ép%ﬁ%n%ﬁgﬁéﬁ?ﬁt"# abpye 4be Jragian gape epables the

i nsi the,horizont a ich is.a
angl%gagﬁﬁm% Ogﬁ é&ﬁe‘g ar'ﬁgl%ﬁoqoygf’eﬂﬂi’rﬁsﬁﬁh C}Qgss 2,5ty the
t he a

| a2k 0 B AR R Ao IR higher
becorstsme uiffcicaty thadlpatfuidiz8d b3H réddier. the ratio

dA/ dB between the orifice dianeter dA of the gas inlet
ori f[08&4hkdist peefesabiander tlnm&lefen (podymerieatit® irsactors of the

pref.erably 0.35 or |es. t%gt hi s_arrangenent
facumwfﬁ%%lstq ave arﬁhalralmﬁ offthg renctinn zgpefuted forepolyolefin

havi n part| cle ci rcub_n_ n the.reaction zone.
10] Oy Py 651 el ahd yeaction ahues’ From the
' nV%Ein: p@ﬂtmﬁw act i the ac tﬁrls %:geﬁ]?l%((ﬁreﬁ% 1%9%1% for

nati on between an ou e surface
t he thopliaakfyddt reabliom zbied &Y B@'éa&}h%}n?é'ﬁ ﬁf‘glv%rt?cfal row and
repose for the polyolefin particles wthin
r eadei te palyelefinhpatidies ¢o pasg ssqueatistly dfdm mﬁppsﬂreéctlon
fromsticking to the deflector. Mreover, it is 15
pr eFaRp & {over W@Cti@lﬁ |1ze0eor Byoptasidingna qlurlite of reaction

surface of coni shape, [0020 The pol efm
pr oGBS o"H‘CE §ta§ér%&)r@ﬁenggpp&l eghd? é@pe‘@ﬁldéﬂcﬁ heme

| nv I ion

y " SR B e BRI tﬁ%&qu‘i&ﬁ; BforéSer
f eagg Qésdi’fbeﬂ%o'v@va? ShdiEd BQd fﬂﬁ@s%&ﬂ%&&%&ﬁ@nﬁf% jzed
pol yolefin particles wthin the reaction zone
pol bed éf ithatpit gilwestii@ntonmiiag whichlRmdwigitdppRoitates lug
include the step of continuously feeding olefin to tg
ol eflpw. p@&%/ms tatheoresideace timeadidtributidnecaabenairowed to a
contln |y renpving ? gas contaj ni ng unreacted
ol e%IFH ¢ arstpalles mpwmher ol stagey them by rawlg-staging
retﬁ{l %g”; renmoved gas to the olefin polynerization
reac and -t he step of cooling some or 25all of the

r er{@mg 985 ? f@f]abieo ROl B e?'ﬁ]l ﬁbs;rr‘l; z%glﬂhar;e%fa? (provided

condensate IS Ccase, I IS pre

condithsas aleserithal hBevd,0a PIGRAK of RRAdticH) zBfied E}? series and
spout ed bed formed within the reaction zone. This

Kewing npotipiebipeutad bedsl toAmvehaechrat &mttrehﬁﬁmng polyolefin
vaporl zation of the condensate, enabling heat renoval
f r GHHFlES dremi an pisymenrside ireactiosgone thya tdesvnstream-side
condensate to be carried out efficiently. Mreover, in
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5 cases where the olefin polynerization reactor has a
defl ector, the condensate may be fed to a bottom
portion of the deflector. This has the advantage of

enabl ing a condensate feeding line to be installed

using a jig for the deflector. [0021] The pol yolefin
production system according to yet another 10 aspect

of the invention includes an olefin pre-reactor for

pol ymeri zing olefin in the presence of an ol efm

pol yneri zation catal yst and form ng pol yol efin

part t - i | : ;
pol yﬂﬁegét?%t@gg' r gglct% géycg‘f Qﬁéghi ﬁl\% ntBJl: gjrf'leahailsc rtihlus Stransfemng
conngeity] dFhéiransioribigantars precerhblytineludeehiparticle removing
pre-reactor. 15[0022] The polyole fin production

pr oclenss farf reneving \pehyolofin qarticles foun thelupstreamesidd edaction
pol ymeri zation usi ng _the above-described polyolefin
pr oASEIE; 8R eigator prayided, en;ithe particls regyewing lipgy #nd a particle

o7 o (eRinEline ok TRG6E: by Ao Haticfen gk bR Sfoionto the

i nv j ) : es t f ' :
sl i S RRERRE RS SbE" T Bl P SR nttep s
ol efiedly aMst &rnbildfe PREMIRIE ZBF R thaRsfer@hg ifedi3Sto further
ol efin polynerization reactor. In this casée, it is
desiinelolde droontdfE wllve protided eatf &d ihtermbdiatd @bbition on the
pol ynmeri zation reactor in such a manner that, in the

r eaduarioele romeving ine ande gasefeedingdinmwhichaeanpmunicates with
rea&éor, tqeliqujd ol ef i resent in the slyrry has a
553 @ PRt %llrel%‘@l‘”é’& ]tui}e F’Bll?ogh\nf angHj’S@F“FH Y FiaB_ t ‘?\%‘ﬂimam
oes.: ho c Qi ui.di_zation v : o ol

ool bt SREGFOIE YL B Ter'h g % oy st WiclifiShe
A| t i . o] d | . .

f e TERRIC fEmbuiig lihe. (BY atplofiid budt o Skt Rogging
hi ghftheesidff valve Aad tite gerrde cah beeldeqiattlyeprepanitdd bed
that is formed in the reaction zone within the olefin
pol (Bel6]zHtis absa passilde, irBgn obefin pglyrheizitionrigaéterdiaving a

rate or feed 5 position_in the foregoi ng manner, the .
f I owlwelibeobreactan gppes fumeddnaavertigal iovy gng haviagiraultiple

from.becqm ng unst abl e. wi t sificatign of the |liquid
ol eppriisd b i B veich) diredfiSh b BBy s ke thfipdbe
ol et ol | g siftLat | € LE1

he sarne Rt Boga sl 2l LS SEKE Sl oaP bRl ystem.
f 1 oWheadgwatoiee isi Sithdle®! & iR {EPds? ﬂhh@.l?i &hé Ndecreasing
pol yneri zation reactor to the volunetric fTow rate

f ol dmmhetgr gasmber; atmd nalleewd pail yoldfingparttieldsatd efallbfronbean
cross-sectional area A of the olefin polynerization

r eadPgfeanyisidedenper Acactipgzone topstoavrstiesmt-gide repstiga zone.
di a f the cylinder). 15[0023] .The, present .

o SR i SRR Srckorgahite PURGFERLE 49t B gporeasing
si r e . [ U Of. o:

o Rl BB B Uy BRIl o BRI MO
conturfaUfleredf aRd GRE hdrizonfal PWHEER!iE lh%e_?rtﬂ%‘% angle of
pol ymer having an excellent structural dniformty, Tn
addrdpose fop thei pblypbdfitigrarticlpt aeghdnthd eddidn easé.or This

wi th changes in
enables downward movement by the polyolefin particles to be smooth

and makes it easy to narrow the residence time distribution. It is
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20t he production conditions is easy. BRI EF DESCRI PTI ON

OF THE DRAW NGS FIG1l is a schematic view of an
enbodi ment of the polyol efin producti on system
according to the present invention; FI G

2 is an enlarged schematic cross-sectional view of the
250l ef in polynerization reactor 10Ain FIG1, FIG3 is
a schematic view of another enbodi nent of the

pol yol ef i n producti on system according to the
invention; FIG4 is a schematic view of yet another

en‘oogg Igﬁlgh?rgﬁrte J}Sblgof&f%gf&&r%%f?%u gfaiéﬁ)&ef Yodi8r to have an

accor e rnvention; a IS a graph

Shom&d’g@e Ao OnBRhAFGR BetRBeh Cle SSAONSG IS Bereof and the
5o0btained i n Exanple 1. DESCRI PTI ON OF THE PREFERRED

ENVBMridolidd, wWiifiZ4$ ahr aigle rae dvkichasl! mfthe ilyélefin particles

invention are described I n detail below while

r ef ewithing theo redndiont gewth edn dcagravitationelly disdesged.y.In this
case, movement of the polyolefin particles becomes especially smooth.
[0018] Also, the ratio da/dg between the orifice diameter d, of the gas
inlet orifice and the cylinder inside diameter dy is preferably 0.35 or les.
Using this arrangement facilitates the formation of a stable spouted bed
having good particle circulation in the reaction zone.
[0019] In addition, it is preferable in the inventive reactor for the
deflector to have an angle of inclination between an outside surface
thereof and the horizontal, which is larger than an angle of repose for
the polyolefin particles within the reaction zone. This discourages
polyolefin particles from sticking to the deflector. Moreover, it is
preferable for the deflector to have an outside surface of conical shape.
[0020] The polyolefin production process according to another aspect
of the invention involves carrying out olefin polymerization by using
the above-described olefin polymerization reactor of the invention to
form a spouted bed of polyolefin particles within the reaction zone.
The polyolefin production method of the invention may include the step
of continuously feeding olefin to the olefin polymerization reactor and
at the same time continuously removing a gas containing unreacted
olefin from the olefin polymerization reactor and returning the removed
gas to the olefin polymerization reactor, and the step of cooling some or
all of the removed gas so as to obtain an olefin-containing condensate.

In this case, it is preferable for the condensate to be fed to a spout
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Unl ess noted ot herw se, positional relationships such
as up-down and 10 left-right are based on the relative
positions shown in the diagrans. Relative di nensions
of features shown in the diagrans nmay not be true to
scal e. [0025] Polyolefin Production System FIG 1 shows
a pol yol efin production system 100A according to 15
the present enbodi ment. This production system 100A

i ncludes an ol efin prepolynerization reactor 5, and an
ol efin polynerization reactor 10A which is connected

“oacPSHE°OF 35 cPoERS, bR B HEbIE, 28 i lekcne” i

20Thgagkefit HoREBROtY "ﬁﬁfi%@tdlt?rla{e??q{éﬁf of %};éfﬁﬁ[&(ﬁ%f the

olefin in the presence of an olefin polynertzation

cat atommlensatef ehabligd Viedaef tefndal t fr6ine she [ SIRAA] Abion
of the olefin prepolynerization reactor 5 incf)u e, but

ar e Teaetoribyi thedcernglensatartoybep otnyiedr outa¢fifioientlyac Moover, in
ha eSB! WhE| st PlAfin GRBYBPEZatian eapEl hesca biaciae the
oo PR B 55 L9 8 ARG otion PY i fleffestot or Ui has
the @a 'ﬁﬁvﬁﬁfﬁ?ge g'fé(rﬁ]fngf‘ale%)gdc{%ggﬁg?ém% Blle 8 ée itifr‘ﬁal?é’d using

nmore reactor pes nay me use

contd jigtforohe defl@@@t, Sl urry pol ynmerization reactors
that may be used include known 5 pol ynerization

r ead062%] Thecpolyelefine psoduction spstémt ypeordaacttor setaatother
| oop-type reactors_described in Japanese Patent
Pub|&sB@ati frthrenventipn inebides anaplefioquenseent for polymerizing
Publ j,cati.on No. S 46-1167 nd Japanese Patent .
Pubﬂl%‘i‘t Pbﬂ“ﬁxﬁ?es@%ﬂ ke .fa rBéF‘?ﬁé’ﬁFaj&%tiaélﬁ fogming

D" 0GRty WADLE ALY R 6304 s el Wttt RIHRESShon
reactor of the invention which is connected as a subsequent stage to the
olefin pre-reactor.

{0022] The polyolefin production process of the invention carries out
multistage olefin polymerization using the above-described polyolefin
production system of the invention. When a bulk polymerization
reactor is employed as the olefin pre-reactor, the polyolefin production
method of the invention preferably includes the step of feeding a slurry
containing polyolefin particles and liquid olefin from the bulk
polymerization reactor to the olefin polymerization reactor. In this
case, it is desirable for the slurry to be fed to the olefin polymerization
reactor in such a manner that, in the reaction zone within the olefin
polymerization reactor, the liquid olefin present in the slurry has a

superficial velocity following gasification' which does not exceed a

minimum fluidization velocity of the polyolefin particles held in the



10

15

20

25

10 nononer such as propylene or butene to an inert

sol vent such as an aliphatic hydrocarbon (e.g.,

propane, butane, isobutane, pentane, hexane, heptane,
octane) or an alicyclic hydrocarbon (e.g.,

cycl opent ane, cycl ohexane), an ol ef m pol ynmeri zati on
catal yst is dispersed in the polynerization solvent to
forma slurry, and 15 polynerization is carried out in

a state where the polynmer that is formed does not

di ssolve in the polynerization solvent. Polynerization
is c I: a r at: : iech:
the BaFUAER TS, AR il uEs i RgR i fo BEMETinto
st at @eafehin ?glr)&@éﬂiﬁfont Rattok Frorg ra“ﬁ%h@ﬁﬁésiﬁ@ﬁ tHAB § YJo¥Rer
in the poly i zation solvent. The pol ynerization

20t elepelr off theespionitegiebed dhdt s fomrdBth tie d0fon aode within the
preferably from50 to 80C The pol yneri zati on pressure

i s gdabngidlymerzation teagtord Byesssting the shoryvifesd satd or feed
preferably fromO0.3 to 5 MPaG [ 0029] Bul

pol yRAsHIoThin e foregaing sammsr, the %s@%a% thecsrpted heghgan

TS Rl 85 e Ui Sk gl P e
Jap%ﬁﬁﬁﬁog ent Publication No. S 41-12916, Japanese
n u

Pat e I'cation No. S 46-11670 and Japanese Patent

Publ i cat i ¥he Nesuperfidiaft 29618¢itBu! 6f Pdley TRfuvid abledin | following
process in which an ol efin nonomer such as propyl ene

or lmasdivatios refeertda® héreirpdd theevalnatobtained|bye nonventing éhe
substanti al] absence of inert solvents such as

al i piedametrieyiliew datetsdribe liquid olefindpd e th gledinepolymerization
B0 B A B B SRSl i
cyclph gétgé}:el}ly iRe cgéﬁ{/#ebﬂ%gg Rl Aaf)f‘%ﬂ Co%ﬁﬁléyﬁc;lyfnﬁnzatmn

di sper ion sol'vent, a
pol j i I 8A Gargy ' tie ahed:
Dol tore ELHAlLr| O P 0 B tiers Tyo Jhf BT iRnlelt? of e

pol yyHnderat i on sol vent. Polynerization is carried out

at a tenperature 10 and pressure at which the

pol Y933]7Bhe¢ pressnt maantion pravidesniameadangement which, sithough
and the polymer that is forned does not dissolye iﬂ-

t he SPRPlemenablgs i3 Rag gy, Esidene dimpe)| digtEibudign; tonbe achieved.

t emrmer at ur isﬁwgeneralll from30.t0

S B Lo, BREE O Bl robelis Sodfidunshh draduced, s

IS [RY; . .
pr PSP, ofro et BbBEAG! Rihe 3P oS sleng Hrefar amifBRflicy,
t ankn &dditiod 86 wHiéls poB@hetfeplazaienin’ tha Gt adtsr WithtchaByes in
be used i nclude known pol yneri zation reactors, such as

t hethegzrotloctiordesalifibasiisieasgapanese Pat ent Appl i cation
bﬁL%E&Egﬁaaggﬁipéﬁagag%%aig%ﬁigﬁeﬁﬁggaEEEf;Le gas 20
phase PO % e RS R et & e
of P LR <o LR I et BB VP e um
by means @5, an i@Gint éh&i'_r%ed REhemARREodstbebNBnHAS R Df the

state is polynerized. e polynerization tenperature
i s olefiarpmllynefizaiiorb@actor 10A in FIG. 1;

FIG 3 is a schematic view of another embodiment of the
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25t0 110C, and preferably from60 to 100C. The

pol yneri zati on pressure should be in a range at which
the olefin can be present as a vapor phase within the
stirred tank-type gas phase pol ynerization reactor,
and is generally fromstandard pressure to 5 MPaG and
preferably fromO0.5 to 3 MPaG [ 0031] Fl uidi zed
bed-type gas phase polynerization reactors that may 5
be used include known reactors, such as the reactors
descri bed in Japanese Patent Application Laid-open No.

S 58; . Iﬁmg 4 ai-d- open No.

S SSQ%gé%gépgég&%%g%gg%ﬁ%g%%m Aﬁgp %é%ng’%hmi d- open
No. H 2-233@08. iskl wikimast Rady tofPRet dastitagibodiment of the
pol ynerization is a process in which a nononmer in a

gas gualgokefiatprodscticdhls ystemal aesorthey toette inweatidn; aind | e
mai nt ai ni ng primarily an ol efin polynerization
catal yst &g died grephoshovangianermialized itcangient sgsponse curve

wi thi.n the.nmedium by the flow of the nedium the
mn&@?lmﬁmnﬁéa@g’l"e.ﬁus state is polynerized. In sone
ORE OF

Casgypg PREFBRRAD BABOAMERAS

flui ;
gengoeth% Preferrkd %@%Ji&eﬁ%%}? tHY BivehS Yird HegBrifed D detail
100C, and nore preferably from40 to 100C. The

pol Ywebewz ahilen réfefidng!’ ® Iheudtthohedi diagramnowhete \Wecedsary.
the olefin can be present as a vapor phase within the

f | uildiless nbted- othpeviseapositipnalnetlitongbipsraiichyas pprdown and
sta dgrd pressure to 10 I\/Pag preferably fromO0,2 to 8
VPaleBrightore based coming relafine ositianssshenwbpats the odisgrams.

Comyy nations of .different reactors are. exenplified;.b

o A Bitysidsag TrARral SRS 47 o FigRSaP midy 8l B¥true
pol ygeg4igation reactor, to which is connected, as the
subsequent stage, a fluidized bed-type gas phase

pol Y 0B23 ZRblyelefliFP&IdRELiOh SFsehd rred tank-type gas
phase pol ynerizati on 25reactor. [0033] Alternatively,

a fl ushi nBIG.ainkhdves a pebeolefin pgodintieactystnol 80 Amcoording to
pol ymeri zati on solvent fromol efin polymer 1|8arti cles

may the meesent emhodiment. d eBhis cprpduetion systemy 100A includes an
ol i zati on reactor or a_bul ol rization..
Feadigin irpolBuretioearier 5 64 ah AU apEtsEtion reactor
ﬂ agea augﬁgc?l Fipa%SnRé’Jté’Jmﬁé 23t sifbhel AR W) e olefin
ui-di ze ed-type gas phase 57po )(}msrl Zat®on reactor,

a sg}&éﬂ(gylmgﬁggﬁ&yﬁgcgﬁg_phase pol ymeri zati on reactor
or the subsequently described ol efin polynerization

r ea¢0026 |10k inPrwpobimerszationREdctrhi ng tank is not

al ways regﬁi red; particularly in cases where a bulk

pol yrrer i ZBh¢ olefineprepolymegizatiod reactéit b poiygerizaskoledn in the

often not provi de?. .
presence of an olefin polymerization catalyst to form polyolefin
particles.
[0027] Examples of the olefin prepolymerization reactor 5 include, but
are not limited to, slurry polymerization reactors, bulk polymerization
reactors, stirred tank-type gas phase polymerization reactors, and

fluidized bed-type gas phase polymerization reactors. Any one of

11
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10[ 0034] A efin Polynerization Reactor The

ol efin polynerization reactor 10A is a reactor which
carries out, in a substantially gas phase state, an

ol efin polynerization reaction on polyolefin particles
formed by the olefin prepol ynerization reactor 5.
[0035] Referring to FIG 1, the olefin polynerization
reactor 10A is 15 conposed primarily of a cylinder 12
whi ch extends vertically, a plurality of deflectors 20
provided inside the cylinder 12, and a plurality of

t ubuhpke baickd8 %4%8@&@&18&3,0& RRAIRY oFpEHRESrS bf 8% same gfpe

provi ded I nside tthe cylinder 12. The deflectors 20 an

t ubuhmay hfidddein dnbinatiah,t & twad of ynate seasad dfnliffbeng types
axial direction of the cylinder 12. Also, it is
pr ef maxiecusedin combimstiont he defl ectors 20 and the

A L it B e b B
tho- o Fdhizatids Aol g iR e B Rl i loop-
mor etyﬁ'ég%?&ﬁ@ des@{]f)em 93%{?1%?&3 %8%&?}?11599&@11 NB. §h-12916,

ol ef I yneri zatron re Ive reaction zones

25 2fapafiedeOrFishti Publid®ion O%. 1SOW6L N70e ahdl eJdpahbdid Patent
12. Each reaction zone 25 is a region enclosed by the

out sPuldicatiohable. & 44-42879. arSibaff palyfRrizafien is resipdecess in
surface of the tubular baffle 30 directly bel ow, and

t he Whishd@ qelymedzatfon selysat t isoprerared by yaddiagran olefin
bet ween these two tubul ar fles 30. The

b t qQqpnost
r eacPPBRMER $uch S| progyleng; ombuisee 4Q BTt ?fgef”ﬁs‘?‘%f@ as an

e, TR, B, ) e
bel oedahe, t BBpeahe NBofit] NeR! &P, afiBGCldI® hilicdfbon (e,

surface of the portion of the cylinder 1

t hershtdpupedne, [ 09ddheMnieli mreaslbfine polymerization atalgst is
ol efin-containing gas flows upward at a high velocity
f r ondispeyaesd i iml ethe opolyroerizasionedsodvers ot faam ead sBoty, ofind

the tybular baffle 30, thereby formng a spouted be

of Wﬁ%‘ﬂ‘i’fhlsp?é'm?@ pEkIn aF"@E?S‘G’{‘er §ﬁ8fbim¢frfiﬁ @fgpned
in each reacgti zone 25, ,a defl.ector, 20 i i .
ot Saonet divsglis: o fod PobfueRenEn Shiyell | RfiRRZEon i
and . had o
ot 1 GRS o dABmipitlutbhd phesut"e: (Al (e bémerization
par tsoled i€ mRdthee@id B hNiquid Ritfe MAdehe i golpass tdt ds tformed
shorten 15the freeboard zone, enabling a high volume
ef f idoieenmy dissobes i the petyméingon FHeendef (Thet poly@@rizaison
a conical shape with a _top_end 20a that is_clgse

d, an
out dempemtuivels sgengralivnfiopt BB deek005 ke gne yptpealy from S0 to
domwﬁ?ﬁd, d a hottam end 20b that is s egia art. dard
fromiut e | diCdPARAPETIEIHG PTG bt eaCaly froms sfqndar
Par t GlsGfe 1070 MIPE 2RAFRe R SIRND FrCPMPHE

[0029] Bulk polymerization reactors that may be used include known
polymerization reactors, such as the stirred tank-type reactors and loop-
type reactors described in Japanese Patent Publication No. S 41-12916,
Japanese Patent Publication No. S 46-11670 and Japanese Patent

12
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20 wth the inside surface of the deflector 20 and are
taken up into the annular structure of the spouted
bed. At the sane time, gases circulate upward by
passi ng between the bottom end 20b of the deflector 20
and the inner wall of the cylinder 12. [ 0040] Each
tubul ar baffle 30 is a tapered cylinder which has an

i nsi de 25di aneter that progressively decreases in the
downward direction, and has a top end 30a that is
contiguous with the inside wall of the cylinder 12.

SuchpgbilicatibaNBeENt47a42ME  JBERS pbiyreérigtioat & dPpRIcdss in
froma circular gas inlet orifice at a bottomend 30b

of twhichudmlobefirb afdnome3Guchuds propylanet orabiitene tih eisgdisie ghe
to circul ate upward between the top end 30a and the
cy| i PRigmenzatiamsolyert inrthetsubptantialeatissnemal iert splvents such

Rl R £ RS, WA e
h [ .

gas Taa B Sode i Bicy AP (el ogehfne

t eNMRYcifhbxahe) dﬁ%]léﬁn tﬂ?ﬁyﬁ%ﬁ%ﬁbrp@a)ﬂ]ﬁ[ti &atispersed in the

reactor 10A. ‘[0041] As‘shown in FIG 1,” four upper
dowpdymeszaden aokeat, candl %@lﬁﬁeﬁﬂ@io@s id oapiEs ohiwugRtate
each of the four upper tubular baffles 30 within the

cyl iwkere 1Re polymeerbdhabmsdoienmededogsbnpt disselvdedni rhe
t he b?tton,m)st t ubul ar lz)?ffl e 30. The uypper downconers
SSa%YWE%H%ﬂéWM- pg YBEAZA0R 16 0aIT14G gt 3 (gHpRsrature

reacti,on zone 25 to,a,l ower react.ion zone .25. The .
o FOUePsEIR Aty RbnhsoR B EAdss Yo 1 Faaiiiped in o
ol [ i §d.e : : |

B 1SR BB i ool R A i PhdpRAT Bk, HBE sl i e
12. pbMan¥Aratish Yol¥emnd THEZ2paliytheizafion @8mpBratigrel BSgeerdlly
t he bottom dovvncormer 35b.” The pol yol efin particles

can floan di3c hter gMD°Cyn  and ulpsefgrabhy  Stomp 50 doc @OS€L vel The

openi ng and closing these valves V71 and_V72. 20[ 0042]
To Dobymerigation eressuist ¢4l gssgrally depim standarfopressre o 10

it Ls.desirabl e that. each_tubylar baffle 30 satisfy

them?&&ﬂ‘ﬁ@eg%ﬁﬁﬁ’tﬁ%&j f2rdYaGihe ratio dA/ dB

bet ; , e o

e 5Ty S R e 18 Sheb B AR Bh A SRg ey be

| nsiygad %@%eknﬁlﬁno[aobﬁfer%ltibﬁdf‘éacﬂ&s) Sudl efsetlad! phactors

0.35 or less. Also, thé angle of 25inclination a30 of

t he desdribledrinJapdriese Batenn ApipGeation Laid-opdieNan§ 14é-3F6%6hand

i nside surface of the tubular baffle 30 with the

hor apanea¢  PatentpPelflinationyNo. S 59-21321.  Stirred tank-type gas
phase polymerization is a process in which a monomer in a gaseous
state is used as the medium and, while maintaining an olefin
polymerization catalyst and olefin polymer in a fluidized state within
the medium by means of an agitator, the monomer in the gaseous state
is polymerized. The polymerization temperature is generally from 50

to 110°C, and preferably from 60 to 100°C. The polymerization

pressure should be in a range at which the olefin can be present as a

13
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at least the angle of repose for polyolefin particles
present within the cylinder 12. The angle of
inclination a30 is nore preferably at |east the angle
of repose and at |east the angle at which the

pol yol ef m particles can be conpletely discharged
gravitationally. In this way, 5snooth downward
novenent of the polyolefin particles is achieved.
[0043] Although a spouted bed can be forned even using
a flat plate with a gas inlet orifice fornmed therein

par ¢ 8o PO, SR I S0t ek St ol Beyrivation
Pl at oddRA dnl°id NRhERIIFUHORS CotfthddrliCpfssire gy SLMPAG, dind

result, due to poor heat 10 renoval fn this region,

t he pmfenablyeﬁonmISftuSGVIPaQet her into masses. To avoid
such a situation, is thus desirable for the tubul ar

baf f [@Blwlumhmwhtymngasephaseu palymesizaton a8Ctarithat may
as npoted gbov east a given angle. [0044]
|s pPefUse blnéﬁfd&r ﬁnﬁwndéqapggﬁ,oﬁ%chz% EFr@CE)rts odewavged in

ot vibafedt, Phtimt | ShbE3HcRe 13 oprn Hor 150 SeEr 2, fabatese
the pache anM'L‘:ﬂﬁl o?eﬁ‘the%SBQtl 49@%{@1 9% h%?@%%tent

for polyo in part present W't

12. Apphéitionbyid-dehieb eHi 212p3708.C| ERididéd B@d—type gas phase
adequatel y prevented fromsticking to the defl’ectors

20. piyoedizhtitiolis ol prooessdnt whichsa hesrmnaer mnglgasafus state is
repose of, for exanple, fromabout 35 to about 50. The
angl‘@@doﬂsl ﬂ’@ imediven aado while amllﬁﬂ@ﬂmg)tlhﬂlmhérﬁblqleﬁn

bar LRI GHalYshand et P Er 39%” Huldioad Sgpe within
25na T ﬁ?‘ﬁ@l"tﬁcﬁ e How Bt 3 ARERED B8 SfoRotrpt B e paseous
cyl iseseris Jpblyfefb&Et oS sddle 3d’é§e§ Ueﬁ'll%gﬁatgﬁfl.@ 8% Q)\Haé’d to

be made of, Tor exanple, carbon stegls and stafnless

st eqiromote HhadizaBbis 30%He potymidiiatidhbicmpaatuis € generally
herein, "SUS" refers to a stainless specification

st arfmmd? 1edl 207CJ ppefatably Ifnetus2@ ital 10606 daddmote) pﬁ)ferably
[ f er L use "SUS 316L" when a cat aI

@ﬂ &n gfé"lﬁrns%men?%%meéﬁ%re (sgo bedh %2 range at

haI %ﬁgh %ﬁé’%‘i‘efﬁ? c&li] lb%rf)rre]:ée nt'ass ztl%aBgr % Xm%m the fluidized

bed-type reactor, and is generally from standard pressure to 10 MPaG,

preferably from 0.2 to 8 MPaG and more preferably from 0.5 to 5
MPaG.

[0032] Combinations of different reactors are exemplified by a slurry
polymerization reactor or a bulk polymerization reactor, to which is
connected, as the subsequent stage, a fluidized bed-type gas phase
polymerization reactor or a stirred tank-type gas phase polymerization
reactor.

[0033] Alternatively, a flushing tank for separating unreacted olefin or
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[0047] As shown in FIG 1, a gas feeding nozzle 40 is
provi ded at the bottom of the cylinder 12, and gaseous
ol efin nononer is fed to the bottom of the cylinder 12
by way of a line L30 and a conpressor 54. In addition,
a gas discharge nozzle 61 is provided at the top of
the 10 cylinder 12. Gas which has risen up through
the cylinder 12 is discharged to the exterior through
a line L40, and gas-entrained particles are renoved by
an optionally provided cyclone 62. After the gas has

By B, SOTEAT I bR, polyRer MRicIE IR EEHerfy be
gas-grodided Suaeat O 6furryt polymbizhiiéd Odetzest t6r | hNbulk

L30 via another line L35 and recycled. In addition to

t he mpdgmedestiogreactor laad Gnmectiidsthbrtg as tozalbsequrolt stage, a
shown) which is capabl e of discharging polyolefin

par t8ag Inhgseypolymerization reactarcsush aspe flutdiend bedrtypesgasiphase

provi ded at the bottom of, the cylinder ﬁéﬁ Al sq, to .

" ed RODMABZaREY FRACT, Fotied riankithps gas ridiage Rajgmerization
| efj I ' ' t 0A; at _the. f

Feadtof e Rty B0 R dbid PO i fiol 1iador 10a.

I Nt §YdR& é’f’Egﬁ)ﬁ{ imlé}}i}% %‘J‘ﬂp LRV c : :
shown) a‘{ a posiati on iC gogét %ﬁéﬁng&hﬁggbﬁﬁ?ﬁism
f | ovasds wherebathudknpallyrhbezatidd eletorlid. used, al 0dihg Tk is
cylinder 12 is also provided with a liquid feed nozzle
50 PHghinohpfesdded. from outside the cylinder 12 to a

giv action zone 25, liquid olefin that has been
sepz&%&r‘éd& in Pelymesizetion Reast@bar at or  66.

L e

. | t -L.ni .
g Baytanaly g8; llacd QR B ol DO RRG Aol Bhdtion
52 angodydiefie phallésOforied bytHe bl pepsfyneditidhirBactor 5.

nononer are connected to the 5 liquid féed nozzle 50.

| n F1035], Refeing doillG dedhaoslefin fdlyieridatiqo seattoed0A is
the gas injet orifice of the tubular baffle 30.
Howeraposech dritafilyd of ea deylinder e 13 owhichh sxteridsi vedically, a

oo T ST lB e BREE 2 et
| S e el e, B B0 LR ROl

spogliricer f 190, "efhe HEAARbrs”2G ‘ﬁndaatgg{ﬂ_é} Harflys 90 HeSlternately

di scharge nozzles 60 are provi I'n portions of the

cyl dispesedlia thaakiaj diteetionvs ilibecydliidendas @is Heid pretdrable
baffl es 30. Mdre specifically, as showmn in FIG 1, a

gasfotli kethathgedafleetors 2D and the dubulad bafflehdOptar be alispdsed
facing the side 15 surf

225 X E"’icl[]}ggﬂﬁt&rlﬂz"séﬁmeé P ?ﬂ@# eimdep 2- Tﬁr@,gg&%iantd%%int
o RSO R0 oS YESh it bRREF 1% R 42 s
di SGRATISYHM Hi6tE theh 5$n %ﬂt&lﬁf%@‘égﬁ b irdrdeMftan 3.5 m.

val'ves or "ot her neans sGd as to stantially equa

t o [0bB6 IR Ui oRfingeslyinealzatiais rddRest FBY, five feRibA PBnes 25
liquid feed 20 nozzle 50 and vaporized. Therefore,

ev eme ipmned ima géitied] nive insiderdrecoyinden$2 beBacl eshetinh one
the cylinder 12 via the liquid feed nozzle 50, the
super Bidcregron, englesad by the ordsigs surfase o6 arthbulay bafflecio, the
is kept substantially constant in the vertica

di rection. [0050] In addition, aline L5 is

connected to a position on tﬂ; cyl i nder
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2512 which is higher than the topnost tubul ar baffle
30, and pol yolefin particles containing solid
particles of a olefin polynerization catalyst are fed
through this line L5 to the topnost reaction zone 25.

[ 0051] Accordingly, in the present enbodi nent, a

t wo- st age pol ynerization step is achieved by the

ol efin prepol ynerization reactor 5 and the olefin

pol yneri zation reactor 10A. hi this way, the olefin 5
prepol yneri zation reactor 5 effects the polynerization

and gr. h of pQ | ef.mpakt kel es, ,.creati rel atjvely.
ar o B SR 1 FuRiiBg bl 3R 4RTRL PRy Endutngintiae
pr ef girgRleY o flhd ﬁ)%?ﬁorrr’ U tﬁ?] cylit{der pIrZeF)Sﬁl@é%hyg]‘%Ee &3S tubular
700 gm and even nore preferably at [east 8 gm

t herpfylee3@b| iTHe (opehdseréitioANzode 25 (P4 esibAinRlosed by the
spout ed bed. However, it is also possible'to 10 havé

t he ipoldgrmwfaratofdhe sylépddrel 2catnthe tepl thidreaf, she gisedestuatiee of
that does not include an ol efin_ prepol ynmerization

r eacthgrtubular pafflg 30 shirestly helowdhe fop of \the cyliaderol?, and the
cat al or. prepgl yner.i zation catalyst is fed directly
Lo URdsisarfaRe pbMmRITTionat dhe rulindes 2ibaebSe < ef i n

pol y, | ' Lsacalri t. r L vely. .one or
ror JOBAAT it SRIEREBH A ok b BBl e " fows
suchy j I rd i I

ol cr mresaac, Ry HIOBD SR 2% 6L DRREE Tommedyt 3botom
subsaquatd dfothehtmbulaf baffleod§,niieretat ifeiinihgas tspbuttd b&d of
as to _achieve a polynerization step conposed of three

or mol¥olefingasticlg052] O efin, Pol yol ef m and Cat al yst

sun PSSt i s dnisbiiian o e dofecor 20 i
005 I [ . i [ ,

pol yirese =hF e@oforRp it Bl har R bafle 30 and faces the
pr Ogﬁtihﬁe‘ﬂ ol m'ﬂie k& 6fqﬁﬁnaéﬂ’ébt01p?byiglt%f piévent sfouted
ol efin polymer (olefin honopol yner, oflefin

cop@oyyoledin partidled (Hodt beuttekingC arThig thakeh ibpodsitfle to shorten
pol ynmeri zation of one or nore olefin

( hotlep Gkegleard zenhe,camabling afngly rohimea e ffwidncyBodegrchieved.
ol ef i ns t hat
[0039] The deflector 20 has a conical shape with a top end 20a that is

closed, an outside diameter which increases progressively downward,
and a bottom end 20b that is spaced apart from the inside wall of the
cylinder 12.  As a result, particles that have been blown upward collide
with the inside surface of the deflector 20 and are taken up into the
annular structure of the spouted bed. At the same time, gases circulate
upward by passing between the bottom end 20b of the deflector 20 and
the inner wall of the cylinder 12.

[0040] Each tubular baffle 30 is a tapered cylinder which has an inside
diameter that progressively decreases in the downward direction, and

has a top end 30a that is contiguous with the inside wall of the cylinder
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may be used in this invention include ethyl ene,

propyl ene, 1-butene, 1- pentene, 4-nethyl-1 -pentene,
5-methyl - | -hexene, 1-hexene, 1-heptene and 1-octene.
[0054] One or nore of these ol efins my be used.
Alternatively, the 5 olefin used may be changed in
each pol ynerization step. In cases where

pol ynmeri zation is carried out as a nultistage process,
a different olefin my be used in each stage. Wen two
or nore olefins are used, exanples of suitable olefin
conbj pat h V. | ncl

or opyTonSHaY i SraliBindl, FIRPHRSs 4 iflate upwerd from o

pr opyir&NeY M&'@{ﬁce%taemﬁ?om &Rd sbbWrenetubulitiafe 30, but

et hyl ene/ 1 -hexene and ethylene/1 -octene. In addition
t 0 olleds mst, alidwithe glases wosisddibe upvargebettvethehs aspend 30a
l'ime various copolz\gerreri c ingredients such as dienes.

[ 0058)d treetylkingasl Ydver The igenoplet yrdics, formed| atrtbe Hottome lend
copo iy Tavs pRept herads BURRarE VOS] b hong) so that
Dy ISESRRERS aRH BR TefdiR 2. 25 PRl dlosn dospard
pr Odﬁhféﬂ% tﬁ?% #%k gﬁﬂ igﬁhgﬁ\g{ SsuRAt ﬁh{é@dasblé%a?%tﬁhte b t&@Borary

pol ymeri | proportions o monomer

uni tshusddwh B¢ tiasoleflf ppPyMeREationdeastoeNDA. di ffer in the
respective stages is especially preferred. For

exanPPé]] iAs showrein Jés di, e uppef downeomers 35a are provided so
mul ti st age-pol yneri zed ol efin copol yner by feeding aone
t ypeasgo passithrougd eashofcthe fopr upperytwbilar haifides 3@ aathyn the

AP TGS SIS a8 Bl o e
;' rs&orfb'ng&xb& Widila? GAERS |3cAMOPRL Q}{Fe?”@&t}gémﬁ&%f 553 tfllow
orm random copol yner partl cl es, en reeding, 1n a

SUbsRIEIBEN SPRAEles 461N PEmMR BppiPRaiclbn YofbiZF idPa lower
t hese polyner particles in an additional olefin

pol yesticrakom: 25e adiher pswobe af the bttim r"owncomer 35b is to
prepol yneri zation reactor 5 or an olefin .
pol yaEove gpelyalefios padicleso fonThhe hottommesti reagtinarzang and

eyl M LD I I (-
o Y ECBARLRhal AR B, e
;g%lhgggt?fgﬁ ﬁﬂgg%sﬁgagfﬁg Sgs%gé‘@ed in a subsequent step by
pr oputasssivplyosydrene ded bldshipahesevaties V71 and V72.
[0042] To form a stable spouted bed in each reaction zone 25, it is
desirable that each tubular baffle 30 satisfy the following conditions.
Namely, the ratio da/dg between the diameter d, of the gas inlet orifice
at the bottom end 30b of the tubular baffle 30 and the inside diameter dg
of the cylinder 12 is preferably 0.35 or less. Also, the angle of
inclination &30 of the tubular baffle 30 in FIG. 2, i.e., the angle of the

inside surface of the tubular baffle 30 with the horizontal, is preferably
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propyl ene- propyl ene/ et hyl ene- pr opyl ene/ et hyl enepol yner
s, propyl ene/ et hyl ene- propyl ene/ et hyl enepol yner sand

10 propyl ene- propyl ene/ et hyl ene/ | - but ene pol ymers.
Here, a dash ("-") indicates the boundary between

pol yners, and a slash ("1') indicates that two or nore
ol efins are copolynerized within the polyner. O

t hese, the production of multistage-pol ynerized
propyl ene- based copol yners whi ch are pol ynmers havi ng
propyl ene- based nononmer 15 units, are called

"hi ofy-1Lageant aﬂg}e)é gf %s@%; S&Ffbléﬁ:ﬂ’%&rtié@ Sresent within the

custonarily ca ypr o ene bl'ock copol yners"),
and didivder 1St Theiangldbp pdlAtioh as3 ipaloreprefesdip mt deast
and anor phous propy ene-basegﬁﬁolyner segnents, is

pr efthe ragle Afnrepbse tandeap déastrahe zagleas pyhishe thea pelyolefin
copol yner can be prepared by the 20 pon%%ayou% .

mul thastielge cevl gerspmpleteln dischagsd graydatiogplly. In this way,

g(r);rgst al | fgg hormg%llﬁgr oPr%bgﬂ%ygﬁg%ﬁ S OFEIIE"'ESSd%%%dF
ror SR EL AN RES o Shethlf bed 438, B A Eyert iflg a flat plate

P’ ORViIP RS ANAlet AR AR RPfeANBLrei tHskshdest a tabulat bhffle 30, a
ot her than ethyl ene 25and propylene, in the presence

of trogiohasias tpavticlpndy met fuidiee Wilh arisp ohysweh aHiat pate near
intrinsic viscosity, as neasured in 1,2, 3, 4-

t et rthénjiuside sphiabalodribe aaylindsC | 2whiAshai tesylt.edes 4 Rpor fheat
a range of, fromO0,1 to 100 dllg. This nultistage

pol yRBOV2lia thi VS?%W%H@“S&%%% g&& tya%t.heh o Masses.  To
excel | ent heat.resi st.anc ri Qkd [

Fesiupih e i R0 REF B deybleloh s IRRGE befles 30 to
COMRARE %Sa%‘é BRI 838 wﬁfbﬂ, 49Qotéd laBbv@&Nd dtMeast a
vari ous packKagi ng contalners such as retortabl'e food
paclkaedghgdent ai ners. [0057] Moreover, in the olefin

pol yneri zati on reactor and Eglyolefnw roduction

pr 00844 okt is peeferablenfor dne deldedtorsalicm ¥i€e 2ntol hayglaarangle of

wei ght _distribution of the olefin polyner,shgf 0 efi?
pol yhelinationseikaes the angle dommedibetiveen dhe puiside surface of the
pol yperi zat.i.on eps .ma e given different

el defector a0 b ERerRYah wBisH & ot cest B AneB gLt for
for ' [ y hawvi : d I

el GRDRAHES By BERS BreRghe Tl 'Re! RRRact 105 TR ! Yy,
Vi SGRHAI¥iR Haticl84 chY HEEQ&QEQ tpréverfléd drdheddicklipy e the
forﬁfﬁg pol ynmer coﬁponent 0 tg?ﬂég in 15 the

pol vetlectoat 2N step that produces the highest

mol ecul ar_wei ght pol yner conponent is in a range of

pr ef@04H Bolw&ﬁmpauc&mwﬂmgqn%pé 15pese PhbIGF e¥ample,

1tg 50 Wg, _and even more preferably.from2 to,20

W o fromiabonkaST i Abow: Soe i The raeiy of indfiaiopetsf gad 020
the i gnsj 1S i t he pol yner conponent
obtéF%@@iﬂﬁeﬁﬂéﬂﬁ§?§ﬁ%??§gtion step 20 that produces
the gb%?l‘h@ﬁéﬁ@dibﬁ&%&ﬂib%‘ DeREs SOAROBAM attabhed to the
present “i nvention can advantageously produce an ol efin
pol yyEfiddr 2sz Gppbigs &nohioned). t The pabpors hevesabstattially
obtalned in the polynerization step which produces the

hi ghesinflusnee wbrargaseilght apdl polyolefonflovent Thec eplhnder 12,

for fromO0.1 to 80 wt % of_ the ol efin 25pol :
deflectors 20 and tubular baffles 30 may be ma%% %EE for example,
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[0058] The ol efin polynerization catalyst used in the
i nvention may be a known addition polynerization
catal yst used in olefin polynerization. Illustrative
exanpl es include Ziegler-type solid catalysts forned
by contacting a solid catal yst conponent contai ni ng
titanium magnesi um a hal ogen and an el ectron donor
(referred to below as "catal yst 5 conponent A') with
an organoal um num conpound conponent and an el ectron
donor conponent; and netal |l ocene-type solid catal ysts

Pr ePas 8dn QYectd RRP rsfa%ﬁlgssastgag aslul:]? ;é? m‘gyﬁ ?Q{}w 094 28431617,

cocat al yst conmponent on a granu

CombAR&se®RereM, “SEFErefars b ¥ShAnlFRY s ciicdifonifittardized by
10[ 0059] What is commonly referred to as a

t i t afipantseigdestriabSadpaki(1ES)c amkxﬁtﬁéfeme beustsSSUBI 161"
catal yst conmponent A enployed in the preparation of a
Zi egWben aygsdalys Whlabaarallygﬁ in Torosivenpgesdientdatg) ¥ &alogen
may be.obtajned by contacting a titani umconmpound, a
mgn%hﬁcghﬂfﬁlﬁ)ﬁ%t%%elaﬁ% etron donor such as the

uoed 47D As Rt Bl € 3 Chefitt Rome 40 Brmeridedpt the
RN . §

T (SO T GCTRIRES 192 4h A O OBRER ot BEIR € fed to the
20 cssthanof the ic Iiﬁdétali@%?nw&jf%a BAé 130Cand B hI@mprebsor 4,

nunber such that 0 a4). Tllustrative exanples include
t et rlahadditjemat eghst diselrirgenna2@lec 6hreymdsidedcit # top of the
titaniumtetrachl oride; trihal ogenated al koxytitani um

conplinder ddeh Gas evhishybas aisennmp rihcougly ithe cydimder 12 is
o AT S SR B s
ronaroreHEval By ol AR R R A AL o, gas has
ohl DERARKGAR AR OS (5t M ckEhadiicP b1, b cBfiotEksor 64,
t et masecuxly hehtrixehagitd 65 ehidbut@sMiquianseparatdhes® it is

titani um conpounds may be used singly or as
coniitreduced do dfnet Id0 ota anetber Hoe 435, afjdogyEleddngde siddition

b Eas S inia el 0y erlighara Reariarineb Hhowmlshich is

whi Eébelb‘”l‘é/ €of* discharging polyolefin particles at the end of reactor
operation may also be provided at the bottom of the cylinder 12. Also,
to reduce the amount of powder remaining inside the olefin
polymerization reactor 10A at the end of reactor operation, it is
preferable to provide an interior member in the shape of an inverted
cone (not shown) at a position which does not interfere with gas flow at
the bottom of the cylinder 12.
[0048] The cylinder 12 is also provided with a liquid feed nozzle 50
which feeds, from outside the cylinder 12 to a given reaction zone 25,

liquid olefin that has been separated by the gas-liquid separator 66.
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1%

5 magnesi um car bon bond or a magnesi um hydr ogen bond
and have a reducing ability, and nmagnesi um conpounds
which lack a reducing ability. Illustrative exanples
of magnesi um conpounds whi ch have a reducing ability

i ncl ude di al kyl magnesi um conpounds such as

di met hyl magnesi um di et hyl magnesi um di but yl magnesi um
and 10butyl et hyl nmagnesi um al kyl magnesi um hal i des such
as butyl magnesi um chl ori de; all cyl al koxymagnesi um
conmpounds such as butyl et hoxynmagnesi um and

al ky spBafgaly Bs ewndaFRYqh aalﬁ#?&‘ ‘f%;éd%fes 58" sityated near
hydri de. These nmagnesi um conpouhds having a reducl ng

abi | theygaseiyiledlogifick @ fuhe dedond! thbulae bATY 33 LB EReop so as to
conpound 15wi th an organoal um num conpound. [0062

|| ustyjecitlijsd edlefpltewant thengpagi ulf necgssamyds mhipi$2 and a
| ack_ .a mu [ abi | i t{i i ncl ude di hal ogenat ed

magnbgf céﬁ%%%@g the, Hpueliedralpdiasmonpier Aroeprnected to the
RS BA 5h B DRERAIRI  dion

but o b ar i de:. di Si ngds, -
such P g B B AL B th R o S B i i
magnfeet W Zefy 50%'1@&%&6&“0%&%%%&% hﬁd”rﬁévﬁiﬁﬁgad be
magnesi um st earate. These magnesi um conpounds i ch

| ackdiapesedy domn gxahple, tnearakie iotwpneadned awiéfidetar 20. The
synt hesi zed, either in advance or at the tinme of .
25c digigsteed ongrale 50 15 prafpeablt ipsovidpd in &ridgh gast Melgoity
from a. magnesi um conpound havi ng a redycing ability.

[ 006510 g‘&ﬁ}wa&m@ﬁw a gRoutde formedsr epar e

5L 300380 AR50l B A HEMIBE GRS O i i
al dafisits of AOUKhIG: 191 HSing?HeChisitl HARAL GfYhe tubular

i norgani ¢ acids, ers, aci s an d
anhyhfflele $0. niMéreggiecificiiBi RisNéhown Gh I ON 41QR@T discharge
such as ammonia, amnes, nitriles and isocyanates; and
or gdwizeled] 18 fraviddd $n tigf portioneofdhe cylinderd@nfacing theeutside
use of _inorganic acid esters, organic acid esters and

et hebsare erseeend [wbuler hafflec PP cfropndhgatope afhis gas
estegs.include. silicon conpounds. havi t he geperal
f or ﬁfﬁ C&%SP‘("%) 15 Weg&‘é&? 2“158]?4231/@?’@’03@%0?1%13.1]6‘3 LAL
gr OYjfhe0 : Ny .
nyarSarBoahof gt AiRgRTal fort A 1S B ORe Fozrfatho i
I s @onuohed by uedpebtioé valves ordbther kst §Rhd UL bE%aBRAESally
i ncl ude tetraal koxysil anes such as
t et equalt loothesahewst, 0£ asehtoxassbéan fahilt Gtonahhe dixysd Ifeed
ne;

nozzle 50 and vaporized. Therefore, even when liquefied olefin
monomer has been fed into the cylinder 12 via the liquid feed nozzle 50,
the superficial velocity of the gas inside the cylinder 12 is kept
substantially constant in the vertical direction.
[0050] In addition, a line L5 is connected to a position on the cylinder

12 which is higher than the topmost tubular baffle 30, and polyolefin

particles containing solid particles of a olefin polymerization catalyst
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al kyl tri al koxysi | anessuchasnet hyl t ri net hoxysi |l ane, 15
et hyl tri nmet hoxysi | ane, butyl trinethoxysil ane,

i sobutyl trinethoxysilane, t-butyltrinmethoxysilane,

met hyl tri et hoxysil ane, ethyltriethoxysilane,

butyl triethoxysil ane, isobutyltriethoxysilane and
t-butyltriethoxysil ane; and di al kyl di al koxysi | anes
such as di net hyl di met hoxysi | ane,

di et hyl di met hoxsi | ane, di butyl di net hoxysi | ane,

20di i sobut yl di net hoxysi | ane, di -t - but yl di met hoxysi | ane,

but yhmefed yindugh thietineill prethbubphsitrehdidmpidieossi | ane, t

- but yl net hyl di met hoxysi | ane, di net hyl di et hoxysi | ane,

di et K5di ddvordipglyandn dihbut pledérit hempedineeme, a two-stage
di i sohut yl di et hoxysi | ang, L

di - t PHYRErERRem siePs laghieypd byl the sfin prapedmyerization, reactor

S LI oot s s
Car G0 TR0 1EaIBr S, MR IR pofileriBRioh, 8 prlh of

aci [efif paddiéley, & 'eéa;ir%afemﬁéh' i
ar o(r%??% ca(pboxyl [ craci est ers’l.( ﬁrgfgg%ﬁ%ﬁémg{(égeﬁplragéng
| nclaphetinietsipd ofymrefaalsly atldust SGOﬁh@trﬁorelﬁéféYébly at least 700
propi onate, ethyl propionate, ethyl butyrate, ethyl

val ¢By and sveptigre prefemiablyeat daasty B5Aqum) diezebyrenhling the

met hacryl ate, ethyl nzoate, butyl benzoate, nethy]
tol ’E‘Egt“@{ Al masp ggzie snavtigd bed sdpwever, #tipylso possible to

SUCGi [ | .succinate, diethyl.mlonate,

di bS’ta??ttﬁn% %ﬁgﬁéﬁ,&%ﬁ"ﬁeﬁ%ﬁ@n en%ﬂ’BB?S&B ofi # §igle g that does
di ety linél ' eHAGRSR i gth ;

pht hal at ehﬁg?ﬁﬁb&%?@ﬁqmgt e anttﬁga |t€[js§bu¥]lfllﬂus case, an
pht bidfat eolymeriRithire datdy#X 8FPbrepolyisdrisdbonn aligdfed
al i phatic carboxylic acid esters such as methacrylic

aci direetfer 0 #hed plefinal palymeridation ereactord 10 ei andacokfin
esters. Phthalic acid diesters are nore preferred.

[ OOBejls}’HquF%PPa’ﬁi cAsTigs b e Alistnativiedy, sonenof waleredadditiphal

git P§f5’§lﬁf %%T}gﬁ%é%tﬁ)t&h iﬁl:ﬁﬂ%rg? s{pé:}ld iag qutl% lo(g%ﬂrl] eigfepolymerization
reactor 5 or an olefin polymerization reactor 10A, may be provided
subsequent to the olefin polymerization reactor 10A so as to achieve a
polymerization step composed of three or more stages.
[0052] Olefin, Polyolefin and Catalyst

Next, the olefin, polyolefin, catalyst and other substances used

in such a system are described.
[0053] In the olefin polymerization reactor, polyolefin production
process and polyolefin production system of the invention, polyolefin--
ie, olefin polymer (olefin homopolymer, olefin copolymer)--
production is carried out by the polymerization of one or more olefin

(homopolymerization or copolymerization). Examples of olefins that
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15et her, nethyl butyl ether, nethyl isoanyl ether and

et hyl isobutyl ether. Preferred exanples include

di butyl ether and diisoamnmyl ether. [0067] Illustrative
exanpl es of organic acid halides include nono- and

pol yfuncti onal carboxylic acid halides, such as

al i phatic carboxylic acid halides, alicyclic

carboxylic acid halides and aromati c carboxylic acid

20 halides. Illustrative exanples include acetyl
chloride, propionyl chloride, butyryl chloride,

vale bé& Db irfihi o i {H%e Y -
Chi oy e e rfhis BFCHiGH inAU Ll Henc BRoIFAEE, butcpe,
chl opentene.sdanéthyl-1 ¢gehteneq &-metiyd1yhexehkon HdkensB I heptene
chloride, itaconyl chloride and phthal oyl chloride.
Pref@ﬁdédxéﬂunples i ncl ude aromati c 25carboxylic acid

TSR G oS s e i s,
| & | f d,. -[0068 I f .met hod

o e ol 52 s o A A, o

1) RS i s RSS2 g Y B

donoslefinithily be € iDbAcH dthge. SWaRANvo ¢MRbrd HREANS A8k used,
wth a titanium conpound ofr with a titani um conpound

and examgples of smitabde olefin( @mbinedonnthat iyl bedernplyyediinciude
compound, or a conplex conpound of a solid magnesi um

conpSeRylensisthiiens, e promyiensdrbuteng t progylene/etindene/1-butene,

conp of, Wwth a titani conpounq and an el ectron

donoq(iﬁyngﬁ@ﬁ(l@'}te@fea Hgn m‘?fﬁp ﬁﬁgné’égﬂﬁ#“éf RS&ERE

W t s LU t 1 an In th resence. of an

el eprhtd?%ﬂ_}l&gg%%rl%ﬁ&ashgﬂ ﬁg%]g(g :@gﬁp ﬁee{OpP%ec %bl Cat?"oh “BFC g2rous

sol idbpblrAetié HgeediBht8 Suck 49 dfeHkd her treating the

reaction product obtained in nethod (1), (2) or

(3) [a6BFEOltfitn pdlymer u_(hcﬁﬂqﬁtﬂyﬂiérs,mccgﬂ(ﬂﬁnaﬁ) such as

el ectron donor and a 15titani um conpound.
propylene homopolymers, propylene/ethylene copolymers, propylene/1-
butene copolymers and propylene/ethylene/1-butene copolymers may
be advantageously produced in the present invention. The production
of olefin polymers obtained by multistage polymerization in which the
proportions of the monomer units serving as the polymer ingredients
differ in the respective stages is especially preferred. For example, it is
possible to form a multistage-polymerized olefin copolymer by feeding
one type of olefin to an olefin prepolymerization reactor S and an olefin
polymerization reactor 10A so as to form homopolymer particles, or
copolymerizing the first olefin with a small amount of another olefin to
form random copolymer particles, then feeding, in a subsequent stage,

two or more types of olefin to these polymer particles in an additional

olefin polymerization reactor such as an olefin prepolymerization
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(5) A nmethod in which a solid product obtained by
reduci ng an al koxytitani um conpound with an

or ganomagnesi um conpound such as a Grignard reagent in
t he presence of an organosilicon conpound having a
Si-0 bond is treated with an ester conpound, an ether
20conpound and titaniumtetrachloride. (6) A nethod
in which a solid product obtained by reducing a
titani um conpound with an organonmagnesi um conpound in
the presence of an organosilicon conpound or an

or ganAgidri £ o H0ORIMNHoRNtrBAti6a 1RActOP TRAINATHIS results in a
treated by adding, in orfder, a mxture of an ether
25congoomdresidentd tiari distritettioacinl tiei slefin fpollymeddhtivn sdactor
organi ¢ aci d halide conpound, and the treated solid is
subsHepemaking itecaspdowiahieve a fixeducampdsitonadtraio within the

compoynd and titaniymtetrachloride or, a g xture of an
et heﬁ’otilfm?ﬁd@ﬁ%‘:‘le%i t'gg’}SLﬂﬂpé'%Q%@hFWF@@Ya CéWEe’fgxépducmg

co met hod in which the product of the
g p

conta ysSis of a nmetal oxide, dihydrocarvyl

rragr[@e'samaﬁlr@eéﬂa' ogege cont agping al CB§| drS 5 include

cont act ed vvit an el ectron donor and a’ ani um
congeupglenetpropylchelctioyeng treatment with a ( 8p)ol}l&mers,

hal ogenati ng agent or w thout such treatnent.

met podpylenekpropy kneftndenerpropylpnesethyderzh as t he polymers,
magnesi um salt of an organic acid or an
al kd¥rgpYigneietiviencpremensiethylenet h an 1pelyseerson donoand

d_a titani ,_ejther follow t
o D R R RS bt e, i aernb. ()
9) ;ddie bl e t by, ai i d
(1) "14ERsy e (DEmBAT B e DANRRES, B RYIRp [T oL Rifges
i NE I ;
or “brepar  ng oat ooy e pebimtlizad Jiae (e RIAGE Of
(6) tmse, pthef grrodukctiothesf med fiwaise-pblypieprdatpjropylane based

generally all carried out in an inert gas atnosphere,
suckopelyfers oybicho arearppdymersodeing rpropylene-bpsedatmanmmmer

of (ﬁgittg,l ya?r'é ClRd ne%ggh'a-\im})g]c(et t}iacgl%xiollj:r}]']ene” (in Japan, also
customarily called “polypropylene block copolymers”), and have
crystalline propylene-based polymer segments and amorphous
propylene-based polymer segments, is preferred. A multistage
polymerized propylene-based copolymer can be prepared by the
continuous multistage polymerization, in any order, of crystalline
homopolypropylene segments or random copolymer segments obtained
by copolymerizing a small amount of an olefin other than propylene,
with amorphous rubber segments copolymerized from ethylene,
propylene and, as an optional ingredient, an olefin other than ethylene
and propylene, in the presence of the respective polymers. Such a

copolymer has an intrinsic viscosity, as measured in 1,2,3,4-
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conmpound, organosilicon conmpound and ester conpound

are preferably 20 used after dissolution or dilution

in a suitable solvent. Illustrative exanpl es of such

sol vents include aliphatic hydrocarbons such as

hexane, heptane, octane and decane; aromatic

hydr ocar bons such as toluene and xyl ene; alicyclic

hydr ocar bons such as cycl ohexane, nethyl cycl ohexane

and decal in; and ether conpounds such as di et hyl

25et her, dibutyl ether, diisoanyl ether and

tet rt@t}mymﬁaanhateg%@hzsm [RAich RRAEREAAD iRa faRh8 o Fom
conponent A, the tenperature of he reduci ng

reacl.l ol WHOCHL/gs e Than n@ﬂd@ta%aqgﬂyﬁieum@qrm oprpylehe-based
generally from-50 to +70C. Fromthe standpoi nt of

cat alopetyraer has excellnot bess tresistance, engiditytamdeimpact resistance,
preferably fro go to, +50C and nore preferably from

- 25 4d casstherefpee Be élpﬁrﬁl 4 agtametivh Ct’mﬂﬁmlﬁﬁ sppla ‘ag bumpers

s ﬁr‘iﬁ?)gs UAaing or RS b G tortable

m NyhESs %@l%r rs. Follow ng conpletion of the
reducrn ct su Sequent reactions may be carried

out [8057, Mtif@@rréﬂ it he ol fip BoBnézat’iCreakfR 74ld pBlyolétin
prepar ati on of cat al yst conponent A, the reducing "10

r eagroductioayproeessaof thed imventibn, tdérgadeacthe enofecalar weight
porous material such as an inorganic oxide or an

or g&#itd pmlyrrefr they alefin palymen 81@ cdefin pQlymen ceomponents

npr.e rnto the rous material. Such porous
QF‘? prnereﬁpsrs rrls&en S6P8 Bay bey Zhe different

mat
radils t t nd.a
aver age part |é%]%93| gggoﬁreg&dni‘g%%‘%oég‘g ad%\’ dfggtagegus for
R S ni dgs u

A 2D BRIg S pbaR e CRr R oL eigh
Exadmhelsutnfn porBots @einyple) Sthiendhttisid oligsdsitye nebthiaedd by
porous pol yners such as pol ystyrene and
st ymgasuremeint g deseribed abope fontbe polypnénycomponeng ob’ammﬁ in

por I ynmers, such a ol yethyl acrylate, methy
acr &eapg lygherizajion,gigp e“ii'éP Producs othgniiggesty m%l%ﬂﬁy weight

copBPS s Stoitent S B Pk aEireBesmBls bl Jrors 1Bgcsve
as r%tev@téfw B\ ot gtb%ggggﬁdou\g&g pﬁ'p?% gnécfg]ga%kyﬁg&?z to

and pol ypr opyl-ene.
dind STk em@dnsie NbRRNY eiRea fREE YIRS Sinfsethe intrinsic
pr ef er red 25[ 0073] The organoal um num conpound
corpieersity ofSibd Hohyhirecempmasdtobirined irathgi mdyeerisatiornd step
cattgé{st has at Ieast one al um num carbon bond on the
8¢ lewpstamplegulas\weeight petyneerecarapersutng Th
general for

as.
present mventmn can advantageously produce an olefin polymer in

which the amount of the polymer component obtained in the
polymerization step which produces the highest molecular weight
polymer component accounts for from 0.1 to 80 wt % of the olefin
polymer.

[0058] The olefin polymerization catalyst used in the invention may be
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R4", A1lY3, R5R6Al-0-All eR8 5In the above formulas, R4

to R8 are each hydrocarbon groups having from1 to 8
carbons, and Y is a hal ogen atom hydrogen or an

al koxy group. R4 to R8 may each be the sane or
different. Also, the letter mis a nunber such that 2
mS. 3. [0074] Illustrative exanples of the

or ganoal um num conpound 10conponent i ncl ude

trial kyl al um nuns such as triethyl al um num and
triisobutylal um num dial kyl al um num hydri des such as

di et yh@hH AdaHBNNYEéeizaRen dhtafabukyd Bl YRFAYWSlymerization.
hydri de; diallcylal um num hal i dés such as

di etlhiykmitive rstampiidso indedartiegler-syjeuylid| camalpst formed by
chloride; mxtures of a trialkylalumnumwith a 15

di aldoptastingi ansehidhghtaliest compenest eonthining ttapium, magnesium,
triet al um nym wi t h di et hyl al ym num chl orj de; and

al kyd a %cﬁ{é‘a’%’(’{le onRrt ZSﬂf%FF% u‘i‘?o%ﬁl%”a%?d catalyst

48

tetr tyl dj alb-ynoxane. O t hese organoal um num
corsRutietiet; A TR BF onnaalii el SRR SOHBongptang an
a trd I .-N ' ial oy hal.i:de,

an SR, (At nlhdrent S | Bl flpb R Bolid® calysts
tri girépdrad Wy Nippolting sohnétilledenel BoMpoand xdd!r£ cotatalyst
triethylal um num and di et hyl al um num chl ori de, or

t et castpopknti ah argrammar carrienr eCpndfisaticad. of] thésésdatalysts may

Exanpl es of the el ectron donor conponent used in the
pre qwedof a Ziegler solid catalyst include the

N e e SRR LG A —
h ’ . . _
oot e by SRALED s CBRAGEMA o chlfgyed i

am ges pBparafibl 80Ny PiedRetysd Gollid! 'cafystCONfIk NERposite

el ectron donors such as anmmbni a, am nes, nitriles and

| socytahat emayObet bbtsne] dnt roontatangr ac depomanicempound, a

inorganic acid esters and ethers are preferred.

5[ 0OREneRHst egmpoundcard amclectron dosser such astbe foldowing.

il ds of th

S| l[&(%?)] Cﬁ%ﬁgr?i %o?npounSS that may be used to prepare catalyst
component A are exemplified by titanium compounds having the
general formula Ti(ORl)a,X4.a (where R' is a hydrocarbon group of 1 to
20 carbons, X is a halogen atom, and the letter a is a number such that 0
< a < 4). Illustrative examples include tetrahalogenated titanium
compounds such as titanium tetrachloride; trihalogenated
alkoxytitanijum compounds such as ethoxytitanium trichloride and
butoxytitanium trichloride; dihalogenated dialkoxytitanium compounds
such as diethoxytitanium dichloride and dibutoxytitanium dichloride;
monohalogenated trialkoxytitanium compounds such as

triethoxytitanium chloride and tributoxytitanium chloride; and

tetraalkoxytitanium compounds such as tetraethoxytitanium and
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general fornula ROnSi (OR1)4, (where RO is a

hydr ocarbon group of 1 to 20 carbons or a hydrogen
atom Rl is a hydrocarbon group of 1 to 20 carbons,
and the letter nis such that 0O n < 4). Illustrative
exanpl es include tetrabutoxysil ane,

butyl tri met hoxysilane, tert-butyl-n- 10

propyl di met hoxysi | ane, dicycl opentyl di met hoxysi |l ane
and cycl ohexyl et hyl di met hoxysi | ane. [0077] Preferred
ethers i nclude diallcyl ethers, and di ether conpounds

15I na%he apove E‘H{ msgﬁgm%ﬁh ?%ncg;éﬁy b&sed 5n§%r or

i ndepepA®iMdtions of ither rﬂérehhé}%@bed al kyl, alicyclic
hydr ocar bon, aryl or aral kyl group of 1 to 20 carbons,

al t HoQal] Mhgnesiufl2ompypuhds thatymapdenuatdno prepare catalyst
Illustrative exanples include di butyl et her, dianyl
et hépmppnentgl am lsuemplified bydmﬁgnmmm@ righich have a

¢ hoBAeEOunT G o0 R ?@%@%ﬁ Ngnhy e tiondog! fave a
R15 p

copRatlathe bbbl A58 b e AR A EnPR R 5'5 SR Fucipe

of 3bflfy Zollﬁéggﬁg\? Fil(%}gﬁl’é@ d}*hlﬁ%?esg,ﬁ{l d8 which have a

nei ghbor’i ng t are se tertiary.
I peaduchig vabitixamiotedd ndlaliddmagaed ﬁmd Edi\nﬂisk)@uch as
groups such as isopropyl, sec- butyl tert-butyl and
t er dupethy Imagnesivan,| cydle@ylmgglesunm ashbytyllmpgmsyﬂamandmd
cycLohgﬂgl cycl oal kenyl groups such as
cy cPeetbdmagnesivem; mllyylngxgaaﬁgmsl@ﬁimea§uﬁlhéhputymgnemum
toI n thisgf R16.is a drocar on gro of

t o boﬁgcﬁ‘iﬂ%ﬁglpﬁﬁ?‘?%nexan%‘i’rggow Sani cRuctt

| nc oun h

et hbwfeptﬁ%{ Qé}t?s{iﬂﬁ, agﬁpen I;rdgogalﬁHﬁ (ljl%PEE% )gé{rwc'.)lbpsaS
SuchuthmhSRR flﬁﬂthdﬁtﬁi: byt¥e nhfresim Yéorﬁﬁ&mds having a
tert-anyl; cycloal kyl groups such as 10 cycl opentyl

an dredycingfml]ty maydlsmbi esgd i theufisnsof b casaplex compound
cycl I:ﬁentenyl and aryl groups such as phenyl and
tolw an|ozganqalumbwmasemporadnul a, R17 is a

B N ey
I'rr:a'llé h&ﬂg ablify e (f%sﬁh?lglto% 9&%&%&@ 8l UIRPHIHES S08H as

onor
150@3@{3@%& NG rt Syl di Xy ne
di cyc ent yl di rrlgtgﬁg?(y& Qgﬁie&%]ﬁ%m HERIdR Y kiR Cas
cyaheﬁnexyirﬁghwzdmrretdimy@e | aﬁfhox[yﬁﬁiéﬂbsmﬁl t hé¢hloride and
preparation of a Zi egl er solid catalyst, the
or duriesymagnesinne orifoude; dintbonemgriesiung ewmpounds such as

6‘&}@ per nmol.e of titanjumatons in catal yst
rFE Rymagnesiugen@pd| | gitutgmagnesmngpo and  magnesium

carboxylates such as magnesium laurate and magnesium stearate.

—

These magnesium compounds which lack a reducing ability may be
compounds which are synthesized, either in advance or at the time of
catalyst component A preparation, by a known method from a

magnesium compound having a reducing ability.
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20 noles, and preferably from5 to 800 noles. The

el ectron donor conponent is used in an anobunt, per
nol e of titanium atons in catal yst conponent A, of
generally from0.1 to 2,000 noles, preferably fromO0.3
to 1,000 noles, and nore preferably from0.5 to 800
nol es. [ 0080] Catal yst conponent A the

or ganoal um num conpound 25conponent and the el ectron
donor conponent may be brought into nutual contact
before being fed to the nmultistage pol ynerization

[ eaghg3] Bleciy &b%f@g@i ?La?nye l&h tfooprgja%e;qé:dnwg[;‘e onent

poI merizati on reacto contact'e

reacA giclud¥ beydErt otthiningBécirbl dehotsNeiRE a8 ANESHIRE tphenols,
may first be contacted wth each other, and the

r enmdietomeg, atdshgdes)t caabbsdipieotdsy dstepsigift ofgahic ©oninardanic
or the 5respective conponents may be brought into
nut @&idse sitherst acid amides andt gcidf anhydridles; pitregemmeontaining

008 Exappl es of netall ocene conpounds that nmay be
Bse&ﬂc&roar %Slﬂ%a%mar%mm%@@sﬁ iaagéé‘?%ﬂ ates; and

include.tr ds ;0f th L] Qw - .
T Sy T N
t r aggiddsilis Bk atic atid Estérs AR erw’frgmlt&;efe%?éd.sf' es the
atom c valence of the transition al M and L is a
| i gfPebytPreéhind tiaoidaaid raidi edtas fmdlaie élicbeasémpbends
occurrence of L is a Iigagd havisng a cycl gpent adi enyl
skehaviog. thedeposd ] fomnmala R 8(OROn, (wtheare Riis a hydrocarbon
preferablﬁ/ an_atom from %oups 3 to g,.,0f the Periodic
TabBEOu of hio 29 easbons or piyacogenssom, R is adydsocarbon group
preferably. titaniu ir i um or hafni um 083]
U1 gahdety 20, sorthsaig B, 50 iischpmis Dpbhg 4 < n < 4)
exe ot by, it cy Js gar, S,
(sugg%s:u{a&?g d) & mé/% g‘rf%ﬁgée GLERARAIGRY 9'AERS: as
tetramethoxysilane, tetracthoxysilane and tetrabutoxysilane;

alkyltrialkoxysilanes such as methyltrimethoxysilane,
ethyltrimethoxysilane, butyltrimethoxysilane, isobutyltrimethoxysilane,
t-butyltrimethoxysilane, —methyltriethoxysilane, ethyltriethoxysilane,
butyltriethoxysilane, isobutyltriethoxysilane and t-butyltriethoxysilane;
and  dialkyldialkoxysilanes such as dimethyldimethoxysilane,

diethyldimethoxsilane, dibutyldimethoxysilane,
diisobutyldimethoxysilane, di-t-butyldimethoxysilane,
butylmethyldimethoxysilane, butylethyldimethoxysilane, t-
butylmethyldimethoxysilane, dimethyldiethoxysilane,

diethyldiethoxysilane, dibutyldiethoxysilane, diisobutyldiethoxysilane,
di-t-butyldiethoxysilane, butylmethyldiethoxysilane,
butylethyldiethoxysilane and t-butylmethyldiethoxysilane.

[0065] Preferred organic acid esters include monofunctional and
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20 and (substituted) fluorenyl groups. Illustrative
exanpl es i nclude cycl opent adi enyl

nmet hyl cycl opent adi enyl , tert-butyl cycl opent adi enyl
di met hyl cycl opent adi enyl ,
tert-butyl-nethyl cycl opent adi enyl

nmet hyl i sopropyl cycl opent adi enyl

trinmet hyl cycl opent adi enyl ,
tetranet hyl cycl opent adi enyl ,
pentanethylcyclopentadlenyl i ndenyl ,

o ?W?}lﬁ%ﬁfﬁﬁw POHEH S TR pa——
6 ety i ﬁ:ﬁ/g ycia?b(%@lﬂ‘y Lb %%5%1‘8 g&d zrromatlc carboxylic acid

tert-bufyli tert-butylinde
4- t egtersdut Hlusitaewy lexabipley tiRefupe | m@ﬂﬁ&' acetate, ethyl acetate,
6-tert-butylindenyl, 7-tert-butylindényl, 2,3-

d| nmdhlyyln @a;plonat;e?dhyiepmpwmienﬁhyl butyrate, ethyl valerate,
-trimethylindenyl, 2-net 4-i sopr oFyI I ndenyl
4 511}%1% aeralage,, etbyhewc pteg Iae%tyhzm @ﬁy ate,4ethgl benzoate

shepy %%H@nw%z G BB TGB ghoh rgo
f' UQE E tsr nﬁ%z{two&gﬂ%{lj  malonate,  dibutyl ‘malonate,

I uorenyl” an €d versi ons
t _hedﬁﬁ)éﬂ’fg]: nia'lba@élstﬁﬁu Ghleh RS URtRYCitdcoRhty, Qilbﬁbgl Haconate,
|'i gands havi ng a cyclopentadlenyl skel et on
| i gdietisyl mphtiteiatelit dixhibutyl Kphtbalatn| hid. d1iGOBGSH] phthalate
Li gands L other than those having a cyclopentadie

n
sk ePedened exaroplesphiiuide dinsgtunated radighate oashoxytic gncuﬁ psters

hal ogen ato rLd hydr ocar bon ps (excl ud| Qups,
‘*%g‘ i 199 disrasid eviecs: gpdp habf ag»d&s&réren w@[mﬂs]acld

hav¥

Exa e tomin the het eroatom bearin

gr o%%ér 5 ?’ﬁ@%&&%‘&%& S UGPE* prﬁf egigen and )

ho r

I VRO0EL ABHFR, ol 00eR, AR SOl such s

t hi dlaﬂ'iyyll @theﬁr;l b1 eﬂﬁéi'}/ ld#igbetyD eehéRS diadhyll 8tienOdiisoamyl
groups, al kyl phosphi no groups, arylphosphlno groups,

ancetben nmth:d rtyhethph anethyh sspemyt ptHer @and redhiyisisblaty hether.
on th& ring at |east one atom sel ected from 20 anong

rregl g¥amples incledsedibii ephes apd shigeamy bether.
P BB el P Ao
“yqf"‘?%@ﬁl‘*ﬁﬁeny o W R A

L rR¥idee #lidyenrt |dérl£d)i3¢lﬁ%dad18 HdidBs ahd %‘01%’@11:185:'5?5’0}8@10 acid
i nked through a residue containing at |east one’type

of hahdas sel [Hotieati e oenanning tetlaten,acetylli chiloride] t propeomyl
oxy . . sul fur and phosphorus atons. Illustrative

rtdae ofbusgwh ebkirtfiges vale(royﬂdecldmglqs,en@rgkxympghbuiﬂq:

|.ene; sti tut

= Ay ig bl Bty heeNpAS AgBHD ChIordE. aisoy
I I

élr %ﬁgysrﬂféy sggcﬁﬂfl) ?}ﬂggw 1 {%&f&éﬁ o(ﬂ%é?gﬁ Cﬁ)‘?lla ()I‘ng itaconyl

chloride and phthaloyl chloride. Preferred examples include aromatic

carboxylic acid chlorides such as benzoyl chloride, toluoyl chloride and

phthaloyl chloride. Phthaloyl chloride is especially preferred.
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5 dinethyl silylene, diethylsilylene, diphenylsilylene,
tetranet hyl di silyl ene and di net hoxysilyl ene; and

het er oat ons such as nitrogen, oxygen, sulfur and
phosphorus. O these, nethylene, ethylene,

di met hyl net hyl ene (i sopropylidene), diphenyl nethyl ene,
di net hyl sil yl ene, diethylsilylene, diphenylsilylene
and 10cl i met hoxysilyl ene are especially preferred.
[0087] Illustrative exanples of netall ocene conpounds
i ncl ude bi s(cycl opent adi enyozi rconi undi chl ori de,

o1 < (CRBEL FGiePEC e s s) Fof PHBp e Shliat Component A
15t qhg@hggﬁ@ﬁngﬁﬂﬁgzl rconi um di chl ori de
en

et hyl enebi s(in zi rconi um

di cHllpRiedetirti m‘qhw ﬁm%uésemmcﬁﬁpduﬂm obY | cewfiep epmpaisd of

yl)zirconiumdichlori

di mex mdgsiesiyite comips(ind demdy hi zélectoon wlondi, cwithr & derecipitating
di met hyl si |l yl (tetranethyl cycl opent adi enyl )(3,5-di-tert
_butdgent - theh ctieating vitthiafitenism compoungder (wishag titanium

exa leSIHb"gH Lf’ﬁ%“gp ds 20in which the dichloride
has R 29 net hoxi de gr di phenoxi de
1 {RE Trsalll] 8lsoftd i ﬁ*ﬂ%ﬁﬁ%@{ Jib @rbpr%yw?ﬁ%w#%f 2

| NClsoE AkSAAAFh USBApSRY Lé'lkfﬁr noHg
compounds %ﬁ% boron conpounds 25 06)89] 1%I'S&T’)ustratlve um
exaepingeund ot ndthod i tindarh Wwanipoumdyandaineedtésn donor.

i ncl udet et ranet hyl di al um noxane, t etraet hyl di al um noxan
e, (3) Reacting a liquid magnesium compound with a liquid titanium
compound in the presence of an electron donor, and inducing the
precipitation of a solid titanium complex.
(4) Further treating the reaction product obtained in method (1), (2) or
(3) above with a titanium compound, or with an electron donor and a
titanium compound.
(5) A method in which a solid product obtained by reducing an
alkoxytitanium compound with an organomagnesium compound such as
a Grignard reagent in the presence of an organosilicon compound
having a Si-O bond is treated with an ester compound, an ether
compound and titanium tetrachloride.
(6) A method in which a solid product obtained by reducing a titanium
compound with an organomagnesium compound in the presence of an
organosilicon compound or an organosilicon compound and an ester
compound is treated by adding, in order, a mixture of an ether
compound and titanium tetrachloride, followed by an organic acid

halide compound, and the treated solid is subsequently treated with a
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tetrabutyl di al um noxane, tetrahexyl di al um noxane,

met hyl al um noxane, et hyl al um noxane, butyl al um noxane

and hexyl al um noxarte. [0090] Illustrative exanpl es of

or ganoal um num conpounds i ncl ude

trimethylalum numtriethylalum numtri-n-butylal um num
5triisobutylal um numand tri-n-hexyl al um num [0091]

Illustrative exanples of boron conpounds i ncl ude

tri s(pentafl uorophenyGborane, tri phenyl carbeni um

tetral ci s(pent af |l uor ophenyl )borate, tri (n-butyl)anmoniu

r[PLtet,r ﬁ{l}i{f#s Eﬁ%tﬁérlﬁw henyl ) bor at e 2nqu%1rec% . lilreof

b te, 0092]. Th 7 d

o Bhetersamtnin B AR Pichiide fiq i Eer Bt

pr em bhﬁét@dog{ Qtichs HRSHARJMRRE of thd!8bktabt dfﬁalgéﬁrﬁﬂ £9metal
I ch 1 nclude 2, A

of i norgani ¢ oxi des such as Si 203,
My Ooxde) 2lihydrearviP Odagricsiom 4nd a BaldgencohtiRingchlephol is
or clayey mnerals 15 such as snectite, i

nontontactedomithe anheletiwon t dondragrhia éitaniams spopouad, ghber

organi c pol yners such, as pal yet hyl.ene, pol ypropyl ene
and fellowinge dreatment paiicde FHRE agmgg? without _such

Met al | ocene-type solid catalysts that may be used
inc%ﬁﬂtén?fﬁose mentioned in, for exanple, Japanese

Pat ' [ id- . ;
o S8LATRBEH Ik 8. oS08 taniuto Yo 0B magpcsim
Japsfessg ﬁf;‘bﬁ%ﬁnié\ﬁﬁid eAtEnORIkbRYBrapR@iumiois Sorfifkt8@00Bh an
Japanese Patent Application Lald-open No. S 61-108610,
Japaleetren Ridrestt adppl titaaiurncdmpouml) esitho . foBo@ing 1880560t
Japanese Patent Application Laid-open No. S 61-296008,
Japwidsahaggenatingmgent ar withoubsushdratmest. S 63- 89505,

2 B B ating the pewpobnd Shlaited iy SPREESYS (1) to (8) above
with a halogen, a halogen compound or an aromatic hydrocarbon.
[0069] Of the above methods for preparing catalyst component A,
methods (1) to (6) are preferred. These methods of preparation are
generally all carried out in an inert gas atmosphere, such as nitrogen or
argon.

[0070] In the preparation of catalyst component A, the titanium
compound, organosilicon compound and ester compound are preferably
used after dissolution or dilution in a suitable solvent. Ilustrative
examples of such solvents include aliphatic hydrocarbons such as
hexane, heptane, octane and decane; aromatic hydrocarbons such as
toluene and xylene; alicyclic hydrocarbons such as cyclohexane,
methylcyclohexane and decalin; and ether compounds such as diethyl
ether, dibutyl ether, diisoamy! ether and tetrahydrofuran.

[0071] In the preparation of catalyst component A, the temperature of
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Transl ati on of PCT Application No. H 5-502906,
Japanese Patent Application Laid-open No. H 6-336502
and Japanese Patent Application Laid-open No. H
7-224106. [0094] When a netal | ocene-type solid
catalyst is used in olefin polynerization, a
cocat al yst conponent such as an organoal um num 5
conmpound or a boron conmpound nmay be used together if
necessary. In such cases, the netall ocene-type solid
catal yst and the cocatal yst conponent nmay be brought

i nt g, mut

) I i, Bt e o
e OIS, (AL LRS! A RTLASAnthf iy

May A8 QseUBBtteldpe Otg}éts ﬁ!@ fgre‘ﬁ.ora’b Frohf -30 kb Wt ¥in8' more

di vi ded porti ons. mean particle’

di apetferably frdvd @Fove +3ise€m mieyﬁﬁfpvﬁaé iadditical &imes tfor she
generally from5 to 150 pm In a gas phase

pol W@nmgmmumaammpound pathilec ubhrsubgemtstcppm@sqmtheﬂar
sca rlng of 15 partlcles tothe reactor exterior,

Battatiom, cist genggally %@paﬂb@m AQvmigutss rigs abowtah2 hours.

par? Ellroglf"gé ol é\tt'gr]; é’gstgf 1r§ gﬁ?gcﬁaSt ﬁéqspgﬁ%qtowacuons
cat gl uShe LobribADUPAES e?m?egbﬁﬁﬁfn 5o 1agsIde

addltlves such as a lon ald and an ‘anti static

add{¢07g. InTeset ﬁe;gaﬁmlbﬁ bhecRaly ¥ RbhRRineRN A2ltAé yl%fduefng
t he 20 present odi nent, conComtant use rmy al so

madecagtion miyabe chrrfsdsdugin a]mptesemﬁlobs pbiscdlsogﬂenﬁbsuch as
t he purpose_of regulating the nolecul ar weight of the

pol $Preinorgando ekideher gine Prganyo (pplymer $0i & te alkavy she mejid
b fi g A T Al Sy i
or opieE é@f’% Thoft b PP BHRE of 3 2 o200 pm pt
in &ﬂ“ﬁaa@pQWinllg and an average particle size of from 5 to 300 um.
Examples of porous inorganic oxides include Si0,, Al;03;, MgQ, TiO,,
ZrQ, and composite oxides thereof. Examples of porous polymers
include polystyrene-based porous polymers such as polystyrene and
styrene-divinylbenzene  copolymers;  polyacrylate-based  porous
polymers such as polyethyl acrylate, methyl acrylate-divinyl benzene
copolymers, polymethyl methacrylate and methyl methacrylate-
divinylbenzene copolymers; and polyolefin-based porous polymers such
as  polyethylene, ethylene-methyl acrylate copolymers and
polypropylene. Of these porous substances, Si0O,, Al,O; and styrene-
divinylbenzene copolymers are preferred.
[0073] The organcaluminum compound component used in the

preparation of a Ziegler solid catalyst has at least one aluminum-carbon
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descri bed polynerization. In this case, a single type
of olefin nmay be used alone, or two or nore different
ol efins may be used together. [0097] Methods for
produci ng the prepol ynerization catal yst include, but
are not limted to, slurry polynerization and gas
phase 5 polynerization. O these, slurry

pol ynmeri zation is preferred. The use of the latter in
production is sonetines econom cal |l y advant ageous.
Production may be carried out using a batch system a

sem_ batch-type systemor a continyoys system. [0098] .
The hradsonethin malecylel andjivane dupicaly e one of the Tolbwing
prepal r.l zati on 10 catalyst is generally from5 to

1, 0&?“% ﬁl“??"gaﬁas phase pol ynerization reactor in

particul ap# Apyiininmze scatter to the exterior of the
reactor, t mess nean particle diameter is preferably

at | east RORDAO-MIRTREe preferably at least 15 p.m

Moreover, it is desirable for the anount of

pr efinl thembiozatfoonutzat R ytetRhard racta hpdracarion ghicape thaving
of 15l ess than 20 pm and especially less than 10 p.m
to Bemdato Bomgbgnsyrad poliy adialogan atemy ivslrggen ppngn pdkoxy

i ntroduced.intQgthe reactor as a s nsion,in
hyEB0 bR B RS B 45oh e dhe AR08 R REERL | oAlsgy the letter m

ent £ aj t wi th r.gas or an inert gas such as
ni t rl%gﬁgﬂ%?%‘t“?oﬂ%gg%}ﬁl%g 20[0100] Pol yol efi n
Pr oglo@14]oMuBirG#S S examples Neot! » theh CofgaR6AimiMim  compound

produci ng a polyol efin using such a“systemis
descompedentFindide pohkelabimingas tsuchess atethalahimgiuan and
catal yst conponent having pol ynerization activity are

f or tregobuiylaheminuenj n pilé&ﬁf@lmmzrat i othydeides or sudby a as

kno t hod, using, an gl efin 25pqQ).yneri zati.on )
cat ﬁfe&lgﬁafwm sbpsavaw yandy onsltisebusHabuningm of byrride;
non [ s.ds fed via |lin L30,.intp,the olefin .

ol R gRnigfim cflds? shE ol tistl Rumu o chiPpige and
pre j ' e rizati .

P AR BMAIREP chieldif [ARER] oF B LPRARGRIHOR: Al o
pol yiatty Ziiodi A 0mP heliée!r ShchWii @hmieird ®f aféthyldasmiien with
within a range at which the olefin is capable of being
pr ediethylalumibuthe chladtley asnd geaadkylahswoxanss gersechl | yas
fromstandard pressure to 10 MPa" preferably fromO0. 2

to BUpdprhmotdce pRéf efcliabptyldaimoxance’ 5 VPG these

o R BB A PR BRI £ e
. . \ | .

258 BERSGRLAN. ), NG BHAIRR Rl O an

|
alkylalumoxane is preferred. The wuse of ftriethylaluminum,

triisobutylaluminum, a mixture of triethylaluminum and
diethylaluminum chioride, or tetraethyldialumoxane is more preferred.

[0075] Examples of the electron donor component used in the
preparation of a Ziegler solid catalyst include the following commonly
used electron donors: oxygen-containing electron donors such as

alcohols, phenols, ketones, aldehydes, carboxylic acids, the esters of
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10 The pol ynerization tenperature varies according to
the type of nononer, the nol ecul ar wei ght of the
product and other factors, although a tenperature
bel ow the nelting point of the olefin polyner, and
preferably at |east 10C | ower than the nelting point,
is desirable. Specifically, the tenperature is
preferably fromO to 120C, nore 15 preferably from 20
to 100C, and even nore preferably from40 to 100C It
is preferable to carry out polynerization in an

envi ronnent .which is.substantially.free of.poisture.

The OBPELE At inTaRG ASidh Sieey AP U idesang ejdrarPlidesand
acti i 0 - Dol [zat] sQ. -the .. .
or e lirbierCod RE BOb R s 2% Whlmaftad fmibf prites
di oxhg qsé’égwﬁaﬁsn OFahe! YBBibR HohBP chRffohbRR, MREAIE acid
may | ower "the pol ymerization activity. [0102] Next,

pol yelety il @heis £ peefBardng a particle diameter of
fromabout 0.5 nmto about 5.0 mm whi ch have been

obt §00EY] Rreferred wioygdnic acidrastars imxtlhdel sificen fcothprounds$ ef the
cylinder 12 thr og%rj a_f{eed |line_ (not 25shown)
congeegrabiargula RentOR T e (vheye Reris A hydrogagb@ngroug of 1 to

SR 4R S RS e
pol Xﬁ%robg,ﬁdcp heAelibh :1% su iippad L b 4 Pr fﬁl?sglcagiv\év' etxgﬁﬂﬂes

the parti’cles of "a catalyst “conponent “havi n

pol Enidez at itepaifbkysilate, S BafARIAGHSxydiHE3] \Bebutyl-n-

pol yolefin particles are fed i'nto the cylinder 12

whi peopyldieedhaorgysilang| ef i n dieyudopentglaliméthoxysitemenoz z|l eand
40, as shown in FIG 2, a spouted bed of polyolefin
par eYdplexylethyldimethosystiane. t he reaction zone 25. That

i s, ro,the action of the gas. fromthe, gas inlet
or | AT Rrg s ¢ exsemeblﬁgewgﬁ%ie&bpr&hm 2her ¢qrapounds
Cenb?ﬁw%{xﬁmﬁ&o%ﬁ cylinder 12 in the reaction zone 25

and'a’s fred in which particles flow upward
10 together with g4be gas. Meanwhile, an annul ar
structure of particles falling in the manner of a

novi ng bed under fhe influence of gravity is formed at
the periphery thereof, giving rise to the circulatory
noven®nt @t Bt TEIeE R TR 'the reaction zone 25.
[0104] Once a spo|ut ed bed has been fornmed within each
reaction zone

Rlz

In the above formula, R" to R* are each independently a linear or
branched alkyl, alicyclic hydrocarbon, aryl or aralkyl group of 1 to 20
carbons, although R or R'? may be a hydrogen atom. Illustrative
examples include dibutyl ether, diamyl ether, 2,2-diisobutyl-1,3-
dimethoxypropane and 2,2-dicyclopentyl-1,3-dimethoxypropane.

[0078] Of these electron donor components, an organosilicon
compound of the general formula RPRY™Si(OR'), is especially

preferred. Here, R is a hydrocarbon group of 3 to 20 carbons in
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15 25, the polyolefin particles containing a catal yst
conponent having a polynerization activity that were
formed in the prepolynerization reactor 5 are fed from
line L5 into the cylinder 12 at a constant rate per
unit tinme, thereby commenci ng steady-state operation
of the olefin polynerization reactor 10A. As the

pol yol ef m particles containing a 20 catal yst conponent
havi ng a pol ynerization activity grow within each
reaction zone 25, they successively fall through the

upper.  d coners 35a and iinto the reaction zone 25
bel dhichn eafcermﬁemqmﬁmghlw(sﬁ@ siliepn e JseRdary or

d 35h. . .. [0105], Mg il f. th
of oAb nofISUEHNE oS aeOs o irenlBAd sBuin' Ayt aroups
¢ ho “ne 88 Horr By BEq-bERE (B oyl e ey ey irgups
havispgh ads aRRIdpRhtAt ﬁh@t%"(ﬂ’ehex&ll cheali@tyl tg8ups such as
ol efi n-cont ai ning 'gas and the pol yol efin particles
undeyglopsniengl;gasd caopl awbupndutlneasaphemyl afid ttbbyl. In this
catal yst w thin the polyolefin particles causes the
ol efformyel Rreris zahydrpcahen e of gr br @8dcarbery| illupigative
St 2R R mebeHREH Wiih SSA ST FhhapEetyl
it | e it hat .fol | ow i .
condufioRs" Syl nii; brincRR PR BRARY U gy isomrom
| Qgd- B I t h &4
\égsgg‘t}gte{ t cii%gtl Ev ! ogihtayq%ll'rt‘g%ﬁ)gf e\%?l@ﬁﬂ(gﬁg o‘?}!tl elolnglbﬂe?szzll >

i's cagapestydhnd @yﬂbh%?rll eyddslkenylneroaps hechodyysictdentenyl;
properties of the powder and 10 gases bei ng handl ed,

t he andl pryhgroyps secpes pheizdlanddbldi t Ylsssnitbe abave formula,
i nfl yenced by the shape of ,the polynerization reactor.
Var Rouds Poh}ﬁ‘iqoﬁ?%?&vgr%’@eﬂf gr Bh88etrrpers, cand: if 9{%@@ ly a
the,m,ni num gas supesfici al. vel,ocity ns...One _exanpl e
o PR Bralh o6 A’ S it BlieRan S By of
(1 ))rélﬁosi(ijigaﬁp mpglﬁl(ﬁ. El’é# r}nﬁ%'& .fug%Msasucq’P eledtrbi®donor
partiTle diameter]; ps is the particle

components include tert-butyl-n-propyldimethoxysilane,
dicyclopentyldimethoxysilane and cyclohexylethyldimethoxysilane.
{0079] In the preparation of a Ziegler solid catalyst, the
organoaluminum compound component is used in an amount, per mole
of titanium atoms in catalyst component A, of generally from 1 to 1,000
moles, and preferably from 5 to 800 moles. The electron donor
component is used in an amount, per mole of titanium atoms in catalyst
component A, of generally from 0.1 to 2,000 moles, preferably from 0.3
to 1,000 moles, and more preferably from 0.5 to 800 moles.

[0080] Catalyst component A, the organoaluminum compound
component and the electron donor component may be brought into

mutual contact before being fed to the multistage polymerization
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density, PGis the gas density under the pressure and
tenperature conditions of the reaction zone, pArRis
the density of air under roomtenperature conditions,
and Ls is the height of the spouted bed. [0107] The
spouted bed height Ls within the reaction zone 25 is
equal 20 to or less than the maxi num spouted bed

hei ght LsnmAx at which a spouted bed is capabl e of
formng, and is not subject to any particul ar
limtation provided it is equal to or |less than the

T BADG  T nARe Ba IA L R
Doen B ARORTH) o) AR AYEREE Y v of
In ks fcehgﬂﬁgéﬂﬁih}a?s firdtebd &lomAtadd WRitlPGdach Ofhet,N8nd the

particl es, the m ninmum fl ui di zati on

vel oehtaning cbfifd®knfribséifenslyandowdlit info Wontite, or the
efficiency and enabling the 5formation of a nore

st abkepestivacothpondntsimay be prasfght ingbantdtoel cdrdactpo atpdurality
bed hej.ght Ls to be higher than the tubul ar baffle 30.
[OlG!ﬁ 1pidled powionss FI G 1, after obtaining a condensate

b [ I f th | efin t ai nj

- e DOREF BoAtelS o crefliss s s ehcray. oF fed to
ozt e idcRielod AOHEYLABORY hudl (hRRih meta
cyl icosifiouhds of tHeSfofodRhe gehidtal fIrfful4) mononer consuned
by the polynerization reaction to be replenished. In

addi tion,Ly¥en the liquid ol efin nonomer vapori zes
within the cylinder 12, heat renoval fromthe

pol yBItee fermpdat Mo astransitignsmepd s it aumbienyyhieh satisfies the

at %[cgmlhce\%lel%e of the transition metal M, and L is a ligand attached to
the transition metal. At least one occurrence of L is a ligand having a
cyclopentadienyl skeleton.
[0082] The transition metal M is preferably an atom from groups 3 to 6
of the Periodic Table of the Elements (IUPAC, 1989), and more
preferably titanium, zirconium or hafnium.
[0083] Ligands L having a cyclopentadienyl skeleton are exemplified
by (substituted)} cyclopentadienyl groups, (substituted) indenyl groups
and (substituted) fluorenyl groups. Illustrative examples include
cyclopentadienyl, methylcyclopentadienyl, tert-butylcyclopentadienyl,
dimethylcyclopentadienyl, tert-butyl-methylcyclopentadienyl, methyl-
isopropylcyclopentadienyl, trimethylcyclopentadienyl,
tetramethylcyclopentadienyl, pentamethylcyclopentadienyl, indenyl,
4,5,6,7-tetrahydroindenyl, 2-methylindenyl, 3-methylindenyl, 4-
methylindenyl, 5-methylindenyl, 6-methylindenyl, 7-methylindenyl, 2-
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15 vaporization. In the plurality of reaction zones 25
within the cylinder 12, on account of the heat of
reaction, the tenperature of a reaction zone 25 tends
to be higher the further up the reaction zone 25 is

| ocated within the cylinder 12, resulting in a
tenperature difference with | ower reaction zones 25.
Hence, to equalize the tenperature, liquid olefin 20
nmononer is fed froma nozzle 50 provided at an
internedi ate stage of the cylinder 12, thereby
enabling this tenperature difference to, be. h

m iy nepal 105 iy ade T eEpRBIRSRY by S-tert-
r r.. 10A rdin S i
o B inceRuhe oa Gt uPiERRL G R SERATERRIL | g B3

12 - h . L "y . D L
o SERERS AR Pa s, SER gy iyl 2 ety
par i gherdpgMRYEME, | Urebbizihdenifle eimeh9l-432bandnddigl, 4-
vapor-l?ladli}?d se%gr ator 66 ar%nvlri nked tgget her by é;@

| i ngheR@imienyhi Gmiethydi Sphasdindenylyp2anethyl-daptienylindenyl,
shown). Part of the reci/cl ed gas separated off by the

gas 2ringthyl+4seaphithylindessl,i Supeamyhs 2gadimethybjasenydy 2,7-di-
ti ) 0113] | t ab nbodi ts, | ef

D AT ORIy o PO CHOTPRDS. QiR alpORE s T agses

forned in.th tical direeti desgr.i.hed.i:

ondere "ohE” Ao BBraioE il Relhg0a B Ebbaicoy!

i Vekelidfh, H¥e gigﬁﬂdma%%-mﬁﬁagnytﬁk% cthglkeoi nt  of

achieving a sufficient”10 p l ow effect, the nunber

of ?g?ﬂ;ﬂ eighRds 1) 6ther @i fHlsy havingeasiyclopeatadianydl skeleton

pre l'y at |east six. Mreover, the plurality of

s poate c:xbegdi fiede by nbetermtemskaaring  geoupss rhadogen @tems and
vertical direction. For exanple, a plurality of .

r cadygrosariianngrpupsciexeluding grpupsshaving asﬁmlga%p%@an?-ype
fornmed at fhe.nterior may be arranged in a horizontal
di r@'E’(Olnoﬁﬁfeff@O@nd coupled in series. Also, in reactor
desi [ 0 bl ;

pr od BB 1R el BefiRtub0In e, Befrodtbur Bearing, group
and iigddd Bkyddie satfuy,ohibizpn RAA!pHRIsphéRk htomsOr Such groups
residence time so as to narrow the residence tine

di strd bxdmplified byhakpgy wobeds, mrylaky igrbeps, dhibalkoxyageoups,
t he anount of polyolefin produced at each stage

(i néhigaylexyt hegoups n 4l Oy MEFPURS: | oAT ARG,  &Youps,

e el HRtissehing eraues iy Fiie oyt ang BOTHRYS PR alighatic
t u RO e B0y MR e ing B lGaSEoft plotf sEEERAIrom

and a e eéx)?enl | g hResheROZHd Gshoafhémy Aenfui THLAYative

set accordinyg to the type of 25polyolefin particles to
be pxaplesdf the habgenpdtemsiinclubie fluorine; ehlorias, bforhine and
respective reaction zones 25 can be equalized by sone
ot htrdine atoms. The hydrocarbon groups are exemplified by alkyl,

aralkyl, aryl and alkenyl groups.
[0086] Two or more ligands L. may be directly linked to each other or
may be linked through a residue containing at least one type of atom

selected from among carbon, silicon, nitrogen, oxygen, sulfur and
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nmeans, it may not be necessary to provide |iquid feed
nozzles 50. Alternatively, a liquid feed nozzle 50 nay
be provided near the gas inlet orifice at each of the
tubul ar baffles 30. [0115] In addition, each of the
downconers 35a and 35b nentioned in 5 one of the above
enbodi nents has a top end that protrudes above a
tubul ar baffle 30. However, in cases where the

pol yolefin particles are inpeded fromfl ow ng between
t he outside surfaces of these downconers 35a and 35b
and the inside surface of .the cylinder, 12 or t,

i nsirlesppruacatemss (Plustrays sxapyres &f seh trFr“égSeS include

o AR s Rach # rolay Rty fEBang P TpRgieRs; fbshflied
! f .

oo RICHIENE BB bt de SRty et iEREEpyIone) and

AND Ui iy LB GHe Si1yHeh6 broiP sib@IRE SIBRRe Foapk 50 as
zon??}%Séh?o aﬂ%v\er lrggct :@gn l?gne 25 mayswge suél';[?g ly

pr odigethyisilyéaed) downcondiethyl&ilylddsy] Next, dipireafyksilytahe,
arrangenment of the polyole fin production system which

enpltetyamethiyldisilylens and i dimethoxysdylenor ard hetpsoafionts such as
prepol yneri zation reactor and enpl oys an_.ej,ector
sy's TEHOBRIL ¢ i iang rpi@ﬁéﬁ?rggﬂes@f i Bieges fnethylene,

or otibifh &y EMRIpsR b oot W AleBimegyiene.

ZOD‘HIiMBﬁé('lﬁSﬁé&n reaﬁﬁ&ﬁ{%%?ﬁgean ol ﬁfﬂlﬁnylis;]l?rlene and

pol ymeri Zat 'on feaction ving at 't he erior

bot @imethorpsilenkd @aersga@ihllsapremﬁeé. 25. [0117] The bul k

pol ynerization reactor 5 polynerizes an olefinin a
| i qUuOeBHhkstrative aexamplean ofl emitallooenarecomppinds include

catal yst, thereby faormng polyolefin particles. The

pol Pul@rclepqsiadicRyld@reamyed in the 25bul k dichloride,
pol ri zation react.or .5.pass through a line L5 .. .

togéﬁ%’!"ﬁwﬁ‘@ﬁlw GWIZ@F%m‘ng are fed to t he GFRpRLe,
Pol YRdEATIHAPInB@G! © 10C Adichloride, bis(4,5,6,7-

tetrahydroindenyl)zirconium dichloride, ethylenebis(indenyl)zirconium
dichloride,  dimethylsilylenebis(trimethylcyclopentadienyl)zirconium
dichloride, dimethylsilylenebis(indenyl)zirconium dichloride and
dimethylsilyl(tetramethylcyclopentadienyl)(3,5-di-tert-butyl-2-
phenoxy)titanium dichloride. Additional examples include compounds
in which the dichloride has been substituted with dimethoxide or
diphenoxide groups.

[0088] Cocatalyst components that may be used in the preparation of
metallocene-type  solid catalysts include organoaluminumoxy
compounds, organoaluminum compounds and boron compounds.

[0089] lllustrative examples of the organoaluminumoxy compounds

include tetramethyldialuminoxane, tetracthyldialuminoxane,
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nozzle 68 for feeding a slurry to the top reaction
zone 25 is provided, as shown in FIG 4, at a position
| oner than the powder |evel 85 of the spouted bed.
When the slurry is fed into the reaction zone 25 from
a position |l ower than the powder level 85, it is
preferable to regulate the 5 slurry feed rate so that
the superficial velocity, follow ng gasification, of
the liquid olefin within the slurry does not exceed
the m ninmum fluidization rate (Uff,f) of the

pol yolefin particles held within the reactiagn zone 25.
By rielgahy idinjumiroxang, tejrahexyldislvamingkang; Bejiyjalumingxane,
pos

sibl.e ta full revent. the flow state of the
spo§tisda HP}K%}?{BE@Z%HW@&%% IEMIEXA0E; cat i on

b1 0 016 gl 4, HSSRBATY ERodRs neuce
IS fqthetttyuthiR@si t 1 On di_@tr’@'lalhﬁﬁﬂuﬁl?e. POVEST-blig¥ALhmSum,

However, “the slurry feedi position is not limted to
suclridobasddluminuitahderahbeylaliieinoazzl e 68 may be
provided at a position higher than the powder |evel

85. [A0R Y Hbistrativhe axamplesge afhathorenen campounge  include

amount of slurry fed per unit tinme is nmade.rel atively,
hi gHis(pprtaflpgrepseayBbefEnene spout ed bed céﬂplEf'é“yﬁ‘é’ﬁSe‘Ymm

O SRR L SRR e bl
i h h i “ .
ozl iRpBaL AR ek e BT BhaL Oy RAIRGES oy

cyl idifikis(pentdfldodphbifl) b3fatand a conpressor 54. A gas
di scharge nozzle 61 is provided at the top of the

cyl [0082] T2 pRawdar chaterhtirat maygdre ubeduythe hEreparation of
cylinder 12 are discharged to the exterior via |ljne

Laomesglipcgag selid cataheds paprofembly aperehsseistagedl iHystative
e B ol i it BBl S MR RE R,

t he I et uc t ' Vf'l. fbl_i L3> :

r ec?é‘?@glﬁﬂg[ g(i)ééf] ég(s)’ gcrel? ¢ ﬁab(géggbov e’ "JtP%eS ol %l?? ‘%' minerals
pol Yy i< §hbetite! RRMEADrilloffte, URRP0r R, RBipRRIteand %ahSAéand
the transtferring neans. This transferring nmeans

I ncoygdai pobantischiech asopolpethlylene, [pdlypopglene eard/ atyrene-
pol yolefin particles fromthe upper reaction zone 25,
an @jvayldenzengeapplyeer.at a 5 front end of the

st »&E@Eﬁr&%&%@é@?&s&&% < edneige those
' . 32 i : ;

o el G bl rdBbler TRt Pl R i P -
L31g 66-9?@0@,8]&2)5&3%013&%{ eddiRalifs 1R 0pEh N6 £8050-38007,

line L31 on'the upstream si"de and the downstream side

of JapagesPAtht ApplidatonICaidspehI NS 60-33808 OFapanese Patent
preventing clogging to be fed into the particle o
r endppheptidmeaid3apan Mo He 6¢al)&6d 8¢ Jappariesn datang sApplication

Laid-open No. S 61-276805, Japanese Patent Application Laid-open No.
S 61-296008, Japanese Patent Application Laid-open No. S 63-89505,

Japanese Patent Application Laid-open No. H 3-234709, Japanese
Translation of PCT Application No. H 5-502906, Japanese Patent
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[0121] Part of the gas that has been pressurized by

the conpressor 64 is fed through line L37 to the

ej ector 32. This gas is used for ejector operation. In
addition, part of the gas pressurized by the

conpressor 1564 is fed through the lines L38 to the
particle renoving line L31 on the upstream and
downst ream si des of the on-off valve 80. This gas is
used to prevent clogging of the on-off valve 80 and

the ejector 32. [0122] The flow rate of the ejector
operating gas is not subject to any particul ar L

| i miApplictiondradiogpen Na. H 6-¥36543vadt)apinash Patend fypylicetion
of 2Q discharging the polyolefin particles. The

ano ld@egﬁo-&%é&:iﬂoér event clogging is preferably
abo rts by vol.une r 100,.part.s, by vol upe .of

¢ he 1had8 BPhesy o i RYOFeBinsc S0HE “SuBhaY s HomSEE, B slsfin
cl oggi -0 I el i

s B Reflgpd e f RoiE el quil & M B SinadRunlfom

| i N@SriptindQrtd SordRA Tonfitndray B @M td; sf fecesedry. In

the on-of f valve 80 during operation of the olefin
pol wieh i eaes,othe anetatiocé@Qypeegelidii @salystf antlethepencatalyst
cl osed state of the on-off valve 80. [01.231 The .
ol efcompssegirarayzke bronght srtoonute chatact ppae te heing fegpato
| evel gagges 93 and differential Rpressure gau e(? 90 th
f or U ABORIIRIIAOHENNEFARTs BF FHY B0 FRARAs 164 ninto the
posi tions.of. the L |leyels : T e :
P he PRlARER Ao RaBRE AR sofUELD, BRhin.the TSRS Rltefililely,
di f [P a S I i

e%p Vﬁ{é}r@@ﬁgﬁev nfaHig b@brefhdh! Bio thefhPCBHBRE Sn a

int to"be nore accurately

undehghbifdef digidudguetibng| oggi ng of the connection
lines for the differential pressure gauges 90, it is

pr e{@02| The o nwms r ynesmt  particleb| dinineterc orfs tthet lapowe  olefin

periodically, 10EXAMPLES [0124] ExanEI e 1 A
cyl PRbmeszdtion etalpeds separdlyr Tamd o4 59 jumhs it 8 gas phase

0L R L R RS P ARG or
t he pp @RIEERC el e Ao EteibP Ut iLHediAbRNoN & d Batalyst having a

mass mean particle diameter of preferably at least 10 pm, and more

preferably at least 15 um. The polymerization catalyst in the present
embodiment may include additives such as a fluidization aid and an
antistatic additive. Together with the polymerization catalyst of the
present embodiment, concomitant use may also be made of a chain
transfer agent such as hydrogen for the purpose of regulating the
molecular weight of the polymer.

{0096] The olefin polymerization catalyst may be a so-called
prepolymerization catalyst which first induces polymerization in a small
amount of olefin. Examples of olefins that may be used in

prepolymerization include the olefins that may be used in the above-
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15 polyneri zation reactor according to the present
invention. This unit had two tubul ar baffles of
inverted conical shape with a gas inlet orifice
therein, each of which was paired with a coni cal

defl ector, disposed vertically and cowially within
the cylinder. [0125] The cylindrical cold nodel
reactor had an inside dianeter dB of 20 500 mm and
the gas inlet orifice at the bottomend of each
tubul ar baffle had a dianeter dA of 100 nm

Accor di ng]ﬂi in the present exanple, the ratio dA/dB
bet vitssaribed pglyandrigationor in this capeyrrosiaelexpsff alelin may be

cylinder  inside dianeter,.dB was Q. 2. 0126 he

ang| e 1ongs PF R%P 06 FrasE (iRt PleTid avebes teigkethe

t he . 1 nyer ' - Sh

the SP7EBELROERY BReting KRRk Arsh B fretude.
t he Ut sj.de .sur f; tﬁmq;ef KHh h:
horitgiélinfs‘iff\‘?j \?/é?eilgggeﬁl gﬂcg.’ gI'he t ?ublfl&grﬁagafapl eggas phase
havipigy@erizaic!.t e0f teeé,shirrs papansrizationds preferred. deThe use
w th a downcomer having an i1nside diameter of 40 nmm

The afothiec itted e | protloetiorh asl sametimsisdecatiomniealdy agdvantggeous.
bott om end of 300 mm, and were hqgllqw at the int, riﬁr.

5 [ Prodyctionemaysbs parisduREIsing 8 ateh gystemyggsemibatch-type

roomteggerature air, ich was fed in at a rate of

7. 5 SygtepLer ﬁFﬂQHIHJ_"_u?ﬁES articles used were _
pol g@g?@lll[ﬁgenﬁgg tﬂl%ﬁ%a?ﬁ‘(‘flbngia?ﬁbt@f’ dotie ﬁ%&}%ﬂghﬁdzaﬁon

si z 0 p. m top reaction zone a

bot tiamiyRaGh i penctaile HiRhe saeh fliddoedumi t h 180 akggasf phase
pol ypr opyl ene particl es, and spouted beds were )
10f grobwdesizatidrerenesypdn tiavtécular ¢o inimimimescalipr tethd exferior
in gas at the above- indicated rate fromthe s inlet

or i fafdbe irerctore theomassmean wasticlp aliameter fopredprahly afisast 10

ot PSREBaL o R B obbata TR e or
b t1v fed | Laicef gt

coC TN 5T A e HARAP R PRTd ORI aicr o

the |&anR zéw,?gféggé&bﬂyﬁsé%ﬁﬁm al,968d 1668d was fed

infor alimte t he anmount of col ored particles

i n [0e99PaThe obametiativar geslysuinay de ditrodneed astotthe resdor
noni tored over tinme and, using this as the pseudo |

i mp@b sesuspension dn @deydracarbensabwent oa the liksi eftroduction by
response curve, was obtained. To, nonitor qt'hI;e anmount .of
col GRE@NMENt y¥ith mQnagmer; 75 opany #IGTk 8%, SY¢leay Alfrqgen is also
col gor system was neasured with a col or difference

net 8?35(1% or Conputer SM5, manufactured by Suga Test

Inswmgp%s m%ﬁuéti(gpgr&l& anount of col ored

par €1 eterm ne ased on a previously

prepar ed Mexiiidpenessol produtidgZdpolyblefin sdingsudine system
normal i zed transient response curve in 25Exanple 1,
andisal describeddat &ifstr pudyblefint vrrticlek senfagingnad acatalyst

t hree-t ank . L. o .
component having polymerization activity are formed in the olefin

prepolymerization reactor 5 by a known method using an olefin
polymerization catalyst.

[0101] Separately from the above, an olefin monomer gas is fed via line
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series in a continuous stirred tank series reactor
nodel . In this exanple, by formng two spouted beds,
a plug flow perfornmance conparable to that of a
continuous stirred three-tank series nodel (three
fluidized beds) was obtained. [0130] Although the

pol ypropyl ene particles (average particle size, 5
1,100 mm) used in this exanple are classified as B
particles in the Geldart classification of particle
fluidization properties and thus can be easily

For i Bt abt @' FOR < EBHah W RUAa MR (REAE M he

Ilg\%g%m%é iszragééd%ttﬁ!e } #?ﬁlélgzaggitﬂ Vg%gs&et arddthe ipterior of the
a

trgate the relatio en the stability o
S dér P2ds hafe®d The 802,@@@riiaﬁanzme@uwduhibb nidyapeany
of the tubular baffle. [0132] Exanple 2 A cylindrical
col ¢ressaed withare h oangeeatevinth thenokefiarie wapahde pé baing present in
chl oride and capable of forming_a single spouted bed
i nsithe reastor s iangay phass, s gsnemdly frem stgadard,pressure to 10

BB AR o B 0
97 MG PLAL s o feridARbA Tt bRy Sddaf, plessure, the
cyl Eﬁ%ﬁ(ﬁﬁﬂﬂgﬁ%ﬁ&? dRA8lse UNDn adothBr hAsd, det £ keH¥Ebapréddure

of 500 mMm he gas inlet orifice at the bottom end
of tabeavé UltuhPaBaéduipmeatl castdi foretherredétoofmap beoome high.
Accordingly, in the present exanple, the ratio dA/ dB

bet Videen polgmgrigation demperdtirse viiresenesordingarig thee type of

cylinder inside dianmeter dB wa . 2. 25[0134] The
angimoname, chen malemilaye tvaiehf of ethen gr c%Lﬁ‘FJa@éhle fagters,

t uby h@{) @% %I t!,gﬁlp%ﬁ%hpegbglr(}“} ﬁl\éeﬁlteﬁglgcsgfn‘f A RO WS Bglymer,

the®
and preferably at least 10°C lower than the melting point, is desirable.

Specifically, the temperature is preferably from 0 to 120°C, more
preferably from 20 to 100°C, and even more preferably from 40 to
100°C. 1t is preferable to carry out polymerization in an environment
which is substantially free of moisture. The presence of moisture may
lower the polymerization activity of the polymerization catalyst. Also,
the presence of excess oxygen, carbon monoxide or carbon dioxide
within the polymerization reaction system may lower the
polymerization activity.

[0102] Next, polyolefin particles having a particle diameter of from
about 0.5 mm to about 5.0 mm which have been obtained separately by
a known method are fed to the cylinder 12 through a feed line (not
shown) connected to line L5. The polyolefin particles fed into the

cylinder 12 are most often particles which do not contain a catalyst
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the angle of inclination between the outside surface
of the deflector and the horizontal were each 65. The
coni cal deflector had an inside diameter at the bottom
end of 300 mm and was hollow at the interior. [0135]
The interior of the reactor was filled with 40 kg of 5
pol ypropyl ene particles having an average particle .
size of 1,100 um A gas was fed in fromthe gas inlet
orifice, and the flow state of the polypropyl ene
particles was observed. The gas introduced into the

unit was roomtenperatuyre air, which was, fed,in at a
¢ at cCURPOIERt haviRk i RalyEeriARsion SeiviRgG althqieh) fhe grésence
or di 0 ede1 | a d j ' :
Che Db EROBRERIACH! by AASHALGIRTR IREANES bOvifiion
cyl ig}glﬁ,q%,vf@gc ﬁfﬁ%blé_ spout of upwardly flow ng gas and

y

particles sta formed, and particles dropped down in

a moj0i108] Whers tralyolefin tgueti¢les iaph ded inteteoicylifdd7]2 while
Exanpl e 3 15Asi de fromsetting the di aneter dA of the
gas fendiag ar olefinananomeregaofromnthempzale 4hastshbwinain FIG 2,

baffle to 75 mm.i nstead of 100 . ai vas fed to.the
par t4 shqutesb hed of palyolefip p@ﬁvle&slg}}nﬂ"@i% thepractio zone

flowstate af th I .0 ne pakticl.es was .
obsgieﬁhqtr}s’t'l’ﬁ fﬁﬁ%ﬁgﬁr‘%‘%k e gg? ?I(?IHH S, G lerifigs, dhe
200y i onBndrlfont g Mo P Lerk B RRA h\Btinder 12,in the
2, aRaétidh Aarie/25RBdLshdvess formwdsinakRichasarabiee Tied upward
the present exanple. [0138] Exanple 4 Aside from

set ttoggththevith ahetgas. dMeahwhile, gasarimilat stoudtirec of gtarticles

the =~ bottomend of the tubular baffle to 125 mm,
i nstfelingoin theonamner fifra Meyinpshadiundertthe ipduencel of grayity 1s

D ST AP AR5 B0 B2 L BhP SoBhen

exarH}Jp%méllgg within the reaction zone 25.
[0104] Once a spouted bed has been formed within each reaction zone
25, the polyolefin particles containing a catalyst component having a
polymerization activity that were formed in the prepolymerization
reactor 5 are fed from line L5 into the cylinder 12 at a constant rate per
unit time, thereby commencing steady-state operation of the olefin
polymerization reactor 10A. As the polyolefin particles containing a
catalyst component having a polymerization activity grow within each
reaction zone 25, they successively fall through the upper downcomers
35a and into the reaction zone 25 below, and are eventually discharged
from the bottom downcomer 35b.
[0105] Meanwhile, part of the olefin monomer-containing gas forms a
spout and sweeps past the particle bed, while the remainder of the gas

diffuses into the portion of the particle bed having an annular structure.
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rati o dA/dB between the dianmeter dA of the gas inlet
orifice and the cylinder inside dianeter dB was 0. 25.
As in Exanple 2, an ordinary spouted bed flow state
was observed in the present exanple. [0139] Exanple 5
5Aside fromfeeding 7.1 nB/mn of air to a particle
bed conposed of pol ypropyl ene particles having an
average size of 900 uminstead of feeding 7.5 nB/nmn
of air to a particle bed conposed of polypropyl ene
particles having an average size of 1,100 um air was

S R b T Sl

0 : | o

3}3; bhddrER, SR SRS Sl Ab Ak SpIAER e LAY ifhin the
. Ul it q , L

an H%ﬁ@leg?ﬂ %Eg'gl;:lgbnéh@s%s kiTed18fin d BolahezationAgeadtion to

Exa I nary spouted bed fl'ow state was

obs gracedd,irasilting i geendh ethepbbyoléfin padtickesanpl e 6
15Aside fromsetting the dianeter dA of the gas inlet .
or i {0106] Fortastablet spomteshbedto foren inashreastipn|zong @574t 1

mminstead of 100 nm air was.fed ta .the parti.cle.be

' predersblrothat gt Solloming apAraing SARAIFAE e ISGEd; koo fhat
xRS T E B EEp gmom
BB SpbRIEIVLAEP IR, 4Rl laca 1nd e capabie of

spoginpedid l/aditidrats thesplplisal gdpérﬂieh hef tireepender and
exanpl e. [ 0141] Exanple 7 ide fromsetting the
di agmdestbeitf hindled, thasmininem gas fupeeficial velockptUmmisalso
of the tubular baffle to 125 nm instead of 100 nm_.air
wasirdBieaded dby Hibiepshanec|of el POlYIEEZalOR (RaGI0ks | YArious

Exanple.,5 and the flow state.of the.polypsap
par f9ramlas eotheghy BEPPYSHd ¢ 915 CMPQ e)ﬁl’j?lﬂgum £as
superficial velocity Ums. One example is formula (1) below.
173 0.2
Umszi&[d—“] JZgLs(Ps“PG)X(PG ] - (1)
dy\dy Pe P am
In this formula, dp is the particle diameter, pg is the particle

density, pg is the gas density under the pressure and temperature
conditions of the reaction zone, par is the density of air under room
temperature conditions, and Lg is the height of the spouted bed.

[0107] The spouted bed height Lg within the reaction zone 25 is equal
to or less than the maximum spouted bed height Lsyax at which a
spouted bed is capable of forming, and is not subject to any particular
limitation provided it is equal to or less than the maximum spouted bed
height Lsyax. Various formulas for calculating the maximum spouted
bed height Lsyax have been proposed, one of which is formula (2)

below.
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rati o dA/dB between the dianmeter dA of the gas inlet
orifice and the cylinder inside dianeter dB was 0. 25.

As in Exanple 2, an ordinary spouted bed flow state

was observed in the present exanple. [0142] Exanple 8
5Aside fromsetting the dianeter dA of the gas inlet
orifice at the bottomend of the tubular baffle to 50
nm Stead of 100 nm air was fed to the particle bed in
the same way as in Exanple 2 and the flow state of the
pol ypropyl ene particles was observed. In this exanple,
the ratio dA/ dB befween the dianeter dA of the gas

inlet oriflsgg ant f 10.00§{d;ndeg )dangi de di anet )dB
was 0.10. ~The Foj gt "ot —a_spput ed Hed, althou
unstabl e, Wwds corffirmed in the'e ¥xanple. That is, the
spout nov erl,, :f L. ng: i g

than the Bouie OEFNECD; i Bl elical, 0oy, of 3 Pielfles, and
resy] t fAhk iditam Aideation velwityei ght of the particle
bed peripheral to the spout. In addition, the spout

f or 0 h@B)pPint i the dtandisoinb T veliinteo efficiogey iande guablingy the
over time [0143] Exanple 9 _Aside from setting

t he farmaattarcef amore stabkle gpouied  hed, #risfpreferahle tfpe thepsRauted

T g L R, 50
Ex 5 . .

par puRIAS 3o dBdn FiEn1, FReThRbRi o s AR T Y BiRing
dA dBrebyesn é)tfhﬂled io?é&?—@éntﬁﬁitjlgé éa@eregﬁévédﬂﬁimgﬂief lofefin

and the cyli1nder 1nsi di anme dB was 0.10. The

for ?alyrﬂéﬁzaftioﬂ feaor,cthebeshdeabitb angh benfedaddl the wwlinder 12
confirmed in this exanple. That is, the spout noved
of f fivemtaenozAle 50 lngated at poditeimediatehsage ipdirthe ylinder 12.

center axis of the 25cylinder, which jn tLé;n resul ted.
' d i enablesrihpnolefia FamREToORESsh Y Hic Rolmerization

I ph | . to th t., | ddj t.ion, th .
For RERGoBoLS orf ePRAL i or oL Ahuist: PO g, glefin
sy Lo AR S5 1815032, Ny AR 608 e

pr opeEIGR rpRtceyt id nldoxmbide I8ving 1@ tie Udtent heat of
i nvention included a step (Polynerization Step Il) in
whi ghporization. In the plurality of reaction zones 25 within the cylinder

12, on account of the heat of reaction, the temperature of a reaction zone
25 tends to be higher the further up the reaction zone 25 is located
within the cylinder 12, resulting in a temperature difference with lower
reaction zones 25. Hence, to equalize the temperature, liquid olefin
monomer is fed from a nozzle 50 provided at an intermediate stage of
the cylinder 12, thereby enabling this temperature difference to be held
to a minimum.

[0110] With the olefin polymerization reactor 10A according to the
present embodiment, multiple spouted beds are formed within the

cylinder 12, enabling the particle residence time distribution to be
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5 propyl ene honopol yneri zati on was carried out using a
spout ed bed reactor. The polyolefin production process
carried out in Conparative Exanples 1 to 3 included a
step (Polynerization Step Il) in which propyl ene
honopol yneri zati on was carried out using a fluidized
bed reactor instead of a spouted bed reactor. The

pol yol ef i n production 10 process carried out in
Exanpl e 13 of the invention included a step
(Polymerization Step Il1l) in which propyl ene-ethyl ene

CorSiaBVE L ERtheSe " OB PPRAEE
R T R

(1) dufickirABini fofnfisRs i Mbrdddet,twherfiberoduction coliditisns are to
di fferent sanpl es 'were prepared by dissolving the

pol yeechamgel, 2b&atdséd gialpdlyfino papicddsalpehenartdede prioroto the
predeterm ned concentrations. The pol yner

concdangain eprdifens pan be spaity dischargad ifeam the eylieder Iz, the
0.1 g/dl, Q2.g/dl.and 0.5.,g/d]. Th d
Vi s it ad 0§>‘rgpefeﬁ%rﬂ@§é>rggﬁiﬁ that qreves anadesilt ganybe gut to a
t : 135 i | i
T e T N R
pag %clét@élxid% oK%PBﬁtQ'H bﬁeﬁﬁlﬂes,[ Rl freBhoa2Q! Adhk@Rah  beMhrened,

is volune 711 of Kei bunshi Ji kkengaku [ Experi nent al

pol yneblisg h digelolukieTictnoy it bu athigpedin) , the reduced
viscosity was plotted versus the 25concentration, and
t he [Dhtk]i Bbe present sienyionss miétlimnitéch ol they above embodiment.

extrapol ati ng the concentration tg zero., [0146] (iJ)
Et hyi08neXample, eantlme{ft&wra&:em}wﬁ@em, do“‘flﬁ@m@f%ﬁgénéfe

it L ent det ] d t he | t t ,
' seiiphes 7 noHR rcBepaliinic sl atent RaiupY Ra an
;i hi .
g gn 3@ g‘gfﬁﬁ ( ?ngé 5%%@%}12 o%%ﬂl}ﬁ :ﬂg gp g ot e:{nt@aﬁk%q%és/ e ﬁ%t(l-:\?ne i zr(];:ne.
"et HdwaRn UM tis fRERIS nSteddr Bt Wealpolyilefin Wpartitles to be
originate fromethylene. [0147] (iii) Polynerization

Act itrantfeeredi by Ras giector vsysioh.y nthe zaefin rpdbympsiz§tion treactor
gi g9). _The &%I ynerization activities were cal cul ated by

di vil@Bnef theepolpolgEingirodyefjomsysiemylddB o de dlon 3dusan

A b Wb b S,
is possible to use a transferring means called a double damper or a
double bubble system which uses two, spaced apart, on-off valves
provided on a circulation line to carry out powder transfer.
[0112] The transferring means of the olefin polymerization reactor 10B
has a particle removing line 131 which removes polyolefin particles
from an upstream side reaction zone 25, an ejector 32 provided at a
front end of the particle removing line 131, and a particle feeding line
L33 which feeds polyolefin particles from the ejector 32 to a

downstream side reaction zone 25. In addition, an on-off valve is
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[0148] (iv) Copol yner Conmponent Content FE? (units: w
The copol yner conponent content FE?
(units: w % was 15cal cul ated using the follow ng
formula. FE? = WEp/W X 100 In the fornula, W stands
for the total anount of pol yner produced (honopol yner
conponent and copol yner conponent conbi ned) per unit
time, and WEp is the anount of copol yner conponent
produced per 20unit time in Polynerization Step (I11).
[0149] (v) Intrinsic Viscosity of Polyner Produced in

R BB A i 1
" Oeeor 2210 PRNEAO3HREPYER ied W b o

Pr odieed3é %npﬂh%mﬁ'(ﬁ%dseﬂ asécﬁﬁ feséor, (n@ﬂ Qhé\hﬁ) Part of the

intrinsic viscosi ty e COpO yner comnponent

pr ogeerded ?ad:kﬁpméd éﬁ’tbyolﬁhe g‘éﬁ-émuﬁd sdparater 66 ésafed dsegas dor
using the followng fornmulas. [film= [rdi [11k2 =

([ 1B @¥onopenition/aP2) ) X (WPl WP2) / WP2 [II|Er ([113-

[flIﬁ]X 1/100 - [1111'2 X VVlOO?fX q
[0113] In the above embodiments, an olefin polymerization reactor in

which five spouted beds are formed in the vertical direction has been
described. However, the number of spouted beds is not limited to five,
and may even be one. From the standpoint of achieving a sufficient
plug flow effect, the number of spouted beds is preferably at least three,
and more preferably at least six. Moreover, the plurality of spouted
beds need not necessarily be formed in the vertical direction. For
example, a plurality of reactors within each of which a single spouted
bed is formed at the interior may be arranged in a horizontal direction
and coupled in series.  Also, in reactor design and the operation control
method, it is preferable to design the volume of each reactor stage and
control the polyolefin particle hold-up or residence time so as to narrow
the residence time distribution of the polyolefin particles and to make
the amount of polyolefin produced at each stage (including the olefin
prepolymerization reactor 5) more uniform.

[0114] Moreover, in the above embodiments, a case in which a liquid
feed nozzle 50 is disposed near the gas inlet orifice of the second
tubular baffle 30 from the top. However, the positions and number of
liquid feed nozzles 50 may be suitably set according to the type of
polyolefin particles to be produced. For example, if the temperatures

of the respective reaction zones 25 can be equalized by some other
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5Where M: intrinsic viscosity (dl/g) of polynmer from
Pol ynmeri zation Step (1) [112: intrinsic viscosity
(dl/g) of polyner follow ng Polynerization Step (H)
[113: intrinsic viscosity (dug) of polynmer follow ng
Pol ynmeri zation 10Step (I111) WPl: Amount of polyner
produced in Polynerization Step (1) (kg/h) W2: Anount
of pol ynmer produced in Polynerization Step (11) (kg/h)
[0150] (vi) Ethylene Unit Content of Polymer Conponent
Produced in Respective Polynerization Steps (units: wt

(he pebinet Hohiondit bRaRuel mor Hole, e ho i 50
HI : ) t ,
(RO el B BEib el A B0 g Bl R gl

cont LES of We tYHulk bhitRes@@. yer 20f ol | owi ng
Pol y‘?r{e}??eg%{ﬁagﬁoﬁ eep ll£|| ). [01551] (vii) Fisheye Count

(uni[o11spunbdditidngce@h of the dobmscomodryBsa anels3 techentioaed in
T-die filmform ng machi ne (manufactured by Tanabe

Pl asiriecef Kick aboveT enibediments, hasoo tepiendgtiinh prefrudesrabpve a
5 pbalan batsT ym HAWEK el o SeSeAhcrs 10f BEDBIGEY Barigles are
t he TpinRdEh grom ” Toingr Sebieln oltB) gk, MBfPefCgy BRse
Sel kcﬁwﬁ?%%%&%ﬁ%@%*?%? %60 li.%tiii@ QurfA&08f 4R byli¥R¥t12 or

a Hansa ronme T ype Plate (produced under
t hi shbria4de RaMBcddYofOHeyRibaaBiffles'90] thel ddmedaers! 3ednd

over the sheet with the mrror-finished side of the

pl at¥3sH mai/ g domstrattedtso BSeidtitogrotreds ehovethe inside surfaces
of the respective tubular baffles 30. In such a case, a mechanism (e.g.,
an on-off valve) for regulating the amount of particles which drop from
an upper reaction zone 25 to a lower reaction zone 25 may be suitably
provided on each downcomer.
[0116] Next, a preferred arrangement of the polyolefin production
system which employs a bulk polymerization reactor as the olefin
prepolymerization reactor and employs an ejector system as the
transferring means is described in detail while referring to FIG. 4. The
polyolefin production system 100C shown in FIG 4 includes a bulk
polymerization reactor 5 and an olefin polymerization reaction 10C
having at the interior both top and bottom reaction zones 25.
[0117] The bulk polymerization reactor 5 polymerizes an olefin in a
liquid phase containing an olefin polymerization catalyst, thereby
forming polyolefin particles. The polyolefin particles formed in the
bulk polymerization reactor 5 pass through a line L5 together with

liquid olefin, and are fed to the olefin polymerization reactor 10C. A
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5 resolution to 900 dpi and the tonal gradations for
each pixel to 8 bits, an imge of the sheet was
entered into the conputer as a bl ack-and-white i mage
and saved in a bitmapped format. This image was
digitized using i mage anal ysis software (produced by
Asahi Kasei Engi neering Corporation under the brand
nanme "A-zo lcun"(r)). Fisheyes were 10 recogni zed as
areas that are brighter than their surroundi ngs.
Because the fisheyes were of indefinite shape, the
ter

size of each fjsheye yas equated to the di of
ci r@PéZléfGStE%fjg £ & ${YI5E o thetop rgﬁrgl%@q?fﬁlgrprg ided, as

fisheyes .hawi a_di .

det SRR TG 1 ik PEBE Pt Hpb ThE polREF 14 85 of the
fis 1 thel @a&Zdn FX@TRb drdifl a
Pr egg%ﬁ?/érrgﬁjl%?ét ﬁi’ﬁ@n WSI%{gﬁetag?ﬁ}st ai nl ess st eel

aut ?@)bi@éﬂ BGier pRAdthe dwderslevelr 85, inds prdfemabledtonieghlate the
L of thoroughly dehydrated and deaerated n-hexane, 20
37. Slumpfeedfratersocthhi/the| superfisialavedodtyy Sollewinggasification, of

cycl ohexyl et hyl di met hoxysi |l ane. To this was ,added .15
of #hediquid c‘alpﬁny@ﬂﬂ’élbn%\énélﬁﬂ}’ o RGtngxeRstc ey gn

abotigeaiomine Lo BB efin Rt BRI PR preton
e gt 98! s Rbuhind Qfgglp{;ﬁ%germe inRh{sWvAY) iCidtpossible to

25pfepolryneri’zati on. nerization slurry was
themyfiy ?Pe%feﬁ{ HROfAb® Aateldithe speateddfraMObdcolring unstable
autoclave nade of SUS 316L stainless steel and 100 L
of ithpakificitmeofwhs ligditbolefintinsidbyhgieaciion aone 25.

prepol ynmeri zati on catal yst conponent slurry. The sqlid
cat #0 ] hlomlrﬂammggl@éﬂ%/ wagt dereribedp she gluly tlﬁef%Qa m a

Jap BRBSEJarEh R R e eb S B0y ver The shufly Reding
2004-.1.82981. ' [0153 i z:ad |
ombgarg iy rosdined i ehCF B fohey rok SRampl AP HLZE o8

rea ided20 R &iForl AIFHRP AR tHeZ pbivasr W8l 85. This
car ﬁagg%%g{mﬁgfﬁéﬁa ﬁst :ﬁ??er- equi pped 4g£-)l iter

Bes gl tieyatvastdge thatp overmwhes aié amourest urrpeed pef urdi time
SUS 304 stainless steel. The polynerization reaction
was i aradealasivelynhighe the fllovn sites of the speutgd hed psanchre kept
hydr.ogen, trijethyl al um num . . _

cy c Fome Rgvammg wistahle withsthe gasification gk the liquid olefin.

P eabtUNTAn Epudin Bl b RCRERE nOHE 180 pRRU G the

bottom of the cylinder 12 feeds a gaseous olefin monomer to the bottom

of the cylinder 12 via a line 30 and a compressor 54. A gas discharge
nozzle 61 is provided at the top of the cylinder 12. Gases that have
risen through the cylinder 12 are discharged to the exterior via line 140,
and gas-entrained particles are discharged by a cyclone 62 that is
optionally provided. The gases pass through a compressor 64 and a
heat exchanger 65, then are introduced to line L30 via line L.35 and

recycled.
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15Pol yneri zation tenperature: 70C Stirring speed: 150
rpmLiquid level in reactor: 18 L Propylene feed rate:
25 kg/ h Hydrogen feed rate: 215 NL/h

20Tri ethyl al um num feed rate: 45.3 mol/h

Cycl ohexyl et hyl di et hoxysi |l ane feed rate: 6.6 muol/h
Prepol yneri zati on catal yst conponent slurry feed rate
(pol yneri zation catal yst conponent basis): 0.557 g/h
Pol yneri zation pressure: 4.1 |VIPa (gauge pressure)
25[0154] In this reactor, the slurry had a nean

id [ f 0. h , d I I
DR A SR i 1 BB SE SHr 106
POl IEGEERS KSR Yot FabitBh2 AL B means
nad b4 SRl SRSk e01S, i removes pBREREn

by paneibe fronedhé @ppéiOfeacan ZoRa XS, Ral ¢je&tor 32t provided at a
A spouted bed reactor having two reaction zones in the

ver tfraralendi ofethiei panti¢le, rédving Hne ddaentlys partisledfeeding line
di aneter, 500 nmm was furni shed for use. The tub lzéljt
baf fi3dswhirh teefls polynlefimpraiclesifrosr theugedon 33:19i the pdtom

2 Siofion 5 AR b
oLt FOROVERCRE 1S HiRed 38 ! dooBUENAE Hhe (M SEmVing

buf f size Ar's reac
conygptesh foﬁrthk%sl.gas'ﬁ%éﬁ §ifeng the Wdlirstdahe side &FCthey on-off
Wth stirrer. That is, the stirrer and gas di spersion

pl atvelve 8D] enablingoki ginfdr peaehting veloggingkienbeutd dnth the

in their place, conbinations of a tubular baffle and a
particle removing line L31 via the gas feeding lines L38.
[0121] Part of the gas that has been pressurized by the compressor 64 is
fed through line L37 to the ejector 32. This gas is used for gjector
operation. In addition, part of the gas pressurized by the compressor
64 is fed through the lines L38 to the particle removing line L31 on the
upstream and downstream sides of the on-off valve 80. This gas is
used to prevent clogging of the on-off valve 80 and the ejector 32.
[0122] The flow rate of the ejector operating gas is not subject to any
particular limitation, provided it is an amount which is capable of
discharging the polyolefin particles. The amount of gas used to
prevent clogging is preferably about 10 parts by volume per 100 parts
by volume of the gas for operating the ejector. To reliably prevent
clogging of the on-off valve 80 and the ejector 32, it is preferable for the
gas to be fed constantly through lines L38 to the upstream and

downstream sides of the on-off valve 80 during operation of the olefin

polymerization reactor 10C, regardless of the open or closed state of the
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15 deflector were installed coaxially at each of two
stages in the vertical direction. The tubular baffles
and defl ectors used here had the same shape and size

as those used in Exanple 3. [0156] A slurry containing
pol ypropyl ene particles and |iquid propylene was fed
intermttently in a plurality of divided portions from
the slurry 20 polynerization reactor in the preceding
step to the top reaction zone in the spouted bed
reactor. The slurry polynerization reactor and the
SpOUt?QgQ%g rgﬁctor are connected via a line, and the
anmoufit 08¢ aYy 'y fed to the spouted bed reactor is

reg N p e n ifARee e
25 A0S TRE Qe R mdtan et S0 i ehpicifaice typ
tri dgvalhgiigbeedi agd ditferahtidl presauré aupep 90 o heasuring ehe
of the spouted bed reactor. In one nethod, the slurr
was Heeghts mtfothiehspautedd: beds (thenpoditions af thgmwdsssievels n§5).
than_t he powder |evel of the spouted bed. In_the aqther.
met hihe usetnd bath the capasitarge type devel gauges Thand therdiffgrgntial

| e PR 90 naIcs SR SenlS i herBiRt Vel t0be

| . o 4 .
vor aiisy RbuplichyZ BplbishB: B bieieht € o he Tinettion
t he 13RS medief difReditRY pkdisu gﬂdﬁés g0 RGS pyeferitle tdearry out

particle bed is used, feeding e siurry

i nt émeibilowirig yoratamlyf orgsprriealigallyf about 100 tines per
hour and t hus maki ng the anmount of slurry fed at one
ti nEXAMBLES effective for 10 maintaining the flow

sta 0 he spouted bed. Limting the feed rate of
theiglﬂbﬁéxﬁﬂkgéfit possi bl e to keep the superficial
velocity foll,.ow. ifigatl f e+l gui .
propyl en egpﬁyélélgﬁ]?g% g@h’%@%u#?&# Pcl)én&e%{g: iérglgélp (r%léentt e lyvinyl

T AR P LA o Bpb S ey e

f | utagafuisisied\d Mvestigete slys tesidehoe aino disatibgtion irhan olefin
gasification of the Iiquid proqﬁlene, increasing the
st apblyngrizationheeattoovacsoatieg itn thheprepanitiodensdt.  This unit
Anot her advantage of feeding the slurry directly. .to .,

t hehﬁgwpcﬂﬂé‘ﬂ% Baftlesigfanvarial smmeshshApdvitra gas nlet orifice

vapqrization fr t he qasification of propylene c be
aodbasSiy BB it hist wlR i P Foplief R RE e fpbSed
pol [ [ aﬂgp I ' in 20 Table 1 were

obt }glgiﬁfggﬂ??ahag?anp &s mhgﬁ%é arI{'.d in Conparative
EX&EI’I'ZSﬂ Thd 8yltndrical cBRI MGEESreabiot Hadthr st dibfeter dg of
method in which the slurry is fed directly to the

par 60@|memhechd the Exaindbesrifize atdha Hottone endsof tachnbrteilar
obt ai ned for polynmers obtai ned using the nethod. in

whi baiflenbad | aydigmeter fdg of r B @pesiAgeondinglndn thapresent
SpotRamPBe s i SRR fiveop ieheriiva AMrRORa L
the cylinder inside diameter dp was 0.2.
[0126] The angle of inclination between the inside surfaces of the
tubular baffles of inverted conical shape and the horizontal and the

angle of inclination between the outside surfaces of the deflectors and
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ej ector-based transferring neans (see FIG 4). This
transferring nmeans, which is designed to transfer

pol ypropyl ene particles fromthe upper reaction zone
to the |l ower reaction zone, includes a particle
renoving line with an on-off valve, an ejector and a
particle feeding line. 5 Mreover, 10 vol % of the
circul ating gases (gases discharged fromthe top of
the spouted bed reactor) were fed as a gas for
operating the ejector. In addition, I vol % of the

Gonid HoiRBofiiogera S ', | O fyt PRLLERThATKEs haying an
r e”%e’i‘&dtd&?ce% gp%@%cgﬁ eagzggrwﬁtea With htdo‘éﬁﬁoﬁﬁi‘fhhw%%n

that, by 10 ruction-preventing gas

bot ndide dipnbtegast apod nitf\Wn SEHee @Bhivat ekeflettdr chaeh anf fnside
val ve, clogging can be nore reliably prevented than

whediasnetbr at thedotten' el of3G0 tom,tand wersthodlow af the interior.
t he downstream sjde al one. [0159]  Propyl ene and )
hy dEdFd The @asoimtioduesds liptor dhe undnwaseroasemparstye arr,

BRIV Bl S e T SR S PRI e
PR AR e R AT R0 g7 10

pur gh19 BXE &5 ré@tionOzdiReind A% BHASHUFRCEOR FoABtwerkhéach
reaction conditions were as follows. 20Pol yneri zation

t enfilledtwitke:3BGE D pphpropyene partictes wmel sjoled/Rads were
(gauge pressure) Crculating gas flow rate: 140 n8/h
Pr ofyrimedeinfthe despectve 2¢adtightzoHgs by feedingdd gastas the aboee-

G 0 B S Bl i
7 AN | | i cl.
ﬁ ;2 (2L A Ep R BB R e iER dREn TR g o
or oG LRBSSTy dstiisBed Mok FRE HOmboet S ESILARTTed in
di sfibar ge tqiromeportibnSo0tHe udite PlkY,NBrkg GfipMyprO})élene
o/ g.

activity in 5this polynerization step was 21, 900
Th epq;tibép hapidgethe Jame avdrage particle size and colored red was fed

in for a limited time, the amount of colored particles in the particles

discharged outside of the reactor was monitored over time and, using
this as the pseudo impuise response (delta response), a transient
response curve was obtained. To monitor the amount of colored
particles, the a* value in the L*a*b* color system was measured with a
color difference meter (Color Computer SM-5, manufactured by Suga
Test Instruments Co., Ltd.) and the amount of colored particles was
determined based on a previously prepared working curve.

[0129] FIG. 5 shows the normalized transient response curve in
Example 1, and also the data for both a two-tank series and a three-tank

series in a continuous stirred tank series reactor model. In this
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obtained had an intrinsic viscosity of 0.93 dl/g.
[0161] Polynerization Step Il (propyl ene-ethyl ene
copol ymer obtained with fluidized bed reactor

(gas- phase pol ynerization)) The pol ypropyl ene
particles discharged fromthe spouted bed 10 reactor
in the previous stage were fed continuously to a
fluidized bed reactor (capacity, 980 L). The fl uidized
bed reactor was made of SUS 316L stainless steel (the
i nside surface of the reactor and the surfaces of the

interior conponents were finished by buffing to a.grit
si zeexampbpoby fﬂf@“ﬂ&aﬁ‘brspﬂﬂ@degﬁﬁlspp%dp%t oy gtgformance

SRRl 31 el SHirr e R e

flui aﬁgdi’)g@s)rﬁfs%ﬁﬁineapq propyl ene and et hyl ene
i [

copol ymeri zat1’on was carried out in the presence of

pol YOI 9Py ARRSu PR theCh Iylened Wastidl8s Queease Ipatitle size,
holg t%g pr esls]%?e COiI?IS air?%py Thelf{ eact gﬁ co%di?iiﬁ'ct)ns_

ver d, 530 fah) amed idOfRid yrempkatieonlassifipdrat B partitdss in the
Pol yneri zation pressure: 1.4 MPa (gauge pressure)

G r daeldant elpsgifisativnwf particle fhadization prapsytienand gus can be

o B e LA st B A B

[0163], In,this reactor, the polynmer particles had a
meart " %90&1&?5@0??'% of 2.7 hours. The gases within the

rea h%gm{] fal,lgowi ng concentration rati os:

et h3f)gjnl€]/ pro‘gf;eﬁgﬁégg et hyl ene), 27 nol %

hydr ogen/ExatdpRacD tb P bElpheneere @irfiyd eng) to Anvéltigate the
% The 5 polynmer particle discharge rate was 20.6

kg/ melatitmshop bgtvesenzthe i stabibigt 9f/a spoutad thieid formed in a reaction
pol yneri zation step was_ 10,300 g/g. The copol yner
congenennd the shape pbthambulsgbefllé.es obt ai ned had an

i ntrjinsj,c.viscosjty of 4.08 dUg, a content of 27.9 wt
% mgﬂgﬁE’é"’trﬂQC/]ie?ne_ unit content of 33 wt % The
resul ts aA%yﬁHﬁiq@al' &b1d 3Rb el reactor made of transparent polyvinyl

chloride and capable of forming a single spouted bed inside the cylinder

was furnished for use. This reactor had, disposed within the cylinder, a
single tubular baffle with an inverted conical shape having a gas inlet
orifice and, paired with the baffle, a single deflector with a conical
shape.

[0133] The cylindrical cold model unit had an inside diameter dj of 500
mm, and the gas inlet orifice at the bottom end of the tubular baffle had
a diameter ds of 100 mm. Accordingly, in the present example, the
ratio da/dg between the gas inlet orifice diameter ds and the cylinder
inside diameter dg was 0.2.

[0134] The angle of inclination between the inside surface of the

tubular baffle having an inverted conical shape and the horizontal and

52



10

15

20

25

10[ 0164] Exanple 11 Polynmerization Step | (propyl ene
honmopol ynmeri zati on using slurry polynerization

react or) Asi de from changi ng the foll ow ng
reacti on conditions, propylene honopol ynerization was
carried out in the same way as in 15Pol ynerization
Step | of Exanple 10. Reactor fluid level: 30 L
Propyl ene feed rate: 16 kg/h Hydrogen feed rate: 137
NL/ h Triethylal um numfeed rate: 37.8 nmol/h

20Cycl ohexyl et hyl di met hoxysi | ane feed rate: 5.6 nmmoUh
Prepol yneri zati on catal yst conponent slurry feed rate
( pol themngleatf ionlivatien Heiween tho petsideparfacy: ofghe deflggtor and

[0165] In this reactor, the glurry had a mean ..
r esitBe@izonial werg eaoh Iéur , Sfé'ﬁdc‘fq%%a r deflecipr hadcap dpside

00 RSB 88 1500 s SOFRAE R e Brion
o ADTSSERPROTBHEE S RBAH G GE KBSETH) B o

polypropylene particles having an average particle size of 1,100 um.
A gas was fed in from the gas inlet orifice, and the flow state of the
polypropylene particles was observed. The gas introduced into the
unit was room-temperature air, which was fed in at a rate of 7.5 m’ per
minute.,
[0136] As a result, an ordinary spouted bed flow state was observed in
which the particle concentration near the center axis of the cylinder was
low, a spout of upwardly flowing gas and particles stably formed, and
particles dropped down in a moving bed state at the periphery thereof.
[0137] Example 3

Aside from setting the diameter da of the gas inlet orifice at the
bottom end of the tubular baffle to 75 mm instead of 100 mm, air was
fed to the particle bed in the same way as in Example 2 and the flow
state of the polypropylene particles was observed. In this example, the
ratio da/dg between the diameter d, of the gas inlet orifice and the
cylinder inside diameter dg was 0.15. As in Example 2, an ordinary
spouted bed flow state was observed in the present example.
[0138] Example 4

Aside from setting the diameter d, of the gas inlet orifice at the
bottom end of the tubular baffle to 125 mm instead of 100 mm, air was
fed to the particle bed in the same way as in Example 2 and the flow

state of the polypropylene particles was observed. In this example, the
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intrinsic viscosity of 0.92 cll/g. [0166]

Pol ynmeri zation Step Il (propyl ene honopol yneri zati on
by spouted bed reactor (gas phase polynerization)) The
pol ypropyl ene particles obtained in Polynerization
Step | 5 were fed to a reactor having the sane
construction as the spouted bed reactor used in

Pol yneri zation Step Il of Exanple 10. Aside from
setting the pol ypropyl ene particle hold-up to 46 kg
(top stage, 23 kg; bottom stage, 23 kg), propylene
honopolynerlzatlon was carried out in the sane way as

i n Palig rda/d AetvesenSthepdiamedér Bxapfpthe gas inlet @rdice and the
this ctor,. the poly opyl rtic eshdamaan

r esicHd 8 inside diameter ‘Eﬁb O%Ee %1““&8 f%‘b)ﬂr@ﬁ‘é'y
particle di was 1 Kk The zation
it B?Wd%ﬁa‘?ﬂ% A5 e phsely i Ll X ARE5 "y o

The g Ekdg Eg; ypropyl ene particl es had an intrinsic
Vi séosn ty of % O dl/g. 15[0168] Polynerization Step

|11 ( propxbidsgrah ydding 7copdiniiies digtd # pamicldibed composed
fluidized bed reactor {(gas phase pol ynerization))

The of polypropylenn papizles kdvisg ahtaveragd sizeoof 900 pm instead of
Pol yrmeri zation Step || above were fed to a reactor

hav ifersling &. %mvhnl@o@fsw (e @i pastigle badecompesedzelipelypropylene
d Pol at 1,1 | e 10.

0 REFIS Ry ah v Egee sea oh b D TEe aihads SR Dispaifie

parEF(@I 05 tHe? g%ekgfa PLO RY! Egﬁng{}.d:leﬁ{i'%ltﬁgeﬂow state of the

copol yneril za I On wa carri e e presence of

poI | S P nﬂ»l 4
Pol yrrg??bz(ﬁgq f}genﬁﬁlglpeglﬁs %%egb?mﬁgqgﬂg%aﬁﬁl g gotio dw'ds

t hi betvaeatthe didrhetepd), Yofethe paktinlet esificacdnd theauyhnder inside
residence tine 25o0f 3.1 hours. The pol yner particles

wer diatietethds gad 2. aAsdndExample.2; angerdinaryiepouted bed flow

poI msrlzatlon actiyity in this polynmerization step
1, wapolsegv ‘iiWéKEcPﬁ‘Eﬁ onent present in the

res r particles had an intrinsic viscosity
wlégﬁ]ﬁ%m}ﬁngontent of 25.4 wt % and an ethylene
unlt Cont‘@? Setfhg the E;kﬁnétglsﬂkto?tﬁégasgﬁﬂw‘oﬁﬁce at the
Exanple 1

Table 1. 5
bottom end of the tubular baffle to 75 mm instead of 100 mm, air was

fed to the particle bed in the same way as in Example 2 and the flow
state of the polypropylene particles was observed. In this example, the
ratio da/dg between the diameter dn of the gas inlet orifice and the
cylinder inside diameter dp was 0.15. As in Example 2, an ordinary
spouted bed flow state was observed in the present example.
[0141] Example 7

Aside from setting the diameter d, of the gas inlet orifice at the
bottom end of the tubular baffle to 125 mm instead of 100 mm, air was
fed to the particle bed in the same way as in Example 5 and the flow

state of the polypropylene particles was observed. In this example, the
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Pol ynmeri zation Step | (pol ypropyl ene

honmopol ynmeri zati on using slurry polynerization

react or) Asi de from changi ng the foll ow ng
reacti on conditions, propylene honopol ynerization was
carried out in the same way as in 10Pol ynerization

Step | of Exanple 10. Triethylalum numfeed rate: 35 1
nmol / h Cycl ohexyl et hyl di net hoxysi | ane feed rate: 5 3
nol / h Prepol yneri zati on catal yst conponent slurry

feed rate (polynerization catal yst conponent basis):
0.566 g/ h 15[0171] In this reactor, the slurry had a
meanraties i gdp detwieere thé diametehalyr pf dhel gabdntestarifige and the
whi ch t he pol ypropyl ene particles were_di scharged S

4. 93cylEder inyide ginmeter dpaWaoh-2det iAS 1y Exgmplg 2, an ordinary

I L zati t , 710 .9/ g. Th I I
par 1okl ol Qoistale e hservan s psontl sonplicl o
0.9 Pol I zat | St Il I
nancl ShEFRRTY B by Spout ed bed reactor (pas phase

pol ymeri za{dirbm setting Thie dRM(& QLY RS Rdhidt @rfffce at the

obtained in Polynerization Step | were fed to a

r eadbaitonh @it g the eulndae bafilestor 3¢ himrinstead b€ 100 antredir was
bed reactor used in Polt){lrreri zation Step |l of Exanple
10. faditaghe particle bed in the same way as in Example 2 and the flow

25changi ngt hef ol | ow ngreac_ti oncondtl tions, rgﬁ)é/l ene
e

honotF hEhe pabypPEpYlenRs paticles vasRoservedh CRAPL the
por RGP e RN & IS Riraet®; de SRS 8B let grifispcond the
L 3B de GgnERER R D30 TGRS aousd o
although unstable, was confirmed in this example. That is, the spout
moved off-center, forming at a position other than the center axis of the
cylinder, which in turn resulted in a variation in the height of the particle
bed peripheral to the spout. In addition, the spout forming position
was observed to change irregularly over time.
[0143] Example 9
Aside from setting the diameter d of the gas inlet orifice at the
bottom end of the tubular baffle to 50 mm instead of 100 mm, air was
fed to the particle bed in the same way as in Example 5 and the flow
state of the polypropylene particles was observed. In this example, the
ratio d,/dg between the diameter d, of the gas inlet orifice and the
cylinder inside diameter dg was 0.10. The formation of a spouted bed,
although unstable, was confirmed in this example. That is, the spout
moved off-center, forming at a position other than the center axis of the
cylinder, which in turn resulted in a variation in the height of the particle

bed peripheral to the spout. In addition, the spout forming position
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[0173] In this reactor, the polypropyl ene particles
had a nean residence tinme of 4.2 hours. The rate of
pol ypropyl ene particle discharge was 13.6 kg/h. The
pol yneri zation activity in this polynerization step
was 15,300 g/g. The resulting pol ypropyl ene particles
had an intrinsic 10viscosity of 0.97 dl/g. [0174]

Pol yneri zation Step Il (propyl ene-ethyl ene

copol yneri zation with fluidized bed reactor (gas phase
pol ymeri zati on)) Pol ypr opyl ene particl es

obt ai ned from Pol ynerization Step Il above were fed to

a r evastabsenaditaghange istegelachnexardigeé.on as the 15
fluidized bed reactor _used in Polynerization Step H
of é&kﬁ@ EX%Pleﬁ’rlgé?IIén%“‘gQ@nH%aﬁ%‘@nﬁex%ﬂGF #% zati on
was t her carr| out, i the presenc .
oy pr opy | 800 plefirpibgurtion RcBSTEEIER ofil in Fxamples 10 o
Pol L i inMvhich
readpost i E9n b rtdedh if OIGmERzalitt Ship 1) ihowhic
ti mprafyiaie BofrdpelimberiZHtidnP Qlay N@irigdrdut Qlsirsy \weEsouted bed
di scharged at a rate of 19.7 kg/h. The pol ynerization
act redctor. i Thehpadyglefin prodursicnoprosesseamded 20t B0Compgrative
The _copol ynmer conponent present in the resulti n?_ ]
pol Fxemples i dsinshuledna jster i(Relyanerization; $tgp o) 4n 3ghich
Wg, a content of 30.9 wt % and an, et hyl.ene i t.
CouPETDIGH Bomppobmcrivalipactips Sanrdl SHCHYRR 7 Jlidiaed bed
1. ]: araf i a ol ] ' )
L oL SRR RSB 3 deo O WP DRERIER pRcon
poLng’Jebg b bERH Txample 13 RFFOME! @Rention included a step
honbpol ynmeri zation was carried out in the sane way as
i n PRdlynrizatén StepIMBAn whith prepyitie-dthylene @bpdlymerization
Pol ymeri zation Step I'l (propylene honopol ynerization
by Wasicditkalbowtasingaspauted had regrice JolBExamplesi? to)$ and
A fluidized bed reactor (capacity, 1,440 L; ipside
di afemaaratsspExagipiegs! tQ §3m wélyw&ﬁﬂl preapertidy of e pplymer
was_made of SUS ‘316%:l s{ gi nlcfss.sﬁé ‘("vvith the inside
sur PaRemsesyrRd 2pd gualypied a3 qERENes Felews of

[0145] (1) Intrinsic Viscosity (units: dl/g)

Three different samples were prepared by dissolving the
polymer in 1,2,3,4-tetrahydronaphthalene solvent to predetermined
concentrations. The polymer concentrations of the respective samples
were set to 0.1 g/dl, 0.2 g/dl and 0.5 g/dl. The reduced viscosities of
these samples were measured at a temperature of 135°C using an
Ubbelohde viscometer. In accordance with the method of calculation
described on page 491 of Kobunshi yoeki [Polymer solutions], which is
volume 11 of Kobunshi Jikkengaku [Experimental polymer science]
(1982, Kyoritsu Shuppan), the reduced viscosity was plotted versus the

concentration, and the intrinsic viscosity was determined by

extrapolating the concentration to zero.
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10i nternal conponents finished by buffing to a grit
size of 300), and equipped in the reaction zone with a
stirrer. [0178] A slurry containing polypropyl ene
particles and liquid propylene was fed intermttently
fromthe slurry polynerization reactor of the previous
stage to the fluidized bed reactor as a plurality of

di vided 15 portions, in addition to which propyl ene
and hydrogen were continuously fed fromthe bottom of
the reactor. A fluidized bed was thereby formed wthin
the reactor, and propyl ene honupolyne&bzation was

car rl0&406b (i) Biylesiedimig Cogtank £6Ris: g8t Y9 hol d t he
P e st Gtk TA5, L5693 SRt g0y BE SR Spccrum
R s
2 EC SR Tt o) (1555
pol yimokyuhiae Shaten)cl eAs dusshdigyein, hsdhgene unit” refers to
structural units which originate from ethylene.
[0147] (iii) Polymerization Activities in Respective Polymerization
Steps (units: g/g)

The polymerization activities were calculated by dividing the
weight (g) of polymer produced in each polymerization step by the
weight (g) of the solid catalyst component fed to that polymerization
step.

[0148] (iv) Copolymer Component Content Fgp (units:  wt %)

The copolymer component content Fgp (units: wt %) was
calculated using the following formula.

Fpp = Wgp/ Wy x 100
In the formula, W, stands for the total amount of polymer produced
(homopolymer component and copolymer component combined) per
unit time, and Wgp is the amount of copolymer component produced per
unit time in Polymerization Step (III).

[0149] (v) Intrinsic Viscosity of Polymer Produced in Respective
Polymerization Steps (units: dl/g)

The intrinsic viscosity [n]p; of the polymer component produced
in Polymerization Step (I), the intrinsic viscosity [n]pz of the polymer
component produced in Polymerization Step (II), and the intrinsic

viscosity [n]gp of the copolymer component produced in Polymerization
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‘intrinsic viscosity of 0.96 dl/g. The pol ynerization

activity in this polynerization step was 16, 600 g/ g,
whi ch was | ow conpared to Pol ynerization Step |1 of
Exanpl e 10. [0180] Pol ynerization Step |11
(propyl ene-et hyl ene copol yneri zation 5with fluidized
bed reactor (gas phase pol ynerization))

Pol ypr opyl ene particles obtained from Pol ynerization

Step Il above were fed to a reactor having the sane
construction as the fluidized bed reactor used in
Pol ynmeri zation Step Il of Exanple 10. Aside from

set Stey(IH avere calculnted using theofojlesvingdermulees t o 40 kg,
10 propyl ene and et hyl ene copol yneri zati on was carri ed
out [Mmt Fe ;ﬂﬂ]asence of pol ypropyl ene particles in the

in P ' i I f 10.
LB | i e dainar YR ReD et SRR 2
id ti : . ' i
act TRy 1 CHps BBrkaf 000 ety SaTrR BO0RE 063057
o/ g wie [9.9{90' 1 si€ 9MEeesigntdi)asepulyiner tiven Pebythedizeion
pol ynmer particles had an intrinsic viscosity of 3.60

dl / §tep(ITtontent of 26.1 w % and an et hyl ene unit
content of 33 wt % The results are shown in Table, 1..

[ 018n).: Comtpasist Vissosigakdve) of Tobynghdellowing ﬁogfféﬁﬂwlon
(po@/&{ yl ene honopol yneri zati on using slurry

pol i*Zation reactor) Propyl ene

POTAPL Y SRS R (9B St T oo

homadl (BT 7at  on by 251 ui di £6d bed reactor (gas

pha¥é, polArenntzet palyener prastuced yn Polynedrmiatign Step ?I) (kg/h)

Pol w;z?p)gnelggmpjfr I;)il}?rlngf pﬁ)rc]i?lcl:(ii %Ji’gly%rlgr?z)gtigg eStep {) (kg/h)
[0150] (vi) Ethylene Unit Content of Polymer Component Produced in
Respective Polymerization Steps (units: wt %)

The ethylene unit content Egp (units: wt %) of the polymer
component produced in Polymerization Step (III) was computed from
the following formula.

Egp =E; x 100/Fgp
Here, E; is the ethylene unit content (units: wt %) of the polymer
following Polymerization Step (III).

[0151] (vii) Fisheye Count (unit: count/100 cm”)

The polymer was fed to a T-dic film-forming machine
(manufactured by Tanabe Plastics Kikai; T-die width, 100 mm)
equipped with a single-screw extruder having a screw diameter of 20

mm, and a 50 um thick sheet was manufactured at a temperatufe of

210°C. The resulting sheet was placed on the platen of a scanner (GT-
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was fed intermttently fromthe slurry polynerization
reactor of the previous stage to the fluidized bed
reactor as a plurality of divided portions, in
addition to which propyl ene and hydrogen were
continuously fed fromthe bottomof the reactor. A
fluidized bed was 5 thereby fornmed within the reactor,
and propyl ene honopol yneri zati on was carried out while
pur gi ng excess gas to hold the pressure constant. This
reactor had the sane construction as the fluidized bed
reactor used in Polynerjzation Step || of Conparatiyve

i b B e WA i
f|O|r gsv ?’g{z?‘ }iafizg%gﬁd'dgggr@g@ gq;réglgfgﬁa g)lat@(gxg%rug@(? Hﬂﬁ’ﬁg@shbrand
ry i By Sy RastniR SRYRRR G gl pret et withthe
[ m?ﬁg}‘%ﬂé‘%ﬁiﬁggi SRRC&Othe n}glgfe ﬁ%ir%:goﬂféoéﬂe‘éﬂe Qétfih% l‘ﬂ/ng?)canner

di s an intrinsic viscosity of 0.91

The reedlMiiBH t@ @00 Api asd itivd tonal gradhtiongfor\eaeh pbad ite8 bits, an
step was 12,900 g/ g, which was | ow conpared to ]
Pol yimage adtthershettewas entefeditdothe compud| 318 black-and-white

Pol ynmeri zatjon Step 11 (propyl ene-ethyl ene
copdmpgerandhsavad R h bitmapeed darmaly rHHs LBragegwas dhgitiged

I i zati . Pol I ' . .
bt s ihreABsiscr R prafiisd ty RabL RS Enaigegrine
' ¢ ' heg:
1 urar PRt DR upert 1 SRERA AR ER R NeTisheyes, prere
of Exasilifedlds arad\thatQrb bRIph&ttham thdif Sufd@lrltinigs. OfBédatise
pol ymer  particles to 65 kg, propyl ene and et hyl ene
copahy rfisheged iveere el indefimitedstape, ithe tshee of each fisheye was

equated to the diameter of a circle of the same surface area, and the

number of fisheyes having a diameter of 200 pm or more was
determined. The fisheye count was the number of such fisheyes per
100 cm” of the sheet.
[0152] Example 10
Prepolymerization

A 3-liter stainless steel autoclave equipped with a stirrer was
charged with 1.5 L of thoroughly dehydrated and deaerated n-hexane,
375 mmol of triethylaluminum and 3.75 mmol of
cyclohexylethyldimethoxysilane. To this was added 15 g of a solid
catalyst component, following which 15 g of propylene was
continuously fed in over a period of about 30 minutes while holding the
temperature within the autoclave at about 10°C, thereby carrying out
prepolymerization. The prepolymerization slurry was then transferred

to a stirrer-equipped 150-liter autoclave made of SUS 316L stainless
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presence of pol ypropylene particles in the same way as
in Polynerization Step |11l of Exanple 11. [0186] In
this reactor, the polyner particles had a nean

resi dence time of 3.4 hours. The polynerization
activity in this polynerization step 5 was 7,540 g/g.
The copol yner conponent present in the resulting

pol ymer particles had an intrinsic viscosity of 4.11
dl/g, a content of 24.4 wt % and an ethyl ene unit
content of 32 wt % The results are shown in Table 1.
[0187] Conparative Exanple 3 10Pol ynerization Step |

( pol steglopyd e @0 hbnyfoliyoier itmmdricorwass iatiged) thergby giving a
pol ynmeri zati on reactor) Propyl ene

honogrepglyererizatipnn cetalyst acemnpanentt shurt he Tdensolidy catglyst
in Polynerization Step | of anpl e 12. {3188]0 d
Pol yGAIRPONSNE BeecSyap One p L HEE Foopsiakas that degrbe

R s ARt 4 ind G TrahiRe sRORR Al EL LARH-b6R! do.

Pr opygRings fed intermttently fromthe slurry
pol yneri zation reactor of the previous stage to the

f 1 ui [@138F PBRAnéreafToR Sasp 3 @rupplend Yhathopblyintbeitation using
portions, in addition to which propyl ene and hydrogen

wer eslu29 pobmhérimationlrgadter) from t he bottom of the
reactor. A fluidized bed was thereby forned within the

reactor, RmepylensphpmepolysresiratipReriy SRsH NisUsiBg @ gyrer-
constpredT PP M g Twe bR GEran qaede of
1 UM RS 88T The Pofinef IR HBKlGE o dkarlied ou
ver yRge f AntiRBusl{oeedid ZbpyRné e Hyarce! etriefifaluminum,
cyclohexylethyldimethoxysilane and the prepolymerization catalyst
component shurry into the reactor. The reaction conditions were as
follows.
Polymerization temperature: 70°C
Stirring speed: 150 rpm
Liquid level in reactor: 18 L
Propylene feed rate: 25 kg/h
Hydrogen feed rate: 215 NL/h
Triethylaluminum feed rate: 45.3 mmol/h
Cyclohexylethyldimethoxysilane feed rate: 6.6 mmol/h
Prepolymerization catalyst component slurry feed rate (polymerization
catalyst component basis): 0.557 g/h
Polymerization pressure: 4.1 MPa (gauge pressure)
[0154] In this reactor, the slurry had a mean residence time of 0.29
hour, and polypropylene particles were discharged at a rate of 2.67 kg/h.
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Pol yneri zation pressure: 1.8 |vfPa (gauge pressure)
Circulating gas flow rate: 140 nB/h Propyl ene feed
rate: 20 kg/h Hydrogen feed rate: 1,360 NL/h 5Hol d-up:
57 kg [0189] In this reactor, the polypropyl ene
particles discharged had an intrinsic viscosity of
0.93 dllg. The polynerization activity in this

pol ymeri zation step was 14,200 g/ g, which was | ow
conpared to Polynerization Step Il of Exanple 12.

10[ 0190] Pol yneri zation Step |1l (propyl ene-ethyl ene
copol ymerization with fluidized bed reactor (gas phase
pol yiher paatieciaption activitpon yisqmlyeerdzation siepewas 4,790 g/g.

obt ai ned from Pol yner,i zation Step.Il above were fed,to
ar é‘ﬁ@tﬁﬁ?lw}@etwéﬁﬁéﬁ@bé%ﬂ%‘i Péd @nowtaRsie jascosity of 0.93
fluidi zed bed reactor used in Polynerization Step |11

of grrple 10. 15 Aside fromsetting the hol d-up of

t he ' S yl :

copol PP RRLO0ES S16b 31 , KihopBlcny HEREERIOER MG by
pol ¥p6@ted (e fedtddit ( sdpblytherRARoMpY as in

Pol yrpreri zat i 0?1 St eop%glkﬁhaoprxs}glrrpl e (:)L . [0191] In this
react or, Abspoptedytrel reaatdriteivas tveal reactivarzones il ¢ine wertical

time 20 of 3.4 hours. The pol_gilnrrgri zation activity in
t hi dingetigmrtl,A40itencapasywmsideodismetes §00 Tha) asdumished

COMREER! P S ybL bl S5k e85 W BB LS 5S 204

27 S RO PSS 1590 8l e fr 200,
and the material making up the rest of the reactor was SUS 316 (with
surfaces finished by buffing at a grit size of 300). This reactor was
converted for use here from a fluidized bed reactor with stirrer. That
is, the stirrer and gas dispersion plate within the original reactor were
taken out and, in their place, combinations of a tubular baffle and a
deflector were installed coaxially at each of two stages in tﬁe vertical
direction. The tubular baffles and deflectors used here had the same
shape and size as those used in Example 3.
[0156] A slurry containing polypropylene particles and liquid propylene
was fed intermittently in a plurality of divided portions from the slurry
polymerization reactor in the preceding step to the top reaction zone in
the spouted bed reactor. The slurry polymerization reactor and the
spouted bed reactor are connected via a line, and the amount of slurry
fed to the spouted bed reactor is regulated by an on-off valve provided
on this line.
[0157] The following two siurry feeding methods were tried when

feeding the slurry to the top reaction zone of the spouted bed reactor.
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Uni t

EX10 ICE1 EX 11 ICE 2 EX 12 ICE 3

Pol ynmeri zation Step | Polynerization activity gig

4,790 11,200 8,710 Intrinsic viscosity [ii]pi dUg

In one method, the slurry was fed into the reaction zone from a higher
position than the powder level of the spouted bed. In the other
method, the slurry was fed into a position lower than the powder level
of the spouted bed; that is, directly into the particle bed. It was
confirmed that the slurry can be fed without difficulty by either method.
Moreover, it was learned from these tests that, when the method of
feeding the shurry directly into the particle bed is used, feeding the
slurry intermittently at a frequency of about 100 times per hour and thus
making the amount of slurry fed at one time small is effective for
maintaining the flow state of the spouted bed. Limiting the feed rate of
the slurry makes it possible to keep the superficial velocity following
gasification of the liquid propylene present in the shury from exceeding
the minimum fluidization velocity in the reaction zome.  This
presumably makes it possible to suppress fluctuations within the system
associated with gasification of the liquid propylene, increasing the
stability of the flow state in the spouted bed. Another advantage of
feeding the slurry directly to the particle bed is that the latent heat of
vaporization from the gasification of propylene can be used particularly
effectively to remove the heat of polymerization. The results shown in
Table 1 were obtained, in Examples 10 and 11 and in Comparative
Examples 1 to 3, for polymers obtained using the method in which the
slurry is fed directly to the particle bed. In Examples 12 and 13, the
results were obtained for polymers obtained using the method in which
the slurry is fed from a position higher than the powder level of the
particle bed.

[0158] The spouted bed reactor used in the present example has an
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0.93 0.92 0.9 Polynerization Step"! Tenperature C 80
80 80 80 70 70 Polynerization activity g/g

ejector-based transferring means (see FIG. 4).  This transferring means,
which is designed to transfer polypropylene particles from the upper
reaction zone to the lower reaction zone, includes a particle removing
line with an on-off valve, an ejector and a particle feeding line.
Moreover, 10 vol % of the circulating gases (gases discharged from the
top of the spouted bed reactor) were fed as a gas for operating the
gjector. In addition, 1 vol % of the circulating gases were fed to the
upstream and downstream sides of the on-off valve on the particle
removing tube to prevent obstruction. It was confirmed that, by
feeding this obstruction-preventing gas to both the upstream and
downstream sides of the on-off valve, clogging can be more reliably
prevented than when such a gas is fed only to the upstream side or the
downstream side alone.

[0159] Propylene and hydrogen were continuously fed from the bottom
of the spouted bed reactor having the above construction. In this way,
a spouted bed was formed in each of the top and bottom reaction zones,
in addition to which propylene homopolymerization was carried out
while purging excess gas to keep the pressure constant. The reaction
conditions were as follows.

Polymerization temperature: 80°C

Polymerization pressure: 1.8 MPa (gauge pressure)

Circulating gas flow rate: 140 m’/h

Propylene feed rate: 20 kg/h

Hydrogen feed rate: 1,150 NL/h

Polypropylene particle hold-up: 60 kg (top stage, 30 kg; bottom stage,
30 kg).
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21,900 16,600 13,600 12,900 15,300 14,200 Intrinsic
viscosity M, dl/g 0.93 0.96 0.9 0.91 0.97 0.93

[0160] In this reactor, the polypropylene particles had a mean residence
time of 4.6 hours, the concentration ratio of the gases within the reactor
(hydrogen/(hydrogen + propylene)) was 10.4 mol %, and the polymer
particle discharge rate was 14.9 g/h. The polymerization activity in
this polymerization step was 21,900 g/g. The polypropylene particles
obtained had an intrinsic viscosity of 0.93 dl/g.

[0161] Polymerization Step III (propylene-ethylene copolymer obtained
with fluidized bed reactor (gas-phase polymerization))

The polypropylene particles discharged from the spouted bed
reactor in the previous stage were fed continuously to a fluidized bed
reactor (capacity, 980 L). The fluidized bed reactor was made of SUS
316L stainless steel (the inside surface of the reactor and the surfaces of
the interior components were finished by buffing to a grit size of 300).
The reactor was equipped with a gas dispersion plate and a stirrer.
[0162] Propylene, ethylene and hydrogen were continuously fed to this
fluidized bed reactor, and propylene and ethylene copolymerization was
carried out in the presence of polypropylene particles while purging
excess gas to hold the pressure constant. The reaction conditions were
as follows.

Polymerization temperature: 70°C
Polymerization pressure: 1.4 MPa (gauge pressure)
Circulating gas flow rate: 140 m’/h

Propylene feed rate: 34 kg/h

Ethylene feed rate: 7.3 kg/h

Hydrogen feed rate: 49 NL/h

Polymer particle hold-up: 55 kg
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Tenperature C 80 80 80 80 70 70 Pol ymeri zation Step

Pol yneri zation activity gig 10,300 7,040 8,470

[0163] In this reactor, the polymer particles had a mean residence time
of 2.7 hours. The gases within the reactor had the following
concentration ratios: ethylene/(propylene + ethylene), 27 mol %;
hydrogen/(hydrogen + propylene + ethylene), 0.79 mol %. The
polymer particle discharge rate was 20.6 kg/h. Th¢ polymerization
activity in this polymerization step was 10,300 g/g. The copolymer
component in the polymer particles obtained had an intrinsic viscosity
of 4.08 dl/g, a content of 27.9 wt %, and an ethylene unit content of 33
wt %. The results are shown in Table 1.

[0164] Example 11

Polymerization Step 1 (propylene homopolymerization using slurry
polymerization reactor)

Aside from changing the following reaction conditions,
propylene homopolymerization was carried out in the same way as in
Polymerization Step I of Example 10.

Reactor fluid level: 30L

Propylene feed rate: 16 kg/h

Hydrogen feed rate: 137 NL/h

Triethylaluminum feed rate: 37.8 mmol/h
Cyclohexylethyldimethoxysilane feed rate: 5.6 mmol/h
Prepolymerization catalyst component slurry feed rate (polymerization
catalyst component basis): 0.591 g/h

[0165] In this reactor, the slurry had a mean residence time of 0.84
hour, and the rate at which the polypropylene particles were discharged
was 6.61 kg/h.  The polymerization activity in this polymerization step
was 11,200 g/g. The polypropylene particles thus obtained had an
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7,540 10,800 10,500 Copol ynmer conponent content Fep

wt

% 27.9 26.1 25.4 24.4 30.9 27.9 Intrinsic

viscosity [n] Ep dVg

intrinsic viscosity of 0.92 di/g.
[0166] Polymerization Step Il (propylene homopolymerization by
spouted bed reactor (gas phase polymerization))

The polypropylene particles obtained in Polymerization Step 1
were fed to a reactor having the same construction as the spouted bed
reactor used in Polymerization Step II of Example 10. Aside from
setting the polypropylene particle hold-up to 46 kg (top stage, 23 kg;
bottom stage, 23 kg), propylene homopolymerization was carried out in
the same way as in Polymerization Step II of Example 10.

[0167] In this reactor, the polypropylene particles had a mean residence
time of 3.1 hours. The rate of polypropylene particle discharge was
14.7 kg/h.  The polymerization activity in this polymerization step was
13,600 g/g. The resulting polypropylene particles had an intrinsic
viscosity of 0.90 dl/g.

[0168] Polymerization Step IIl (propylene-ethylene copolymerization
with fluidized bed reactor (gas phase polymerization))

The polypropylene particles obtained from Polymerization Step
II above were fed to a reactor having the same construction as the
fluidized bed reactor used in Polymerization Step HI of Example 10.
Aside from setting the hold-up of the polypropylene particles to 60 kg,
propyIéne and ethylene copolymerization was carried out in the
presence of polypropylene particles in the same way as in
Polymerization Step III of Example 10.

[0169] In this reactor, the polymer particles had a mean residence time
of 3.1 hours. The polymer particles were discharged at a rate of 19.7

kg/h. The polymerization activity in this polymerization step was
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4.08 3.6 4.99 4.11 4.3 4.2 Ethylene unit content Em

wt

% 33 33 38 32 32 33

8,470 g/g. The copolymer component present in the resulting polymer
particles had an intrinsic viscosity of 4.99 dl/g, a content of 25.4 wt %,
and an ethylene unit content of 38 wt %. The results are shown in
.Table 1.

[0170] Example 12

Polymerization Step I (polypropylene homopolymerization using slurry
polymerization reactor)

Aside from changing the following reaction conditions,
propylene homopolymerization was carried out in the same way as in
Polymerization Step I of Example 10.

Triethylaluminum feed rate: 35.1 mmol/h
Cyclohexylethyldimethoxysilane feed rate: 5.3 mmol/h
Prepolymerization catalyst component slurry feed rate (polymerization
catalyst component basis): 0.566 g/h

[0171] In this reactor, the slurry had a mean residence time of 0.79
hour, and the rate at which the polypropylene particles were discharged
was 4.93 kg/h. The polymerization activity in this polymerization step
was 8,710 g/g. The polypropylene particles thus obtained had an
intrinsic viscosity of 0.90 dl/g.

[0172] Polymerization Step II (propylene homopolymerization by
spouted bed reactor (gas phase polymerization))

The polypropylene particles obtained in Polymerization Step I
were fed to a reactor having the same construction as the spouted bed
reactor used in Polymerization Step II of Example 10. Aside from
changing the following reaction  conditions,  propylene

homopolymerization was carried out in the same way as In
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Eval uation of final polyner Intrinsic viscosity dl/g
1.81 1.65 1.94 1.69 1.72 1.81 Ethylene unit content

%9.1 8.6

Polymerization Step II of Example 10.

Polymerization temperature:  70°C

Hydrogen feed rate: 1,360 NL/h

Polypropylene particle hold-up: 57 kg (top stage, 28.5 kg; bottom
stage, 28.5 kg)

[0173] In this reactor, the polypropylene particles had a mean residence
time of 4.2 hours. The rate of polypropylene particle discharge was
13.6 kg/h. The polymerization acti\}ity in this polymerization step was
15,300 g/g. The resulting polypropylene particles had an intrinsic
viscosity of 0.97 dl/g.

[0174] Polymerization Step III (propylene-ethylene copolymerization
with fluidized bed reactor (gas phase polymerization))

Polypropylene particles obtained from Polymerization Step I

above were fed to a reactor having the same construction as the
fluidized bed reactor used in Polymerization Step III of Example 10.
Propylene and ethylene copolymerization was thereby carried out in the
presence of polypropylene particles in the same way as in
Polymerization Step III of Example 10.
[0175] In this reactor, the polymer particles had a mean residence time
of 3.6 hours. The polymer particles were discharged at a rate of 19.7
kg/h. The polymerization activity in this polymerization step was
10,800 g/g. The copolymer component present in the resulting
polymer particles had an intrinsic viscosity of 4.30 dl/g, a content of
30.9 wt %, and an ethylene unit content of 32 wt %. The results are
shown in Table 1.

[0176] Comparative Example 1
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9.5 7.9 10 9.3 Fisheye count count/Ho cnR 3,648 4,739
2,315 2,866 879 2,392 [0193] Exanple 13

Polymerization Step I (polypropylene homopolymerization using slurry
polymerization reactor)

Propylene homopolymerization was carried out in the same way
as in Polymerization Step I of Example 10.
[0177] Polymerization Step II (propylene homopolymerization by
fluidized bed reactor (gas phase polymerization))

A fluidized bed reactor (capacity, 1,440 L; inside diameter, 500
mm) was furnished for use. This reactor was made of SUS 316L
stainless steel (with the inside surface of the reactor and the surfaces of
internal components finished by buffing to a grit size of 300), and
equipped in the reaction zone with a stirrer.
[0178] A slurry containing polypropylene particles and liquid propylene
was fed intermittently from the slurry polymerization reactor of the
previous stage to the fluidized bed reactor as a plurality of divided
portions, in addition to which propylene and hydrogen were
continuously fed from the bottom of the reactor. A fluidized bed was
thereby formed within the reactor, and propylene homopolymerization
was carried out while purging excess gas to hold the pressure constant.
The reaction conditions were as follows.
Polymerization temperature: 80°C
Polymerization pressure: 1.8 MPa (gauge pressure)
Circulating gas flow rate: 140 m’/h
Propylene feed rate: 20 kg/h
Hydrogen feed rate: 1,150 NL/h
Hold-up: 60 kg
[0179] In this reactor, the polypropylene particles discharged had an
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Pol ynmeri zation Step |I-1 (propyl ene honopol ynmeri zati on
using slurry polynerization reaction) 5Aside from

changi ng the follow ng reaction conditions, propylene
honopol yneri zation was carried out in the sane way as

in Polynerization Step | of Exanple 10. Pol yneri zation
tenperature: 78C Propyl ene feed rate: 20 kg/h

10Hydrogen feed rate: 169 NL/h Triethylal um num f eed
rate: 39.9 nmmol/h Cycl ohexyl et hyl di net hoxysi | ane feed
rate: 5.7 mol/h Prepol ynerization catal yst conponent
slurry feed rate (pol ynerization catal yst conponent
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at i ch the pol ypropyl ene parti cles were di schar ged
was Bolgmekigation Step Iﬁb@jfﬁmmlﬁaﬂ[)on activity in this
pol yneri zation step was 770 g/ g. The pol ypropyl ene

par t [0d B&k Pohmseratationn §tﬂph&H @ﬂompnwﬁw&erm sepelymprization
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reactor) ?X@%ﬁﬂ%gﬁ%@ﬁ&@?r&%n% HBrh rfol&ﬁ%?l{zgfioﬁ Step 1I

the previou
above were fed to a reactor having the same construction as the

fluidized bed reactor used in Polymerization Step 1II of Example 10.
Aside from setting the hold-up of the polymer particles to 40 kg,
propylene and ethylene copolymerization was carried out in the
presence of polypropylene particles in the same way as in
Polymerization Step III of Example 10.
[0181] In this reactor, the polymer particles had a mean residence time
of 2.2 hours. The polymerization activity in this polymerization step
was 7,040 gfg. The copolymer component present in the resulting
polymer particles had an intrinsic viscosity of 3.60 dl/g, a content of
26.1 wt %, and an ethylene unit content of 33 wt %. The results are
shown in Table 1.
[0182] Comparative Example 2
Polymerization Step I (polypropylene homopolymerization using slurry
polymerization reactor)

Propylene homopolymerization was carried out in the same way
as in Polymerization Step I of Example 11.
[0183] Polymerization Step II (propylene homopolymerization by
fluidized bed reactor (gas phase polymerization))

A slurry containing polypropylene particles and liquid propylene
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directly fed into a 163-liter Bessel-type slurry

pol yner reaction equi pped with a stirrer and nade of
SUS 304 stainless steel, and propyl ene
honopol yneri zati on was carried out w thout
interruption. The reaction conditions were as foll ows.
10Pol yneri zation tenperature: 76C Stirring rate: 150
rpmLiquid level in reactor: 44 L Propyl ene feed rate:
10 kg/ h Hydrogen feed rate: 50 NL/h 15Pol yneri zati on
pressure: 4.0 MPa (gauge pressure) [0196] In this
reactor, the slurry had a nean residence tine of 0.68

hour t; f ‘] j
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pol ypropyl ene particles had an intrinsic viscoSity of
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P

r eac¥oBtijuously fed from ti bpitomyelkihe feactor.c| Adtlwidizedrhed was
SR L a0 S LA e L0 L0 eaor
isg%%éﬁog?n Qvlﬁl%aﬁﬁrg{nguéfc%sé gaf Rl MS'ﬁrﬂléaptrE&ﬂresggfstant.
C harngii§ sdaoffr Hadane ReFRaTh@RGRIHAS HNFuiR[ RN actor used

honopol yneri zati on was carried out I n the sane way as
in b dedyfetiyator Sadp Oh oSt@PmpardtivedEydimepliez &t | The reaction
te n’pé(e)ggitﬁlz)gls :we?eg gs follows.

Polymerization temperature: 80°C

Polymerization pressure: 1.8 MPa (gauge pressure)

Circulating gas flow rate: 140 m*h

Propylene feed rate: 20 kg/h

Hydrogen feed rate: 1,150 NL/h

Hold-up: 46 kg

[0184] In this reactor, the polypropylene particles discharged had an

intrinsic viscosity of 0.91 dl/g. The polymerization activity in this

polymerization step was 12,900 g/g, which was low compared to

Polymerization Step II of Example 11.

[0185] Polymerization Step III (propylene-ethylene copolymerization

with fluidized bed reactor (gas phase polymerization))

Polypropylene particles obtained from Polymerization Step II
above were fed to a reactor having the same construction as the
fluidized bed reactor used in Polymerization Step III of Example 11.
Aside from setting the hold-up of the polymer particles to 65 kg,

propylene and ethylene copolymerization was carried out in the
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Propyl ene feed rate: 0 kg/h 5Hydrogen feed rate: O
NL/ h Pol yneri zati on pressure: 3.8 MPa (gauge pressure)
[0198] In this reactor, the slurry had a nmean

resi dence tinme of 0.61 hour, and the rate of

pol ypropyl ene particle di scharge was 15.0 kg/h. The
pol yneri zation activity in this polynerization step
was 4,900 g/g. 10The resulting pol ypropyl ene particles
had an intrinsic viscosity of 0.92 dl/g. [0199]

Pol yneri zation Step H (propyl ene-ethyl ene
copol yneri zation with spouted bed reactor (gas phase

ol YBESIAA! | ) RoIERIBRARY | SHRCRAr (o LRS, IRk NS, e
et P SIymeRiaibly SO of PRERpILA I 0 @ reactor having

the sa construction as t spout ed bed reactor used

i n HOBEPIn &b iredttSit € pblydhertpuivles hil a hbad RéstdtR¥ time
a spouted bed was forned in each of the top and bottom
r eaceli DA trames, The patidherdizatidroasthiighirt s polymerization step
copol yneri zati on of prop?/I ene and et hyl ene was carried

out W& >34k 88 ekt sopplypatry pewponenicprsaenti il dee wedulting
o SRRl S BB SRR A PN e of
(oo R e PR ol e o
shown in Table 1.
[0187] Comparative Example 3
Polymerization Step I (polypropylene homopolymerization using slurry
polymerization reactor)

Propylene homopolymerization was carried out in the same way
as in Polymerization Step I of Example 12.

[0188] Polymerization Step II (propylene homopolymerization by
fluidized bed reactor (gas phase polymerization))

A slurry containing polypropylene particles and liquid propylene
was fed intermittently from the slurry polymerization reactor of the
previous stage to the fluidized bed reactor as a plurality of divided
portions, in addition to which propylene and hydrogen were
continuously fed from the bottom of the reactor. A fluidized bed was
thereby formed within the reactor, and propylene homopolymerization
was carried out while purging excess gas to hold the pressure constant.
This reactor had the same construction as the fluidized bed reactor used
in Polymerization Step II of Comparative Example 1. The reaction
conditions were as follows.

Polymerization temperature:  70°C
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25Propyl ene feed rate: 25 kg/h Ethylene feed rate:
10.3 kg/h Hydrogen feed rate: 85 NL/h Hol d-up: 55 kg
(top stage, 27.5 kg; bottom stage, 27.5 kg). [0200]
In this reactor, the polynmer particles had a nean
residence time of 2.8 hours, and the concentration
rati os of the gases within the reactor 5 were as

foll ows: ethyl ene/ (propyl ene + ethylene), 27 nol %
(hydrogen/ (hydrogen + propyl ene + ethylene), 0.67 np
% The polynmer particle discharge rate was 17.8 g/ h.
The polynerization activity in this polynerization

t 2,890 g/q. Th t included
" Polhsrohor st 0.5 M Wlike FRERORAL' " °
10i I s ' Y] 789, Wg, f 15.7
101 Pl IEhE Q4 FEAPkRY: Olany W, 3 content of 19,7
resp}dpg,légeefeéa]%; inokg e 2. [0201] Table 2 Unit
1

Exanpl' é

Hydrogen feed rate: 1,360 NL/h
Hold-up: 57kg

[0189] In this reactor, the polypropylene particles discharged had an
intrinsic viscosity of 0.93 dl/g. The polymerization activity in this
polymerization step was 14,200 g/g, which was low compared to
Polymerization Step II of Example 12.
[0190] Polymerization Step III (propylene-cthylene copolymerization
with fluidized bed reactor (gas phase polymerization))

Polypropylene particles obtained from Polymerization Step 11

above were fed to a reactor having the same construction as the

fluidized bed reactor used in Polymerization Step I of Example 10.
Aside from setting the hold-up of the polymer particles to 65 ke,
propylene and ethylene copolymerization was carried out in the
presence of polypropylene particles in the same way as in

Polymerization Step III of Example 12.

[0191] In this reactor, the polymer particles had a mean residence time
of 3.4 hours. The polymerization activity in this polymerization step
was 10,500 g/g. The copolymer component present in the resulting
polymer particles had an intrinsic viscosity of 4.20 dl/g, a content of
27.9 wt %, and an ethylene unit content of 33 wt %. The results are

shown in Table 1.

{0192] Table 1
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Pol yneri zation Step 1-1 Pol ynerization activity g/g
3,770 Intrinsic viscosity [fflpi.i dl/g 0.92
Pol yneri zation Step 1-2 Pol ynerization activity g/g

6,830 Intrinsic viscosity [rdpi_2 dUg

Unit EX 10 lCE 1 [EX11 ,CEZ EX 12 ]CE3
Polymerization |Polymerization activity  |g/g 4,790 11,200 8,710
Step I Intrinsic viscosity [n)p, {dlg 0.93 0.92 0.9
‘Temperature °C 80 80 80 80 70 70
Polymerization [Polymerization activity  [g/g 21,900 116,600 {13,600 112,900 115,300 {14,200
Step 1l Intrinsic viscosity [nl,, g 093 (0% (oo 091 1097 1093
Temperature °C 80 30 80 80 70 70
Polymerization activity  |g/g 10,300 [7,040 [8,470 |7.540 [10,800 10,500
Polymerization {Copolymer component  [wt % 27.9 126.1 {254 244 |309 279
content Fpp
Step Il Intrinsic viscosity [nlg _ [dVg 408 |36 495 [411 [43 |42
Ethylene unit content Bg, {wt % 33 33 18 32 32 33
Evalvation of |[Intrinsic viscosity di/g 1.81 |1.65 |194 |té9 [1.72 [1.81
final polymer [Ethylene unit content wt % 9.1 2.6 95 7.9 10 9.3
Fisheye count count/100 cra®  |3,648 4,739 |2315 {2,866 |879 2,392

[0193] Example 13
Polymerization Step I-1 (propylene homopolymerization using slurry
polymerization reaction)

Aside from changing the following reaction conditions,
propylene homopolymerization was carried out in the same way as in
Polymerization Step I of Example 10.

Polymerization temperature: 78°C

Propylene feed rate: 20 kg/h

Hydrogen feed rate: 169 NL/h

Triethylaluminum feed rate:  39.9 mmol/h
Cyclohexylethyldimethoxysilane feed rate: 5.7 mmol/h
Prepolymerization catalyst component slurry feed rate (polymerization
catalyst component basis): 0.968 g/h

Polymerization pressure: 4.5 MPa (gauge pressure)

[0194] In this reactor, the shury had a mean residence time of 0.31
hour, and the rate at which the polypropylene particles were discharged

was 3.65 kg/h.  The polymerization activity in this polymerization step
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0.92 Polynerization Step 1-3 Polynerization activity
g/g 4,900 Intrinsic viscosity [11]p1-3 dl/g 0.92
Pol yneri zation Step |1l Polynerization activity g/g
2,890 Copol ynmer conponent content EEp

was 3,770 g/g. The polypropylene particles thus obtained had an
intrinsic viscosity of 0.92 dl/g.
[0195] Polymerization Step I-2 (propylene homopolymerization using
slurry polymerization reactor)

The slurry discharged from the reactor in the previous stage was
directly fed into a 163-liter Bessel-type slurry polymer reaction
equipped with a stirrer and made of SUS 304 stainless steel, and
propylene homopolymerization was carried out without interruption.
The reaction conditions were as follows.

Polymerization temperature: 76°C

Stirring rate: 150 rpm

Liquid level in reactor: 44 L

Propylene feed rate: 10 kg/h

Hydrogen feed rate: 50 NL/h

Polymerization pressure: 4.0 MPa (gauge pressure)

[0196] In this reactor, the slurry had a mean residence time of 0.68
hour, and the rate of polypropylene particle discharge was 10.3 kg/h.
The polymerization activity in this polymerization step was 6,830 g/g.
The resulting polypropylene particles had an intrinsic viscosity of 0.92
dl/g.

[0197] Polymerization Step 1-3 (propylene homopolymerization using
slurry polymerization reactor)

The propylene particles obtained in above Polymerization Step
I-2 were fed to a reactor having the same construction as the slurry
polymerization reactor used in Polymerization Step [-2. Aside from

changing  the following reaction  conditions, propylene
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wt

% 15.7 Intrinsic viscosity [n]EP dl/g 3.79

Et hyl ene unit content EEp VWE % 35.7 Eval uation of
final polynmer Intrinsic viscosity dl/g 1.37

homopolymerization was carried out in the same way as in above
Polymerization Step 1-2.

Polymerization temperature: 69°C

Propylene feed rate: 0 kg/h

Hydrogen feed rate: 0 NL/h

Polymerization pressure: 3.8 MPa (gauge pressure)

[0198] In this reactor, the slurry had a mean residence time of 0.61
hour, and the rate of polypropylene particle discharge was 15.0 kg/h.
The polymerization activity in this poiymerization step was 4,900 g/g.
The resulting polypropylene particles had an intrinsic viscosity of 0.92
dli/g.

[0199] Polymerization Step LI (propylene-ethylene copolymerization
with spouted bed reactor (gas phase polymerization))

Polypropylene particles obtained from Polymerization Step I-3
above, and also propylene, ethylene and hydrogen, were fed to a reactor
having the same construction as the spouted bed reactor used in
Polymerization Step Il of Example 10. In this way, a spouted bed was
formed in each of the top and bottom reaction zones, in addition to
which the copolymerization of propylene and ethylene was carried out
in the presence of polypropylene particles while purging excess gas to
keep the pressure constant. The reaction conditions were as follows.
Polymerization temperature: 70°C
Polymerization pressure: 1.4 MPa (gauge pressure)

Circulating gas flow rate: 150 m’/h
Propylene feed rate: 25 kg/h
Ethylene feed rate:  10.3 kg/h
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Et hyl ene unit content wt %5.6 WHAT IS CLAIMED I S:
1. A polyolefin production system conpri sing:

an olefin pre-reactor for polynerizing olefin in the
presence of an ol efin polynerization catal yst and
form ng pol yolefin 5particles; and a
spout ed bed-type ol efin polynerization reactor
connected as a subsequent stage to the olefin

pre-reactor, wherei n the spouted bed-type
ol efin polynerization reactor conprises: 10a cylinder
whi cliHwirbgédfecd estet C85NL/hand a decreasing

di anet er nmenber which is formed on the cylinder, has

an i dialdaipdi dxddigettop bage.dbth kgskattam stages27.6 &ig).
downward, and has a gas inlet orifjc t a bottom end.

t her $8400] Waatowgaﬂﬂe&fra%ropm‘gclpé @ JRan gesigence time

2598 RS, rk 0 S Al DS A By

5 the @drd NEETHABANE T BfIGRIGRSyIhe! ! AMBHenE, ™8 -mol %;

10

(hydrogen/(hydrogen + propylene + ethylene), 0.67 mol %. The
polymer particle discharge rate was 17.8 g/h. The polymerization
activity in this polymerization step was 2,890 g/g. The copolymer
component included in the polymer particles thus obtained had an
intrinsic viscosity of 3.79 dl/g, a content of 15.7 wt %, and an ethylene
unit content of 35.7 wt %. The results are shown in Table 2.

[0201]

Table 2
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2. The polyol efin production system of claim1,

wherein the olefin polynerization reactor

h

as a

plurality of the reaction zones 20and wherein

pol yol efin particles pass sequentially through the

3. A polyol efin production
process which conprises carrying out nultistage olefin
pol ynmeri zati on using the polyol efin production system
of claiml1l or 2. 254.The pol yol efi n producti on process
of claim3, wherein the olefin pre-reactor is a bulk

reacti on zones.
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Intrinsic viscosity

dlg

1.37
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Ethylene unit content

wt %

5.6
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WHAT IS CLAIMED IS:

1. A polyolefin production system comprising;

an olefin pre-reactor for polymerizing olefin in the
presence of an olefin polymerization catalyst and forming polyolefin
particles; and

a spouted bed-type olefin polymerization reactor
connected as a subsequent stage to the olefin pre-reactor,

wherein the spouted bed-type olefin polymerization
reactor comprises:

a cylinder which extends vertically; and

a decreasing diameter member which is formed on the
cylinder, has an inside diameter that decreases progressively
downward, and has a gas inlet orifice at a bottom end thereof,

wherein a spouted bed is formed inside a reaction zone
enclosed by an inside surface of the decreasing diameter member and
an inside surface of the cylinder above the decreasing diameter
member.

2. The polyolefin production system of claim 1, wherein
the olefin polymerization reactor has a plurality of the reaction zones
and wherein polyolefin particles pass sequentially through the
reaction zones.

3. A polyolefin production process which comprises
carrying out multistage olefin polymerization using the polyolefin
production system of claim 1 or 2.

4. The polyolefin production process of claim 3, wherein

the olefin pre-reactor is a bulk polymerization reactor, and the process
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further comprises the step of feeding a slurry containing polyolefin
particles and liquid olefin from the bulk polymerization reactor to the
olefin polymerization reactor,

the slurry being fed to the olefin polymerization
reactor in such a manner that, in the reaction zone within the olefin
polymerization reactor, the liquid olefin present in the slurry has a
superficial velocity following gasification which does not exceed a
minimum fluidization velocity of the polyolefin particles held in the
reaction zone.

5. The polyolefin production process of claim 3, wherein
the olefin pre-reactor is a bulk polymerization reactor, and the process
further comprises the step of feeding a slurry containing polyolefin
particles and liquid olefin from the bulk polymerization reactor to the
olefin polymerization reactor,

the slurry being fed to the olefin polymerization
reactor from a higher position than a powder level of the spouted bed
that is formed in the reaction zone within the olefin polymerization

reactor,
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