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TI TLE OF THE | NVENTI ON OLEFI N POLYMERI ZATI ON REACTOR,
POLYCLEFI N PRODUCTI ON SYSTEM AND POLYCLEFI N
PRODUCTI ON  PROCESS 5 BACKGROUND OF THE | NVENTI ON
Field of the Invention [0001] The present invention
relates to an ol efin polynerization reactor which
uses a spouted bed, to a polyolefin production system
whi ch uses a spouted bed, and to a process for
produci ng pol yol efins such as 10 pol yet hyl ene and

pol ypr opyl ene using such a reactor or system Related
Bacﬁﬂ_‘&%@&ﬁ[ INTEDRE i n pol ymeri zation reactors

whi gﬂc]gqﬁrrer' Wa vessel and in the presence
of FOY yst | : ner REACTORas a PQJREOLEFIN
i qu ar, po et Lcl.e

to FROBRIC NS T AR ROl POL EEBN " SfloBUCTHEN
pol yR@fERgparticl es approach a conpletely m xed

state, as a result of which there is a tendency for a

shoBAQHUGROUNBORTHICINVENTIONI scharge of particles

that have not grown To a sufficient size to arise or

f or Feeldof theehviehtibn have grown too large to accunul ate
w thin the vessel. 20 [0003] In such cases, the forned

par {0Q01dsThmpresentjpuentinn refates to an olefingpolimgriz@idrereactor
probl.ens that tend to,arise include higher catalyst
cos @&Hﬁ%ﬁ&%&%@%ﬁe@ H‘%X&Hﬁﬁé’,m ongygiem ¥SES

o1 b S SRS R CEa' Bpfog, BT S, PR ) o

ti : c =) : e
ot chor eIl B lch RAROPBE WHED, T,
zonBslatédBeckigbund Wirf h conpl ete mi xi ng, when the

polynerization of different lots is 1
{0002] Olefin polymerization reactors which polymerize, within a

vessel and in the presence of a catalyst, an olefin monomer fed in as a
gas or liquid to form granular polyolefin particles are known to the art.
However, in a single 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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carried out by varying the polynerization conditions,
because it takes tinme to conpletely discharge from

- the vessel the polyolefin particles that were

pol yneri zed prior to the change in conditions, a |arge
amount of off-specification product ends up form ng.
One conceivable way to 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 pment costs associated with

conrigegriee gub byl nigt thegpolymacizatien iconditiens,elsecanse it takes
consj der.abl e. [Oooﬂi, Accordingly, there exists a .
desit¥Betty eumpleiely disshasagefrome dhei@pese! the polyalefin particles
di Stt['li bution ,and .achi eve pl.ug flow.in a, sin

I
" cadhah Verg RolXMmerzad proL 16 Hechangr i Copditionsd aage amount

U2 SESRISRE RN RO AR, M cobidRR e o
PCT deabigtaitii prdilem28Q8-oahddla plﬁgﬁgﬂg &&ﬁindo%‘g‘@t { SHifed

in which particles are m xed by ne a spout

bed raactorsl incekino v a§ wereate)bvétﬁll@@ﬂg|ﬂi)w anenes However,
Transl ation of PCT Application No. 2002-520426,

Eur dhe gauipment costa assasfated mithl ¢anmecting Apluraiaafi@actors in
Japanese Pat ent plication Laid-open No. S

58- S¢H9%are copsiderble.pat ent Application Lai d- open No.

S5 apanese .Trans| ati on, of. PCT .
ropt0 5 Ao Rnal 80 R18 a6 A sl uf iy aiereavger residence
| NVEEHTE ; P

INVENIL @NEORGSH SE0RARve i BDACGES AheRoHGHor, Known
zonesampilesfoff st réadtbisiindludethede déictibed RPPheanPablication
direction, requires that stirring paddles or the |ike

be Po\ZekS@1%i LhSn Pateat Ness215009hiandr lapahéss Translation eof
construction, in_addition to 25 which a

o BCE i alicagpnctier gpoRs Yl r u Adgitiony| wapwrs e which
PR D PR i b S S0 kTR ke
example, Japanese Translation of PCT Application No. 2002-520426,
European Patent Laid-open Publication No. 1484343, Japanese Patent
Application Laid-open No. S 58-216735, Japanese Patent Application
Laid-open No. S 59-42039, and Japanese Translation of PCT
Application No. 2002-515516).
SUMMARY OF THE INVENTION
[0005] However, the process of Patent Publication No. 2675919, in

which a plurality of zones are formed within a vessel in the horizontal
direction, requires that stirring paddles or the like be provided within the
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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beds are connected in series in the vertica

direction, the need to provide a freeboard at each
stage may result in an enornous reactor height. In
Japanese Transl ation of PCT Application No.

2002- 537420, which <carries out polynerization in a
single pass within a tubular reactor, the 5 tube nust
be made extrenely long to achieve a sufficient
residence tinme. [0006] Wth circulating fluidized bed
reactors |i ke those described in Japanese Transl ation

of Meds Arpédrartiedin Nerie?P0Be 328H0sb daBetio WhoReA o provide
Pat ent Lai d-open Publication No. 1484343, each

pol ydireftioard 6t grechtstageemag restled an enormdustreactod héight. In
the reactor, making it difficult to renove g?:)J, olefin

par vaRAnese f Frgnslatien upl PGH Applicagion) Bp. 21223 7420e nwhich

the residence,tinme distribution cannot. be nar,rowed,
e caffds G AR BERZAAR, Itoh SINge pRrEain S AR Eactor, the

Pat ,ﬁggl'ia' | d- .. $.58- 216735, .
J apgﬂsees e atbgen fd“ﬁg p#ﬁ%:eg??lg ﬁl%ﬂg:\% %%5%%@ &gﬁ%gnt residence
59- 4539 and Japanese Transl ation of PCT Application
No. 2002- 515516 do not necessarily require gas

di spensslowith aireslatihg tfhiittiecé tddesacterd tikerthose tedcribed in
i nprovenent in terns of volune efficiency and pressure
| osdapdnes® 7 ranslationt todr #COF eApplicatjcactNof 2002-320426ntand
invention tQ provide an _20 ol efin palynerizatjon

" caktipPeay BatenaLaid-aper, Pbligation: Nt 1484347 cashpolyolefin

oo PRI ke e, R SHE Pl GG Yl o
| . t ( > 1O Pl ;

PP EfneLe Mgt BRI S Ithe unil K BB b manner.

r ediemck hahe NeSIdILRS Rirhé Nis@ithiltiohDBAARN. bé Adifdh&]. The

object of the invention is to 25 provide a pol yolefin

pr odluidized bed aeastersmieschibed da apahesenPaibwmtf Application Laid-

23 L%g%& il‘i(?.té OS%—ZrIe6a7%t5? &a]())e{negg ! a?én?fji&];]plgcratoicd)gCI_t,ai.ig-r(])pen No. S
59-42039 and Japanese Translation of PCT Application No. 2002-
515516 do not necessarily require gas dispersion plates, but there does
exist room for improvement in terms of volume efficiency and pressure
loss.
[0007] 1t is therefore an object of the present invention to provide an
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 prodﬁction system.
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[0008] The ol efin polynerization reactor according to

a first aspect of the invention includes a cylinder

whi ch extends vertically and a decreasing di aneter
menber which is formed on the cylinder, has an inside
di aneter that decreases progressively downward, and

has a gas 5 inlet orifice at a bottomend thereof. A
spouted bed is fornmed inside a reaction zone encl osed
by an inside surface of the decreasing dianeter

menber and an inside surface of the cylinder above the
dec {GG0S] rithe diefinepe ymeeiahtion r¢ddbidccordihgeo apfiest aspect of
bed-type ol efin polynerization reactor of the 10

i nvém utwcntmm @mcdﬂdw @orwhndﬁm gvlgals ¢temdsd overticallyownd a

rd at. a vel o from aS|nIet ori
at ﬁ@eﬁ%{lg ﬁt&r e %r bighelss qagle o%ﬁ%q Ethﬂéfﬁbb

d. h h
ot A Sl laP Sieé%g%éwr?wsws& deypward png has.e gos
par {ef &%ﬁ&gé’aﬂ aS bRoSerndthBRDs, %'Bi’ed b i@fgﬁﬁéd 1n31de a
spout ed |n t he reactlon zone. use er el

15 réHeeibh Y8nddclosed &F<ant MsilePsirface |of tﬁ@ desfeatifig dlameter
characterized by the "circul atory novenent of

par texhbes, anwh an einsidehauréckoofrthe icylinderasbowe thebdecreasing
conmposed of pol yol efi n particles (sonetines referred
to ﬂwla@eﬂ@ieﬁpl y parti cl es") and under the action

or| ﬁ@ H}gcont al‘F sth%tOIE)Y(L!ﬁ?tR )ﬁljﬂe ag@pn:ggéctg of the
dl | nﬁg E&il?gum:ﬁ'l%p& gﬁg 19'?11 §,| g@%ﬁ atagl}ﬁgh

€ Cy & nder an par upwar

t ogeelaer Widih the §a8aslet @ﬁﬁcetatm@béﬁaﬁ EAdTBf ke HEcreasing
al so forrrs at the periphery of the spout an annul ar

st r diameter mbmber and irto @l reactfonl torienthat halds ngtabaticsttalning
under_ the influence of gravity. [0010] A portion of

t hepelyetedirc partiglesi angl wherena panti¢le tedown toHze @amedzfshereby
| f f h d

par (NG o FPORRE Pob WL el RACHPRT GEs | BF JiseR dherein

portf o dell® R B & %%9&518“’5&9 e AU AL rizéh 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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structure. The solid-gas contact between the

ol efin-contai ning gas and polyolefin particles in

this way allows the polyolefmparticles to grow

t hrough ol efin polynerization within the reaction

zone. [0011] Cenerally, when conpared with a fluidized
bed, a spouted bed is 5 known to be capable of

exhi biting an excellent performance in terns of

pressure | oss and, owing to circulatory novenent of

the particles, to give rise to m xing which sonmewhat
appIsErat e, e ST sélid-EasvcontABEha(veb® thedble RVt A as and
the spouted bed-type ol efin polynerization reacto

acc potifaiefin patticlespmethes wayralbows tie pslydlefin pdrticles togtew
the 10 reS| dence tine di strl buti on of particles in the
r eadltioysh plafn P@Vﬁtﬁ’»\m@ﬂtlom Mathin theprepetiomzene: eact or s

di zed b
t hadOQFrCRbarEly Ehen Fempmrenn ”°&P§&gs$ﬁﬁ®”a2§n%%¢équed s
t hat
- cqune 3 o e B oot T Bt ol ilivaanas imRims of
a fws@mzeeﬁm@%dabw%%'%%mat hhoRRfriehf of hd pafillled) %0
fluidized at a | ower gas velocity 1 n a spouted
t hagiven rse ftouirtlxdmgl bedch [ SheWhdheappretiiiates plug flow.

pol yneri zati on reactor according to a second aspect
of illherdforee aniasivantage wddbe apoyted risbertyphioddfire polymstization
vertlcally, a decreasi ng di aneter nmenber which is
f or Gt a¢qeading) 1o dbe  prEsent aiventiom Jp dbaﬁmareen emake sthe

or 1 TRaee YRR AR QB e rRagich doos nafoatss

. g i 3R ], AGEESA B Rt

ecreasirig

di amﬁﬁag'&x@’ftﬁét vlih Adlativedy U806 pb )%‘Péfup{)mh'@.&swltﬁ §198¢ on

above the decreasing di aneter nerber hat faces the
gasthenbaler oofi f¢veeal nnﬂmﬂﬁemhthah waddareqoirt si dery high gas
di anet er that | ncr eases &r essively downward, is

cl o¥elgcHy far ﬂ@fsi@mmt inca &w zeghbed apo prastucedosush particles

s s&a%e I?hzed at a lower gas velocity in a spouted bed than in a
fluidized bed.
[0012] The olefin polymerization reactor according to a second aspect
of the invention includes a cylinder which extends vertically; 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; and a deflector which is disposed at
a position, within 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, that 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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froman inside wall of the cylinder. [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 invention,

di sposi ng a defl ector above the reaction zone enabl es
the scattering of spouted particles to be suppressed.
As a result, the freeboard zone can be shortened,
maki ng it p033|ble to achi eve a higher volune

ef f ifnean ynsidewallofahd tylinered bed reactor. [0014] It
i's preferable for the olefin polynerization reactors
of {PR13]1n isveonveotiona Hhidizadpibeddype yreactarhea constant
reacti particles to pass

ones and ol yo] ef
squ@ﬁgﬁ)a&él %P%F’Hﬁbﬁ?etsr‘?gmfe}éa’é’t p rztSn%}H’Prﬁsommﬁ@ scatter.

or LR % o Heae BRESHing 1 PR S5B5H sbedtnt Sgrtent
to hevenfieh, B B g' g &ﬂ%@t’o}'é%lvert%’ 24 orI ?Bné t1=§1ables the

pol yol efin pa es to pass sequentia

uppscattegingt bb rspdhtedopartictesatd e Fsu;ﬁ;ﬁ‘éﬁetlo n AZSP e reﬁYt the
providing a plurality of reaction "zones and

mul ﬁieebﬁaaglznge che be shottenked) enisking fteposstbile enachiever® higher
distrjbutign for the particles can be made
suf ¥9 ? ieqyythan w Buidized begsreaetosr i bed above, a

U A S, SO Al et o e
o1 nargndD 13 B PR 0L R e P med B ?'P%Zﬁﬁs%n

W t Barbicededo n y thRgh Haa
fl u?dl zced beggss [O fSI?QIqt IS preglgrgég?go%htb F’ﬁ%n?

pol staedpaint oDsaviegspave iprthe irdsdor, \id isfhveﬁ&ndﬁspﬂ’eféi@ﬂe for
abo‘\gEF a pI urality of reaction zones in series and 25
havih§PlrAlty @f seagtion zanep do beteachdoomad ama Yeastical row and

e AR L U
zone to a lower reaction zone. By providing a plurality of reaction
zones and multi-staging the spouted beds, the residence time
distribution for the particles can be made sufficiently small. Moreover,
as described above, a spouted bed differs from a conventional fluidized
bed in that it gives rise to mixing which somewhat approximates plug
flow. As a result, the residence time distribution can be narrowed to a
similar degree with a smaller number of stages than by multi-staging
fluidized beds.

[0015] It is preferable for the olefin polymerization reactor provided
with, as described above, a plurality of reaction zones in series and

having multiple spouted beds to have means for transferring polyolefin

particles from an upstream-side reaction zone to a downstream-side
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reacti on zone. An ejector systemmay be used as this
transferring neans. The transferring neans preferably
includes a particle renoving line for renoving

pol yolefin particles fromthe upstreamside reaction
zone, an ejector provided on the particle renoving

line, and a particle 5 feeding line for feeding

pol yol efin particles fromthe ejector to the
downstream si de reacti on zoné. |In cases where an
ejector systemis wused, it is even nore preferable

f or reavéionr zonet erAn rRjeciensystem fman berusednas dbis @ansferring

on-of f val provided at an interpedi ate positi.on on .,

t he MGFRF¢ | ﬁé Wﬁ%ﬁ%m‘?&% Pf“gﬁ‘a‘li’y ’d’&@“ﬁé Shaticleirpoving
whi ¢h _conmuni cat es wi 10 the partigle ving_line.
on He RS Pieciodbledio’ BariClesEi s e SR e fon
on- V., el (FaTolo] :
¢ AP R L UEcRbrb R dh HRSphicR RERVing 1RRTR o paricle
an feddngaiRnfor fdeditt Ppolyckfid HRrteledfroniathécei@bidr ttaethe
ej ector can be adequately prevented. [0016] It is also
pos diobinstream-side o¢aetion zmmiey ménicases shereantgectbngystgmais
15 plurality of reaction zones fornmed in a vertical

r owused 16dgievgn mmete prederableofarcesansiemingnmegay to durther

direction, to enploy as th ransferring,. neans.a
dondBNR 2nSt-ok velve; Rrovitssl af dbsiierBugia desgion on the
sys [ .
oYt ASariRE e i et e N on iR wic
pol yipd P&mw?&lﬁéﬁh YirfeCrf Bbih i qgs@éhn; QidéPsid 8 ¥Pviisti8am
upper teaction zoné to a downstreamside reaction
zoneide ¢f0G¢ dn-off valve and deddsvegaerc pmvent Elogging within the

preferable for the decreasing _ dianmeter nmenber to have
an pagicie stmpvingiling. | ddy leotplexingtsuechiansamangemant aclegging

el SN Porlpental, shlch b Lange Loy an

0 P SRR s SRR RADHROA rR R o

?as}ﬁhirgliﬁ%ﬂ‘ FRUchidE 26,53 FORNEE ih b Veral rbiviid Biving mdifiple
spouted beds in the vertical direction, to employ as the transferring
means a downcomer instead of the above-described ejector system.
The downcomer is situated so as to pass through the decreasing
diameter member, and allows polyolefin particles to fall from an
upstream-side upper reaction zone to a downstream-side reaction zone.
[0017] In the inventive reactor, it is preferable for the decreasing
diameter member to have an angle of inclination between the inside
surface thereof and the horizontal, which is larger than an angle of
repose for the polyolefin particles within the reaction zone. This

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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especially preferable for the decreasing dianeter

menber to have an angle of inclination between the

i nside surface thereof and the horizontal, which is

an angle at which all of the polyolefin particles
within the reaction zone can be gravitationally

di scharged. In this 5 case, novenent of the polyolefin
particl es becones especially snmooth. [0018] Also, the
rati o dA/ dB between the orifice dianeter dA of the gas
inlet orifice and the c Ilnder inside dianmeter dB is

pr efSPagielly prg r%hlelfés J8rregsing; @lametfan@@mévnr to have an

havi T80t pafBRe e 'F‘?%mo;tb?oﬁltS? et aBira ABflethe
' h

}gvgnt I've regghgléH 1i‘J’f afr*gtle 4 lglg?d?)l?gt ghelhﬁ\(?é' OZ#%RG{%CIES

of ivaRthinn e %hcﬁ%h"‘@(ﬁfé éh Q:lét %ir‘ﬂ?a Hﬁzﬁl disc H@?Of 1A s

the horizontal, which is larg angeo

r epamse,imoverhére qfahe pbotefiapdrticles Sben\m;rhbs &spebially smooth.
reaction zone. This discourages polyolefin particles

fr or{{)@w]cl@lmg the ratired gldi Ibetwesn thietoréliceedianieteri d,, @bthe gas

pre abI for .the def] ector to have an outsi desurface

£ s cgpagdhe cy nsideedigamejen di is prefeshly: 0i 3nor les.
di th { t
.‘”nS 8‘?87%% ﬁ%ﬁ%@bﬁ%ﬂgﬁa BuetE; R R atioBatiomably sgonsd bed
th t f
g S S S S vt
par (EOOIQE]SM\AaHBItfbnt hie i& egefdratbleZRN ¢he @vemﬁrepf@a}ffﬂrefdp the
production nethod of the invention may include the

st egleflottor dnt haveoars langlec ofl iimgjimatiohi bettveen @ otwidensurface
pol yneri zation reactor and at the sane tine

contth¢rget,andg %hﬁvﬂ?@a’a Vd§§ d®fargemthag amaegletafdrepose for
P et o mel R Soetlen Wlib B etipRcrane:  This Pecourages
o G EETIG, o8 5 Tl VR

! RS bt n A i o
[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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portion of the spouted bed forned within the reaction
zone. This nakes it possible to utilize the |atent
heat of vaporization of the condensate, enabling heat
renmoval fromthe olefin polynerization reactor by the
condensate to be carried out efficiently. Mreover, in
5 cases where the ol efin polynerization reactor has a
defl ector, the condensate nay be fed to a bottom
portion of the deflector. This has the advantage of
enabling a condensate feeding line to be installed

usi PEruQn jof ghe oipoutesl bed | foemed. withop the Thactionl goneef i This
D BHAe ) R GHE | RoRlies e 91071 hep el Mepedtionopf the
| | 7] in in th f lefin . .
Pol SOBSEAED coBbfibd Mol Kolfo T BRG e BB cplynterization
par téaetdiShy ﬂ@cbﬁkfer@?t@vt%'g@t%ﬁ.léﬂéaegutoéﬁfd&mi o Moreover, in

pol ymeri zdtion reactor o I nventron

conosssedhate the Wsfen Ysslymetiastior Geadibr Hakeh i deflector, the

pre-reactor. 15 [0022] e pol yol efin production

pr ocerdensitetihay bafedtto anbattom ipestionof theideflsdttage This has
t he above-descri bed

olefin%gfolénerizatipn usi n Ve- | 0 .
pol {5 asvantagp of enahlinga sordessatsiieeding line émbe dmstalledbusing
bul k.p rizatjon reactor is enployed as the olefin
pr e?ﬂlggefg%,detztﬁg{%ol yol ef m production nethod of the
i nv i r FohY o St f feedi a
s| qu_ruyzllggr co?t:)l;ironl ng ﬂ&@fﬂ;}%@fusﬁ{%‘&‘r tal‘e“'g?@éngaﬁa V?tg angther
ol ehipect HPMd HeRtibK indlQdes" B bl PRR-fe8dor br belt))rﬁb?izing
ol efin polymerization reactor. In is case, It Is
desolefibl ia thempreseaces bfianolefin pelymestizationheitay&fdnd forming
pol ymerization reactor in such a manner that, in the
r ea@lysletino partiglesni and ithe chovierdespobgdrenté fimt palpmerization
react 0{9, & e Iigu{.’d ol.efin present in the sl urréghas a
25 KAt Of dasinvgatior Mhich & saperigd fas subsaquesth sige da the
doe > a mnimmfluidization velocity of
theélr?g]ﬂi%g)é%a%ﬁ&barti cles held inthe 9
[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
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reaction zone. Alternatively, it is desirable for the
slurry to be fed into the olefin polynerization

reactor froma higher position than a powder |[|evel of
the spouted bed that is formed in the reaction zone
within the olefin polynerization reactor. By setting
the slurry feed rate or feed 5 position in the
foregoi ng manner, the flow state of the spouted bed

can be fully prevented from becom ng unstable with
gasification of the liquid olefin. The "superfici al

vel geadtich zdnet heAltérnativklp| iefs desirableofuir tige slgasi thiteafeddnto
referred to herein is the value obtained by convertin

t he tha @lefs1 pekymerizatipnweacierfrom a Hégherqeisition anm pewder

o Bl 60 e ey o T o
I : - [ I f, th lef

o TP B BT A b T e
The Toraoi e DATRLE aflbakife Sl RAE dr 0l dpoiiited can

al t heufifily prevhted Goad! tREominaUNRMbIE Yl BaSifichfiBn of the
distribution to be achieved. As a result, when an

ol eftiquigholefimer i s continuously produced, it is
possi bl e to produce pol yner. havi ng an_excel | ent:

st ruct ur afh@ini'ruperfieipl  velocigddiefi dhe t Hquid ciefinl foltowing
repl ac t in.the reactor. wth changes i 20 t he,

or odaaDcanon sRErEAdRdTTEnische valpEebmmedbr RoBkEERg the
THE ' : ] LEW O .
IHE ARG b ding iSEATBh Sed EWelo B8 ppfymerization
ac C Q&Abdtotol Met ViuRERREbw AYE M lidWing FasifatiSn 24hd dividing
enl arged schematic cross-sectional view of the 25

ol efthen lattdrybe rthe arosssectiendloared0A o thd Glefin pblynerigtion

schenmatic view of another embodi ment of the 10

reactor cylinder (A = nD“/4, where D is the inside diameter of the
cylinder). |

[0023] The present invention provides an arrangement which, although
simple, enables a narrow residence time distribution to be achieved.
As a result, when an olefin polymer is continuously produced, it is
possible to produce polymer having an excellent structural uniformity,
in addition to which polymer replacement in the reactor with changes in

the production conditions is easy.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of an embodiment of the polyolefin
production system according to the present invention;

FIG 2 is an enlarged schematic cross-sectional view of the
olefin polymerization reactor 10A in FIG 1;

FIG 3 is a schematic view of another embodiment of the

10
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pol yol ef m producti on system according to the
invention; FIG 4 is a schematic view of yet another
enbodi ment of the polyolefin production system
according to the invention; and FILL 5 is a graph
showi ng a normalized transient response curve 5
obtai ned in Exanple 1. DESCRI PTI ON OF THE PREFERRED
EMBCDI MENTS [ 0024] Preferred enbodi nents of the
invention are described in detail below while
referring to the attached di agrans where necessary.
Unl eRQ YH%tﬁé'd)r@fih‘éti% %@te%agquramgatp theinMentinghi ps such

posi £ one Fftotri hSeHEmHiCgiesier y%%%%gm%@;&qé%ﬁéh
Seal PV P5ERROBIT I{E@%f@%l BB TRL R BE A4,

a pol yol effjgg 9&@&‘%?”@'%% i g%rﬁd 788 %3hSEROre Eq%rbsk%urve

the present enbodi production system

i ncl ebtemediin Exasipla] pr epol yneri zation reactor 5, and
an oefl n oI merizati on reactor 10A whi ch i s

pre

Pr eﬁﬁ}bﬁﬁi’r B %m&%ﬁ‘d@%%ﬁ Zg&%&%@%@%ﬁ;'e described in detail
P eI SR R oot R HET (RER edheteoRecsrary:
pol y@ﬁl%fsé RoteddabthbAkiss; éﬁﬁ@dlnwgﬁéa Qhich 8 l?ﬂ ?I){NH and

prepol ynerization reac are
| i mleRdigho, ars | bised ROkBETREIMERS tp@@ﬁioﬁ@%%% iP'Whe diagrams.

pol ymeri zation 25 reactors, irred tank-type gas
phasRelptve dimérpinrisoof feemreostmwraitie diaghianedmbag drot bB&rue
gas ghase pol ynmeri zation reactors. Any one of 11
[0025] Polyolefin Production System
FIG 1 shows a polyolefin production system 100A according to
the present embodiment. This production system 100A includes an
olefin prepolymerization reactor 5, and an olefin polymerization reactor
10A° which is connected as a subsequent stage to the olefin
prepolymerization reactor 5.
[0026] Olefin Prepolymerization Reactor
The olefin prepolymerization reactor 5 polymerizes olefin in the
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, stured tank-type gas phase polymerization reactors, and

fluidized bed-type gas phase polymerization reactors. Any one of
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t hese reactors may be used alone, a plurality of
reactors of the sane type nay be used in conbination,
or two or nore reactors of differing types nay be

used in conbination. [0028] Slurry polynerization
reactors that may be used include knowmn 5

pol yneri zati on reactors, such as the stirred tank-type
reactors and | oop- type reactors described in Japanese
Patent Publication No. S 41-12916, Japanese Patent

Publ i cation No. S 46-11670 and Japanese Patent

Publ these reastats may be7usezizilone, @l plurality of yewetdrs of thensahse t&pe
process .in ich a polymerization solvent is prepared
by 2BAYRs W mbination 5o eumeraseastasppf dilerong types
but elq% to an,.nert bs.ol vent such as an aliphatic

hydr 0 Xrbr?o"}f’efiél.lfj?lfl %8ne, butane, isobut ane,

, L .
pent {028 SIS Vot HEALANS rOAE R0 By S, UE IR Ko
ol ef polyR@irivaRon Z8icteHs, Srhalieb sti&efi%ﬂ@%fp%ergaétgrst:ﬁﬁ loop-
pol yneri zation solvent to forma slurry,”"and 1

pol ytypeireadtorsnddseribed in fshanase Patent Publicatiohale. § Be-12916,
polymer that is formed does not dissolve in the
pol ylapanesg: Patens oPwiligationoNme8i 464116701 and Japanesd Batent

pol ARHBHP Ho- oV 7Ds SAY aolsmerization ixyei process in
i oB 8" BENARIPRionr PBlhehd > cbipamd’ B7hgding an olefin

- pol yBhb&aE s %Qﬁh@/ﬁﬂ@%?ntoggﬁ{t%ﬁe gcggﬁfighxléysowe%?‘s%& tQ an

100C, a_nql prefera _

pol yaiiphatdat hgdrqeagasur(e.d s mepaied! bitaht OMsshranar %Bn e,
pressure to 10 MPaQ and preferably from0.3 to 5 a

[ 00dBKamy| khepthnerer octané)onor eaat oalicychiat hgpdrobarbusede.g.,
i ncl Udﬁb known pol ynerization reactors, such as the

st i (PEPPERIIS ypeclohexane) s agn@lefipppolymerizption esatalyss is

oS SERER N BRI D SR PURLEE LN S e an

and phiARBESRidAs @iried dut in a state where the polymer that is formed
does not dissolve in the polymerization solvent. Polymerization is
carried out at a temperature and pressure at which the polymerization
solvent is maintained in a liquid state and the polymer that is formed
does not dissolve in the polymerization solvent. The polymerization
temperature is generally from 30 to 100°C, and preferably from 50 to
80°C.  The polymerization pressure is generally from standard
pressure to 10 MPaG and preferably from 0.3 to 5 MPaG.
[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. § 41-12916,
Japanese Patent Publication No. S 46-11670 and Japanese Patent
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Publication No. S 47-42379. Bulk polynerization is a
process in which an ol efin nmonomer such as propyl ene

or butene is used as the polynerization solvent in

t he substantial absence of inert solvents such as

al i phatic hydrocarbons (e.g., propane, butane,

i sobut ane, pentane, 5 hexane, heptane, octane) and
alicyclic hydrocarbons (e.g., cyclopentane,

cyclohexane) an ol efm pol ynmeri zation catal yst is

di s %ed in the palynerization solvent, and

pol 1SN oNo S c4a7r¥23e7'<? ouBulkn palysrerizationhisr @ piesess in

I h f dd d I h
B& B lohL & ol piipater S%gﬁﬁr%»gﬁf%éfq?lgngfeﬁ@a% ¥ daedag the
poI 3361?&}%%%@{16“ §oll7gntal?xdth8rsﬁﬁ Ealﬁ%b&\@ﬁ% 8f r}e{t splyents such

I zat1on sol véen

statg atiphdthe hp@oci®ions alg, e%{éﬁﬁe‘ﬂvu%ﬁs léﬁﬂutﬁie ﬁﬁ:lnYzﬁle

in the polynerization sol Vi The pol yheri zat1 o

t enpeaxaney keeptzneg ectane) dnd aligyetic 3§ dtstatififs, (e tyclopentane,
preferably from50 to 80C. The polynerization

pr es@@l@qugn@erm a)|1¢f3n fpocbymsnamm cafalyst sisr disperséd inl'the
MPa( greferab fro to.5 MPaG [0030] Stirred
tankp Wé galiory savent P%@m@ﬁlopebﬁcﬁm t Pl invedy state

| ude k t h
as t e&geacgo%gF nogﬂﬁﬁ rﬁ%‘g aﬂgg%rggfeii‘t““lvsu?n the

Appl

ot S Ppeipald 0 Mty Adh S Qe o Rierature
gas ad pressgepal whkhi #et p6lgnicsization At 118 Mhintinéd in a
nonomer in a gaseous staté is used as the nmedium andIl

whi Ihﬂmdust&talamdn@wapnlgmmhthat pofyresd dads aot didsalvesin the
andﬂ?hffl n pol yrrer in a fluidized state within the
med iR BT At oS sQ) f/elﬁin ddtet pel wmerxznﬁomﬁmmaum is rgenerally

Corpiie oirE B UEYHY preimebd2 ””f&h(ﬁ The

ref,
o cdoe APt 19 Hened 2%51%%323 oPBPTRS ign 10
be MMPBa@Nindsreferabl$ from 0.5 to 5 MPaG
[0030] Stirred tank-type gas phase polymerization reactors that may be

used include known polymerization reactors, such as the reactors
- described in Japanese Patent Application Laid-open No. S 46-31696 and
Japanese Patent Publication No. 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
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vapor phase within the stirred tank-type gas phase

pol yneri zation reactor, and is generally from
standard pressure to 5 MPa( and preferably fromO0.5
to 3 MPaG [0031 ] Fluidized bed-type gas phase

pol yneri zation reactors that may 5 be used include
known reactors, such as the reactors described in
Japanese Patent Application Laid-open No. S 58-201802,
Japanese Patent Application Laid-open No. S 59-126406

d J P [i [ Lai d- No. H
o 25T, DR PG DG Rk tyrages. Py npolymerization
1o ReBERECaRd B BGRIS FOM et hEaR o Bt MG gnd
an ' ' ' catal yst and ol efin pol yner
%@Fér&tg}y%&ﬁ@ﬁ bt 3‘\%}[%% y poly

ina flurdrzed state the medi um by the flow of

t he [90di P FluitiBed BAOHRBE dad fHiSe gﬁgﬁﬂéﬁzatﬁh%ﬁcﬂo% that may
pol ynmerized. In sone’cases, an agitator 1s also

pr ovhadeded dnclmde nknewi | ieactorsgt sueh. ad ke pehMOEY idegdrited in
tenperature is generally 15 fromO to 120C, preferably
f r orkapanasg RPaeat Application baidrepeabNo. Sr 58200802, IfRfese

ahs ArerlicAppERition. LA anen Nens 113640 and pispascse Patent
i t hj lsuj: di zed ,;bad-t . d :
aendb B Ofeh i ob S avd 1205 it Spe aas phase
f 0. . . and . of f
3 SRSl Hrided Rl R A IR bR bl
r eaatsed sasirthe exedilrf had Byhite &hﬂh%rx%o'pk‘ﬁﬂﬁ;l\li?tahoﬂleﬁn
¢} |1 C I S

reactor or a_ bul k polynerization reactor, t
conpebyraerizationt mtagrsbaad;wécﬁn gohgeer m &l flhidizzdcstate within

B B D oo e o e aseous

;:g%ﬁag{ Il% é}%@ﬁg@%{%grﬁf\%& lcg$es?f;}| elljgsi{]aitgrgist gﬂg gr?){fided to
promote fluidization. The polymerization temperature is generally
from 0 to 120°C, preferably from 20 to 100°C, and more preferably
from 40 to 100°C. The polymerization pressure should be in a range at
which the olefin can be present as a vapor phase within 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

14




pol ynmeri zation solvent fromolefin polymer particles
may generally be provided between a slurry
pol ynmeri zation reactor or a bulk polynerization
react or and, connected thereto as the subsequent
stage, a gas phase polynerization reactor such as a
fluidized bed-type gas phase 5 pol ynerization reactor,
a stirred tank-type gas phase pol ynerization reactor
or the subsequently described ol efin polynerization
reactor | OA. However, such a flushing tank is not
al wpdymenqzatiandsolpentt freml elefip folymenpagicldsemey gebedaly be
polynerjzgtion reactor is used, a.flushing tank is

Y

of t SWOYged phstverty . a1 ¢lwmy 3 pelmenizations| seagtor z i oh bulk

Reactor The .ol efi ol ynmeri zati reactor 10A 1S

Feadr S fprspRiof Snd it Sk O B iPrpugnbstage, a
ha $ . i ,

Por a7 SRiCpolfhelBhon R Tk 52 At} BedHpe Yis phase

pr e polytietizaiin fActRAG! Stirréd tahlB3R] gﬁ%fghhﬁé ?ﬂ)l}tﬁeﬁi&@lon

1, the olefin polynerization reactor 1 is 15

conpeaxaor g thesnbiequefitly desdribed eefir? polyntdrizakioe restor 10A.

vertically, a plurality of deflectors 20 provided

i nsitéeveyes, syah adlushime tankdisanet alvedystrpquised;t pasticalarly in
baf f | es ecregsin i amet er menbers) 30 ,proyided ]
i nsi*A%¥ &gere& ﬁ%‘% %O?M?HW@%W%t igusedoa afx‘%f?’l% tank; is

baf f ternately disposed in the axial
di r ec ?&%nggﬁﬁegd'cyl inder 12. Also, it is preferable

10 20 f[mljg,zgoglkﬂrhpolgﬁ{elrﬁﬁﬁ% e3&ognd the tubular baffles
30 ) ; .

1

Lh

20

25

to be dispose coaxlially with the center axis of
the cyli rile¢ oleZin polpmetingtic foadn@i A isof resicadiwhigh RErries
the spouted bed, the inside dianmeter of the cylinder
12 ioyt, ipracfubstaptiglly g@as pbase statenas olgfimpolymerization reaction
pr ef er abl ot nmpre than 3.5 m 0036], In the olefin
pol yﬁéﬂ?&éﬁﬁ% Raptiches %Fﬂféizy the plefingarepolymesizatien peackay S.
are bn.a verdd-cal row, pside the cylinder 1 .
2 FOPTaR ik 6 FIGE T, ohE el situmeioilen pipctoraToA is
out gbfiposit RaRally dft HOWIMaePais! Ghdf ekfnds 1Vertically, a
plurality of dcﬂec_tors 20 provided inside the cylinder 12, and a plurality
of tubular baffles (decreasing diameter members) 30 provided inside the
cylinder 12. The deflectors 20 and tubular baffles 30 are alternately
disposed in the axial direction of the cylinder 12. Also, it is preferable
for both the deflectors 20 and the tubular baffles 30 to be disposed
coaxially with the center axis of the cylinder 12. From the standpoint
of stabilizing the spouted bed, the inside diameter of the cylinder 12 is
preferably not more than 5 m, and more preferably not more than 3.5 m.
[0036] In the olefin polymerization reactor 10A, five reaction zones 25

are formed in a vertical row inside the cylinder 12. Each reaction zone

25 is a region enclosed by the outside surface of a tubular baffle 30, the
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i nside surface of the tubular baffle 30 directly

bel ow, and the inside surface of the portion of the
cylinder 12 between these two tubular baffles 30. The
topnost reaction zone 25 is a region enclosed by the

i nside surface of the cylinder 12 at the top thereof,
the inside surface of 5 the tubular baffle 30 directly
bel ow the top of the cylinder 12, and the inside
surface of the portion of the cylinder 12

t her ebetween. [0037] Wthin each reaction zone 25, an

ol efinpideonwrticai ofythgatibularvisaffleBidireatly dehdvghand e ihiside
froma_gas inlet orifice forned at a bottom end 30b

of tHEfacamfl the partroneoBthe chbindery 12 dativaen ahessotwe dubular

bed ;of.y 10 polyol efin particles. 038] As shown in
P & Bittlps, 3000 The uGemPsh eaeion 58he adem weias cpdosed by the

Dot ASRY sitfadk BOMC LAthdel §5 at o2 1 Bitfedt e iRl Siyface of
f . .
of tihe telaflheBATle é’@airac% _1;91?%&1 to;gwg}%%gnﬁ%ggg?%& the

particles fromscatteri hi s makes 0SSl

shorihside $frfadeeof the poptidrilo 2 trayliadab] 2 fierébediven Vol ume
ef fici enc%ato be achi eved. [8{039] The defl ector 20

has [038hMGthin steghereaction aone25eru aldintdwttaining gas flows
cl osed, an outside dianeter which increases

pr ogPest At |a high yrlesity frosmae gasvsletomifisedfaroiediataa bogom
t | NS |1, of . th | i ndey  12.

0S8 AP R UIbLE BB 6, e i et 4 ot

col 'W%lggﬂg‘hﬁﬁléshe i nside surface of the deflector 20

and are t pinto the annular structure of the

Spoi0e3B]bAd shéintiREFIERTE it eth r@REBA Bht 24! 2l R flebRpaPs
by passing between the bottom end 20b of t he defl ector

20 shinposedhet & positiondhat lids dHowe dhé tubddar Baffle [30Q4Q] faEacthe

tubul ar, baff]e 30 is a tapered cylinder which has an

i nsigae migh Oéﬁf@ﬁet dihettode ofrtbgrdedlsictos| 30 dteto gasest ispouted

o A Gk elon P i en B
the freeboard zone, enabling a high volume efficiency to be achieved.
[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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12. Such an arrangenent allows gases to circul ate
upward froma <circular gas inlet orifice at a bottom
end 30b of the tubular baffle 30, but does not allow
the gases to circulate upward between the top end 30a
and the cylinder 12. The gas inlet orifice forned at
the bottomend 5 30b may have di sposed thereon a check
val ve (not shown) so that polyolefin particles within
the reaction zone 25 do not flow downward through the

gas jnl et %rsifice at such tinmes as startup or
t enpler arSuchs pat amngestent ployisegrsesgoi gwatlpteappward from a

Egﬁ%ﬁa&l&%ﬁ? ebpatgt 57 BetPto B & he T e BiNg agnbu
oyt 38 R G108 ine RS ¢b talcBle UBvatd Becitkelt 4 By i 30a
t he anofHe0fBRer t12bUI e %’%f & %ice REmbIPE( the b(l)ttom end

downconers “35a allow poryolefmparticles to fall from

an (@Biemaychatd aisposed tBérebn @ cheglervalves fadti shivvadneo that

25. The purpose of the bottom downconer 35b is to 15

r empedy@lefiy glaeticles aithin ties réaction zhoe Botdonvbofow downward
particl es outside of

reaciion zqne and ., di scharge the

t he tv[?{ﬂqghd £8s 1nigh Gfedt \7‘7‘&’ dHBes ¢y Statep O wpogary
in series w t he. bott om downcone The

pol f;ﬁr.lgﬁ)mrrbgf qu%@n Eﬁ"b%‘%ﬁ@%ﬁ%?r%‘ggﬁf% a subsequent
ste is ' i
VO 2 SRERR T, PR Depl oY 3R R RIS
eachusrtegsisk @&o&%ﬂ%a@ﬁ ofithe f&ur Wsper talligr bifiles SWCWithin the
tubular baffle 30 satisfy the follow ng conditions.
Naneiyyipdehel 4, atnd dAbdBoinetdorarcotdes 35hmet eprodidledf it hthe
gas . .inlet orifice at _the bottomend 30b of the

t ubokomyaest| Ribwdara hatflend0; nshhee uppainsosmcgmers 3 5an allow
Al so

R R R A CE SR N

e AT BaPP1 o 138 WFR® AL B, bS] B PAFOREF 356 is o

pr efrémabe Ypolddiefin particles from the bottommost reaction zone and
discharge the particles outside of the cylinder 12. Two valves V71 and
V72 are arranged in series with the bottom downcomer 35b. The
polyolefin particles can be discharged in a subsequent step by
successively opening and closing these valves 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 d
of the cylinder 12 is preferably 0.35 or less. Also, the angle of
inclination a30 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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at least the angle of repose for polyolefin particles
present within the cylinder 12. The angl e of
inclination 00 is nore preferably at | east the angle
of repose and at |east the angle at which the

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

i nstddgagrthg anglsuphrepnserioe pedyolefin paggicles wraseat within the
LBy 12, e bl iR a2 By e s
e D8 AnelfdF [BoRP Hnd"GEca) hETHRERL o uhith®l®Boftetin
suchpatisies Uahi B8 col 1:>1é=té1§£n glibgh%g%p%akﬁaé&{al&hem %Hgﬁ'h ?Jay,

baffles 30 to have an i nati on”00 whi

as remeith doomevard sndvemen of tiee palyvRfingigticles [sQRAfHvelit
is preferable for the deflectors 20 in FIG 2 to have

an dA8#2! adthongh ianspautert bed cagthe farmed ¢vea wsing @ flat plate
bet weep t he. outside surface of the deflector

f
28r gﬁ@h BreasHgfat asHicg| toripgd dhetetn msteadaes a twailambaffle 30, a
 f | vol. ef i cf. t within th
o TG e By A0 BOF Mt Pl RS0 on St e et Bfots ear
d (3% ' [ I f
0. 48t BRFHET oF b [ Bdb 38 [ & Sl AU |EBRBH hear
r epaseo9hl infthis REHID R pa&i&&mrﬂgoﬂise%gétﬁela%%ﬂﬁm%&s. To

The angl es of inclinati'on a30 arnd a20 "are

pr efavprbbychas siteatsdn, 56is {iBAksirible fbefthe s Baflend0 to
tubul ar baffles 30 are each attached to the cylinder
12 have aspengle of Hoelirationny30 Thkichyppaoted hbwe, is at least a
substanti aIlI y 25 no influence on gas flow and

pol WOYRE§H'$ ow. The cylinder 12, deflectors 20 and

t ubyhd41oR%{ hieTerdBleBY tRFddRLorR 20 hHTE3WRLGe an %lggle of
inclination 20, i.e., the angle formed between the outside surface of the
deflector 20 and the horizontal, which is at least the angle of repose for
polyolefin particles present within the cylinder 12. In this way,
polyolefin particles can be adequately prevented from sticking to the
deflectors 20.

[0045] Polypleﬁn particles have an angle of repose of, for example,
from about 35° to about 50°. The angles of inclination ¢:30 and 20
are both preferably at least 55°.

[0046] The deflectors 20 and tubular baffles 30 are each attached to the
cylinder 12 by supports (not shown). The supports have substantially
no influence on gas flow and polyolefin flow. The cylinder 12,

deflectors 20 and tubular baffles 30 may be made of, for example,
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carbon steels and stainless steels such as "SUS 304"
and "SUS 316L". As used herein, "SUS" refers to a
stai nl ess specification standardi zed by Japanese

I ndustrial Standards (JIS). It is preferable to use
"SUS 316L" when a catalyst which are high in
corrosive ingredient (e.g., a halogen 5 such as
chlorine) is to be enpl oyed. [0047] As shown in FIG 1,
a gas feeding nozzle 40 is provided at the bottom of
the cylinder 12, and gaseous olefin nononer is fed to

t he caben sferlsrancheailéss trels suchoys WS 1048 andieSUSB16L".
oz A8 ST PSR 6o PBedels f tasicisr Pepibcatop sinddelized by
ai s B 60 RE SRRl HanpietieRle 168 sk 3oL
gas-whéd 8 aedyRarkil Hla?—\?th(l; ﬁfz&‘?@é’i@ﬁ g??e&fénf? g%gt? réaillilégf%en

provi ded cyclone 62. e gas pass hrou

t r eatusi Al chlvrine) istotbe@aplogsd¢hanger 63, a conpressor

64, a second heat exchanger 65 and a gas-Iliquid

sepd PB4 Asashomn insFIG §,ret gasdfeedihg nozzled0lis provided at the
another line L35 and recycled. In addition to_the gas

f eediO9h & 2he cabinder §2.samhggseons olpfin menomeninfed to the
whi gh.J s abl f dj schargi ol ef articles

. ciotlofn of 3R Pulipdis 12 BEaray bt i Lp Gau compiregen 54
at t : t ' 12: - i i Q. r

o et Jas Icfites 18%1eT6L if cRBvidel b "GE 165 o e
pol wytihilgat|2on GeAGYKIch 1h4dA rRkn th tﬁfﬁihgaf tHe?%‘(}liﬁﬂer 12 is
operation, it is preferable to providé an inlferior
mentieschargetltte thdexteriof througing dine ddi0, and gas-botrainbd paticles
at a position which does not interfere with gas flow

at arheepeyechhy @n eptiongllyipraeided Tyclawe4s). ThBecttd gaschas
12 is als rovi ded with liquid feed ngzzle 50 25
whi PRSFEou %?ﬁt@&flgp’d%%{rﬂeﬁﬂpﬁmgﬂig?{ B campresser 64,

et SEREE B b A5 AL RSB o, i
introduced to line L.30 via another line L35 and recycled. In addition
to the gas feeding nozzle 40, a discharge nozzle (not shown) which is
capable 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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Specifically, as shown in FIG 1, a liquid feed nozzle
50 is situated near the gas inlet orifice of the
second tubular baffle 30 fromthe top so as to inject
liquid olefin toward the spout. If necessary, a punp
52 and a line L20 for feeding the liquefied olefin
nmononer are connected to the 5 liquid feed nozzle 50.
In FIG 1, the liquid feed nozzle 50 is disposed near

the gas inlet orifice of the tubular baffle 30.
limted to

HO\NE‘\Ser. he liquid feed nozzle 50 is not
such Refi'#’é’faﬁy’cﬂ? KGds ediauid feed reradeo80) i situated near
t b d 20. Th
T QU e Sr0fes "G b St Bbulr S 5 Hoer ie wpisoqss to
€ : 0

2 prgearkianid dahaBhRRL e SBaft® B BRRSkD g $3°md o
di sch okt i ' ' ' £l

yi i nder 12 e Ang T 1iuPlic bR irBnot bk fied 1§, the
baf f liquid3feed MozelesiieciThi Bigk |1y theaHqsidowBd ndzEikGolis cﬁsp(%sed

0

gas discharge, nozzle 60 is provided in the portion

t he BYAritHE&As inlet arfing of lee tundardeaflls 30ur Horewd:, hediquid
secoged tub%%élr baffle.30 fromthe top. This gas

di scIFEAGROZE FPeisgreti imilgd Hacsuch 2 positien and may imsfeast be
ali . unt__of s . di scharged fromthe gas
di scﬂ%? gsébhh g‘z)g:%g%‘%g% »jear ég\%t%pcﬁolné&n ygfés‘&f‘é‘&cﬁ}'ezo- The
val idr h : t:anti,ally equal.
o { I R o TRl BEardeg i iR Vaasc elBeity

| i quiegidesdclPs o spailtighled eV P Sphi 4 forfher ef or e,

even when |iquefied ol'efin nononer has been fed into
t he [9PfPhddso,12 pliralitshef | gag udiscHaegel noazles &058e pidigded in

e e 2 e s el o
o el 200 Mt TR bl sthaven 35 e i & e9p ghesharee
it AR B A i
pol yoefate adfl elte GRbahd SibulP baffle 30 from the top. This gas
discharge nozzle 60 is connected to line L40 by way of a line L41.
The amount of gas discharged from the gas discharge nozzles 60 is
controlled by respective valves or other means so as to be substantially
equal to the amount of gas that has been fed in from the liquid feed
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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are fed through this Iine L5 to the topnost reaction
zone 25. [0051 ] Accordingly, in the present

enbodi ment, a two-stage polynerization step is

achi eved by the olefin prepolynerization reactor 5
and the olefin polynerization reactor 10A. In this
way, the olefin 5 prepolynerization reactor 5 effects
the pol ynerization and growth of polyolefin
particles, creating relatively |large polyolefin
particles having a particle size of preferably at

| eadte Bgghrau & leek 2 tathieytopinoktergactiotOgoneS.and even
nor | east, 850 m thereby_ enabling the

for i%‘ﬁ ljfrrfirﬁgobrlg}/ﬁ’e iy afice E{f‘éémede@é’edlf%v@r , twae-siage
I T A
ol ek; &@gﬁ;ﬁ%@ﬁﬁf@é@ﬁk&ﬁﬁa&f?& ®or PoAl N @%@r@@f¢8§&em

ol efin pol ron catal yst or préepo _ _
cat preplyherifaibn facerts )éﬁé@tsﬁh@_ﬁ&l?{deﬂzﬂ%d’ Hhd |28 B f
reactor 10A, and olefin polyneri'zation is carried

out polsolefimparticksy creating oelatively lagdigalpsiefin bartil@f having
pol ymeri zatjon reactor, such as an olefin

pr ePRItH? pizeof preferablicatdeass 500 um, woef preferably at least 700

S0 LR A Y FIRES Gt e s A b, irtggrgbﬁrm?bl&ng ghe
or uBBEE Aord SaUISh AR W L HEBY SR B oo
20 Nevd the! pSlyRiceizhfion B&'ﬁy B bt osé‘chflaé’sgé%lr@in%ae%t fi&t does

substances uSed in such a systemare

[ 006@ idudehanobiefinnprepblyiirizatibh Ofeaét®Rc, Orln this case, an
pol yol efi n producti on rocess and pol yol ef m

pr o@lgEni palysyerizatioof catakyst mre prépmitympxitatiminefcatalyst i ise fed
ol ef.i n olelrrer (ol g{lqi;n hf)m)pol yner, ol efin copol yner) -
25 ctfoonthes dghin; pabapenasiionn aepetpy ndPAz aandn obifin

CopbyREREgath dn A e AKFEEy 8% ik mogm additona

olefin polymerization reactor, such as an olefin prepolymerization

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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may be used in this invention include ethyl ene,

propyl ene, 1-butene, 1- pentene, 4-nethyl- | -pentene,
5-methyl - | -hexene, 1-hexene, 1-heptene and

1-octene. [0054] One or nore of these ol efins may be
used. Alternatively, the 5 olefin used nmay be changed
in each polynerization 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

ol efmay bembédat this invelébn inglube etybdrey ecopyleda)debutene, 1-
propyl ene/ et hyl ene, propyl ene/ 1-but ene,

pr opghtane/ dtmgthyhd pentenee demetlyldr-hexemae/1-hexebet érheptene
et hyl ene/ 1 -hexene and ethylene/ 1-octene. In
additPAdno¢tendl efins, it is also possible to use at the

sa j various._ cppol rd c ingredients ch as

s R0 O88 e bt SE B WS g i bo AliSiladVely, the
cop I S yie ,

pr o%l)ll ené"?éé(% ﬁi} er?% %%%{éggn%r ggchg oﬁyi eryn%ﬁ%ﬁ slt%p.bu?;eﬁ%ses
C Opavhere palanelizitionYik @Bl bl £ hrlisthd précess) | &y difesent
may be advant ageously produced in the present

i nvehktfinmayThecugeddd each stage of Wihef fwo pomore okefistaae nsetd,

by multistage po‘lql)érreri zation in which the proportions
of eKamplaseFsuitapieiaelie combinagions that paay he employed include

ieg 8 @gg@ﬁ%égﬁhg I:eg;e,re LRT ipgﬂt&fqg/ d i ef‘gf Il’i'/(i‘epyién%%ﬁwag/l 1putene,
k ' ; jzed gl ef | | b
TRETI L e

Pr eRAHMITR 10Z8fchifl #98 Gl possilé t8hse! RTthe same time various
pol yneri zation reactor 10A so as to form honopol yner

par cbpblymerie ingredpsity soeohi asidigndshe first olefin with a
smal | amount of another olefin to formrandom
copdP93adr Ofsdinx | pobaners he(loepalymersi n capelybmeguentch  as
par Prndens Homppoliers cHoey ea e e opRbimea poRYIene -
' ea%h?ernes&?ﬂblﬁ%eﬁnaﬁ)& %fré)ﬁ]ylgﬁe%@lwe%f 1-&hd ncop%?ymers 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 5 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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reactor 5 or an olefin polynerization reactor 10A.
This results in a narrow residence tinme distribution
in the olefin polynerization reactor 10A, making it
easy to achieve a fixed conpositional ratio within the
pol ymer particles. This approach is especially
effective for reducing 5 nolding defects. [0056]
Exanpl es of such polyners include

propyl ene- propyl ene/ et hyl ene pol yners,

prop IeneEyropylene/ethylene-,ropylene/ethylene

po: yirafter gf fgwléﬁalmime@ﬁ@ @T @%qlt@fnﬁ@lét h)ll'/'himﬁestults in a

0 mers an [.O .ene-nro ne/ e ne - put ene

ol & e bl B Guds e Rty oo
e S S lL.natcat es .. al, .

t V\omgf&’rrgl re {;,[fellarsg 'Eg raghge(lw)z %&P 9&8& ic)? ey (Wt{%aﬁ rz?tH)e w1ﬁ11n the

pol yatymePpartidl@se, THib eag?f*é%ﬁ:ﬁcfs' &ge@ifdldy effective for reducing

mul ti st age- pol yneri zed opyl ene-Dbase copol yners

whi anohlieg defeytser s havi ng propyl ene- based nononer 15

units, are called "high-inpact polypropylene” (in

JapdR056] Examplest omar i 0f cal | suth' pol yppaywieene bl oddclude
ners"), and have crystalline propyl ene-based

copol

poIyﬁéPygﬁﬁﬁgﬁpxhaﬁ@ﬁBﬂﬁﬁbhous propyl ene- based polymers,

pol yner .segnments, | referred., A multistage -

pol )PE@PY @5%‘%?8&?9@@@&3%@%6@?/%I%n be pr epab@eers,

by thg h LLO| j pol ymerj zation, in an

ordéjr}, p%lgn%gléil{ﬂél pﬁoﬁ%%ér/r%ggﬁ%ropyl enk’ rtﬁént_s or ahd

ran @n?ﬂeﬂ@lmﬂpyleﬁ%ﬂgﬁ%@/%hwna%l r<C ORPeE IR dakh T9—)

a smal |l anmount” of an ol efin other than propylene,

wi t HndinatepHbe bounbimyr bemgennpaymeps| andea istedt ¢7Onindicates

ethyl ene, propylene and, as an optional ingredient,

an SN P oF HeeTer algfinstasg | copelyzaerized pitbpy the polyimert h©f

pre ce gf the .respectjive polyners. Such a copol yper

has Wgsey e PAUCH oot ¢ %“?%%ngféa%mr@alzpﬂ Propyjeng-bgsed
copolymers which are polymers having propylene-based monomer
units, are called “high-impact polypropylene” (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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t etrahydronapht hal ene at 135C, which is preferably in

a range of from 0.1 to 100 dug. This nultistage

pol ynmeri zed pol ypropyl ene-based copol yner has

excel | ent heat resistance, rigidity and inpact

resi stance, and can therefore be used in autonotive

conponents such as bunpers 5 and door trim and in

vari ous packagi ng contai ners such as retortable food

packagi ng containers. [0057] Moreover, in the.olefin

pol ynmerization reactor and polyol efm production

pr oc@gﬁhlﬂf Oﬂh]@hthhlﬁamat éa5°€,owblcbad gnefetablyrin acahge of from
[ ut| of the olefin palyper, the olefin

poI y d% ALy s pretisiage FPQW?’@E‘%%‘&HQ}E’TOPY'me‘baSGd

vei S1ES fﬁ%ﬂ B SREMBn{ Rou TEr B8 Sty 20 mpigh Goteiance,
for mﬂ@ﬁymea ofd BE 3o 3 ViRt b eg@n&f@@fj%lhas bumpers

nol ecul ar wei ght distribution

| nt randsdeovtrigfi0ahd Yn GAALE ?ﬂcl@égmgf%ﬁm RuckSs retortable
descri bed above for the pol ymer conponent obtai ned

15 tﬂoedmabkagmgzamtanmrsstep that produces the hi ghest
.pol yner _conponent is in a range of

r WEI ght

Er teﬁ@ﬁéﬁ] /QTP@Yﬁrg% the olefm go, lg?emmgilr(@ Kﬁaéﬁa‘érzéu?i pOkynéaﬁn

iR Bt e BB S ML T i
the c C \ e oI [ qQpent
obt eﬂl neg ufigh %f the Cﬁ(?rft;f\{rll I%(g&me;] M%“tﬁlog?%ﬁf oiaRents
t he em;iau ! b pS ONRY
presﬂént [ nventrl on %g% adﬁgﬁ?g%gdgggfey prodﬁtg%e-ﬂgﬁé erent
pol ymelecular wéights. t fitheaprusait @fvention piel sls@radvangeeny for
obtai ned i n the pol¥ner|zat|on step whi ch produces

t he PAPgidRg  miefin ulpalymessgthaving| pnebroednpoolentlar  weight

acco t.g f.or frﬁmo 1to 80 w %of .the olefin_ 25
pol )fﬁg:‘r" utiomsg) Feheexamaplen B yinEmsia: Visroult apltained by

use qnézﬂt.zfetfﬁeﬂt VRS DN Yor i polymer component obtained in

the polymerization step that produces the highest molecular weight
polymer component is in a range of preferably from 0.5 to 100 dl/g,
more preferably from 1 to 50 dl/g, and even more preferably from 2 to
20 dl/g. This intrinsic viscosity is at least five times the intrinsic
viscosity of the polymer component obtained in the polymerization step
that produces the lowest molecular weight polymer component. The
present invention 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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a known addition polynerization catalyst used in

ol efin polynerization. Illustrative exanples include
Ziegler-type solid catalysts forned by contacting a
solid catal yst conponent containing titanium
magnesi um a hal ogen and an el ectron donor (referred
to bel ow as "catal yst 5 conponent A') with an

or ganoal um num conpound conponent and an el ectron
donor conponent; and netal |l ocene-type solid catal ysts

prepa ed by ort a netal |l gcene conpound and a
cocat 9%‘@“ a‘@é‘ﬁ‘g‘bﬁ%iﬂ SHzatop cataly s use in plefin polymerization.

CoosURYREPE  Saglgles i aﬁ%"f%ﬁ%%&% éel@oca%ystséegomd by
tit

it ofOHBEERO8 311l Bt RO e b SyokRind Mor i, B Sy,
Zi eoh ehalby®e &@ iad eRicbWS Hondi(FefERBROR) HRloW aﬁsa"‘-‘éﬁfalyst

may be obtained by contacting a titani um conpound

mag nessnponend AdYuwith ancbrgan el @nimon cdﬁ‘gﬁimd u:@hlpmeﬁbﬁad an
foll (iWI ng. 15 [ 0060] Titanium conpounds that may be

useEleeiron efaner ccampenant; candhometallosens-typex cofidi faatedysts
by titani the general formula

ds h
%Y el bR R RiSg X A HPess: SomngRBdnae B cogatalyst

nurrbernlﬁguc tfyiﬁaatsg%nn%r%%] a;?“mfrf gtllthe @Egﬁp’%@ may

I nclalglebé akdghal ogenat ed titani um 20 conpounds such as
titaniumtetrachl oride; tihalogenated al koxytitanium

coni6059 Wheth msc@nmgy | teflirtdn td | & O fi@RidEhagnesium
buoxytitaniumtrichloride; dihal ogenated
di aldesxgasite aatalystonap deneed asucitalyst dormponenttA tearployed in
di cghorl de and di hutoxytitani um dj chl ori de;

8| Bgerzten ofial tﬁg JarityBei saHd setdysds Thishcempegite

chi Pt I e ePRIRRL St eiecingc anpianibg sidipossd, o

t et ragiieeiinh bhbRAPLUAY ad an 2Rctron donor such as the following,
[0060] Titanium compounds that may be used to prepare catalyst
component A are exemplified by titanium compounds having the
general formula Ti(OR"),X,, (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). llustrative examples include tetrahalogenated titanium
compounds such as titanium tetrachloride; trihalogenated
alkoxytitanium 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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tetrabutoxytitanium These titanium conpounds may be
used singly or as conbinations of two or nore

thereof. [00611 Magnesi um conpounds that nay be used

to prepare catal yst conponent A are exenplified by
magnesi um conpounds whi ch have a 5 magnesi um car bon
bond or a magnesi um hydrogen bond and have a reduci ng
ability, and magnesi um conpounds whi ch |ack a reducing
ability. Illustrative exanples of magnesi um conpounds
whi ch have a reducing ability include

di altRiebrigreitaninng onpbesedasiunhcempoutidsahiy bemgeksingly or

di et hyl magnesi um_ di but yl magnesi um and 10

but é@@?lﬂ%ﬁ@squ%m crhgieobi um hal i d h

bﬂtﬁs ium. chl ori de?{I al Ewlga: me ?ral S:i aumc =

comiBIREL FElgtRinf! cBipRas 5 v i daed g cprepare catalyst
Lk . : . _

2 RHRL WA AT A SHYLARANERE D nave o

abi IrhigheRRim-2hfdnbBotE o d th esiﬁﬁf-ﬂmﬁ)%% g)gﬁa'[ N %’iwe a

compound 15 with an organoalum numTco
| | weducing \abilktyn apt emagfiesigneshponndspdicio $ackh aCleducing

| ack a. reducing ability include dihal ogenated
nag§editym Hb-_lﬁﬁ@tlﬁ@l@?@mv seaf magueségh wompaciide wideh have a
T T T AL
T AT
RS LGS e RIS AL St
| ackhborideguci ngkylbikoiysagnysiha comgadmyhi Chuéf € as
synt hesi zed, either in advance or at the tine of 25
cat Ruipdethosypogeesiuny; pasdaralkymmgneyium k hydrideet Boch  as
f e B i o By R et i empours havih
reducing ability may also be used in the form of a complex compound
with an organoaluminum compound.
[0062] Tllustrative examples of magnesium compounds which lack a
reducing ability include dihalogenated magnesium compounds such as
magnesium  dichloride; alkoxymagnesium halides such as
methoxymagnesium  chloride, ethoxymagnesium chloride and
butoxymagnesium chloride; dialkoxymagnesium compounds such as
diethoxymagnesium and dibutoxymagnesium; 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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[0063] Electron donors that may be used to prepare

catal yst conponent A include oxygen-contai ning

el ectron donors such as al cohols, phenols, ketones,

al dehydes, carboxylic acids, esters of organic or
inorganic acids, ethers, acid am des and acid

anhydri des; nitrogen-containing 5 electron donors such
as amonia, amnes, nitriles and isocyanates; and
organic acid halides. O these electron donors, the

use of inorganic acid esters, organic acid esters and
et hef¥)63$ Hieetfer datbrs Hi6ddy be abed teeprepaer @aallyst coshpbnent
esters include silicon conpounds having the genera

f or N 1acivde oswgeﬁsgwmaml(lgm ORZiGHQYSaSW%daSodwgltfdﬁ phegols,
grou of 1 20 carb P drogen atom R3 is a

hy dr BEQR% rﬁlg?lwﬁs,oraar lo Pids WS Ofn T8AS 10t iNgFEanic

exansTES Fiheihid dibigds @ﬁsﬂd“ hatydriddis HiBbkdEeontaining
tet rél@@&&?ﬂ%ﬁ Ijs%ﬁéh aE%ﬁr[rﬁSﬁﬂo ﬁiésaﬂ]ﬁlg%dand isocyanates; and

t et r abut oxyS| ane; tria oxy nes Ssuc

et hytighnicn®dil hialides.anef tﬁ&seeélhwrbrﬁ idBRbh ¢Hé iuse N, inorganic
butyl trimethoxysilane, isobutyltrinet hoxyS| | ane,

t - buacd Bs%mb@ammdﬂnstsrm&&hﬂsuepf&fmsdl ane,
et hyﬂ@wl et hoxysi | ane,  butyltriethoxysilang,
i sobl0fH Prefefredy narganic aagid: esigrs | ineludensiligon| sampounds

o e AL O G 1 o ddrocaon
i Drnbp o 90Yak bacor & fy ol 8 Bbnf! 1€ 5 PR EArb3H Broup

di -t= i met hoxysi

but Yéﬂ"l?ttb)d(ﬂéd}ﬁbﬁ@)é)’lﬂ' th@rlgttetbh'tlé' lhehuiibet SRhNAXY B ane.4),
t- butyl nethyl di mét hoxysi | ane, di met hyl di et hoxysiT ane,

di et hlpkgtateedox grahples, dmloludpl di ethaalkosibilaaes such  as
d||sobutyld|ethoxy3|lane di-t- butyldlethoxy3|lane

but Y WQXW@Q%@Xy si tefaethoxysilane and tetrabutoxysﬂane
C UG G RRIB oxy of PU. [ 006s] pr BredilEimghganyiene,
aci detﬁfﬁﬁﬁx%tﬂo&%lfagﬁ, %Bﬂ%ﬂﬂ&&h&?&ian@{‘ %obal?yltrimeﬂloxysilane,
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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pol yfuncti onal carboxylic acid esters, such as

al i phatic carboxylic acid esters, alicyclic

carboxylic acid esters and aromatic carboxylic acid
esters. Illustrative exanples include nethyl acetate,
ethyl acetate, nethyl propionate, ethyl propionate,
ethyl butyrate, ethyl valerate, 5 nethyl acryl ate,

ethyl acrylate, nethyl nethacrylate, ethyl benzoate,
butyl benzoate, nethyl toluate, ethyl toluate, ethyl

ani sate, diethyl su00|nate di butyl succi nate,

di etl?ﬁlwﬁ%rlendt@r axyin 9¢1 restesmasush asciliphiatiy|canexadiceacid
di but ﬁb %eth i taconat e, dlbutyl i taconate,

di et ’é’t EATOQRYIC G |CSIERS a@@ﬂaﬁw gatbogylie acid

A “%at .55 SNk R CHRLRR R ”Sa??iiﬁtyﬁgeate

aCl Cin@ﬁlﬁf!”;%opﬂﬂﬁteo &l igr gteesétﬁkm iyttt f er rgl Qi%iegate

esters. Phthalic acid d| es ers are

[ 00Gfigthil lacsylate] ietteyl exctyiakes; Smethydt fiethaciylstk Uyl

et hers guchgtas dlﬁgh et her aﬂbut cet her, ﬂi Iﬂ:‘n&&te
di i duthyk penzoater meﬁhﬁnmluﬂbh emhyldtolsmnwﬂzyll&usitberdlethyl
met hyl butyl ether, net héd i soanyl ether and et hyl

i so ?/‘Pa‘é"t h@ utylprsuceinated diesti| asalpnates ddibutyduinyalonate,

BB iR Goleats qieity hnion r%éuryaﬁ@conate

| .
o ear e i B G, AT e
car Pexfehied aaitpleAincigk ﬁib@ttﬁ'&féﬂaélipﬁla @&%@Qg‘li&lﬁfd Gsters

20 halides. Illustrative exanples Include ac

chl snthies metloprdivy/icid eblens, iadd phthilieracid ehblr istemaleic acid

val eroyl chl ori de, acryloyl chloride, methacryl oyl

chl §FiEHR, Iﬂghéléfyﬂlmd diestarg are m@rmplselfertftd ori de, ani soyl
chlorid mal qnyl ch].ori de, mal eyl

hl
ghl g@‘gﬁ I “g‘g%lbn exapfes o sthers %‘Fwﬁ%u@k% gthers guch das
P d 2
i OB BER RYER) A5L0BbOON difier aiiBYL Stikrofiighamy!
andethehthath9y busi lefier, dﬁxeﬂ@l‘ €t etl?e?l £l difiy! Robutyl ether.

especially preférred.
Preferred examples 1nclude dlbutyl ether and diisoamy] ether.

[0067] Illustrative examples of organic acid halides include mono- and
polyfunctional carboxylic acid halides, such as aliphatic carboxylic acid
halides, alicyclic carboxylic acid halides and aromatic carboxylic acid
halides.  Illustrative examples include acetyl chloride, propionyl
chloride, butyryl chloride, valeroyl chloride, acryloyl chloride,
methacryloyl chloride, benzoyl chloride, toluoyl chloride, anisoyl
chloride, succinyl chloride, malonyl chloride, maleyl chloride, itaconyl
chloride and phthaloyl chloride. Preferred examples include aromatic
carboxylic acid chlorides such as benzoyl chloride, toluoy! chioride and

phthaloyl chloride. Phthaloyl chloride is especially preferred.
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[ 0068] Exanpl es of methods for preparing catalyst
conponent A include the followng. (1) Reacting a

I i quid magnesi um conmpound, or a conpl ex conpound of a
magnesi um conpound and an el ectron donor, with a
precipitating 5 agent, then treating with a titanium
conpound or with a titanium conpound and an el ectron
donor. (2) Treating a solid magnesi um conpound, or a
conpl ex conpound of a solid nagnesi um conpound and an

| , ith titani d ith
C1 ¢ d00B Eoppien afnmeshods det resepasRrcatalgsy Spmponent A
React i | i.qui d [ d with liquid
tit e ie T FREE 1 the presence of an el ectron
g | g ! e e . o
Son) Al A - EEL o
Pr 0ci Giagiebiin @SndgouBt ARF ah 1dlectrdd dRnor, (%}thag (b\f'g%wgﬁtlihg

a titanium conpound, or wth an e e_ctroﬁ_ onor “ant
15 tageagi thenctrembyndvith B thasiahh @dmpbunkll 6F Wit o4 itHanium
product obtai ned by reducing an al koxytitani um

conp@mpupdtandan eectrorodenpresi um conmpound such as  a

Gi giﬁ,d reagen dla[g t he_ presence of an organosilicon

con‘g FFatng s s1dmeguesiyy sempoundcor @ gomplex compaindrof a
d 2t h 20 d titani . o .

¢ ot RO mpBflesSiete FompRue e 75 riipons A0BP% dvish oy dsenium

obt gy | i | ound w th_an

or ganntous e e s Mol coRffpdtid SFLBRHBA (i

or g{BpRdacting £ UNAE NEa@iesaiin OESAPOHd | QAR #hni

andqa)r? esterg corrpounda%estreat ed by daggligﬂga?ﬁi n or erl,]m

a mcgmposndf inathetjresen2é «fd apoelectrem dddridraahd Mnducing the

tetrachloride, followed by an organic acid halide
conpBefiBLtatignof heolid Glaniun semples.s subsequent |y

tr e PR uthd e atinf 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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m xture of an ether conpound and titanium
tetrachloride or a mxture of an ether conpound,
titaniumtetrachl ori de and an ester compound. (7) A
nmet hod in which the product of the contact catal ysis
of a nmetal oxide, dihydrocarvyl magnesium and a

hal ogen-contai ning al cohol is 5 contacted with an
el ectron donor and a titani um conpound, either
follow ng treatnent with a hal ogenati ng agent or

w t hout such treatnment. (8) A method in which a
mag rresiture afempathedcaupsnmsandbtanagn ¢etrachdorids dar fixtare of
organic, acid or an al koxynmagnesiumis contacted with

an ancethereamping figaniumdetaghloride and apepfeueempenndier

SRS et B LIRS 0 B4
O 8 4y TR S § Rl Bl
BT o ) Slocon ATARNE o HANALR, Phpopad, gjther
ar e fplewig eleatiiies ewidht RO dmledenatigpanpéntoor afbthout such

generally all carried out in an inert gas atnosphere,
suchregtmeit r ogen or argon. [0070] In the preparation

L b ARt A i
SR o GO T S el o
sol \éfé&l%ﬁlgﬂ&didﬁnd’ld BRRfLG EWJQEM’ QiR Sltdﬁgw%‘?g treatment

hexane, pt ane, octane and ane; aronmatl C

hy drwities balvgefistitl sent behugdAL SWtth tdteRAs. alicyclic

hydr ocarbons such as cycl ohexane, nethyl cycl ohexane
and (e dedating the dortpoend obtgined itsasy ofi neshatlsetl hyod (8 Pdbove
et her, dibutyl ether, diisoanyl ether and tetrahydrof
| r anvitly abzlogen.n balogen epmparndar o1 avamatiokydreesrhoment

A t[&%é]egP Ghat z&go%eoinetﬁgds 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. Illustrative
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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t he reduci ng reacti on which uses an organomagnesi um
conpound is generally from-50 to +70C. Fromthe

st andpoi nt of catalyst activity and cost, the
tenperature is preferably from-30 to +50C, and nore
preferably from-25 to +35C. The dropw se addition

time for the 5 organomagnesi um conpound, while not
subject to any particular Ilimtation, is generally
fromabout 30 minutes to about 12 hours. Follow ng
conpl etion of the reducing reaction, subsequent

r eactheoreslucimgyrebetioarwhichl wsos ant ofgahemagnediuine coipbiadnis
20 to 120C. [0072] In_the preparation of catalyst
conp¥ifsialnfrophed théd Wy  Hom she standpoiny of eatalyst activity
out in,th resence of a porou terial such as an

i nor%?‘eﬁoﬁ?ed@“ﬁ?er%r%ﬂﬁgfﬁf@agbf -3@ tgst305CGq  angwmore
t he ' p u j gnhat e i nto. the, porous

nmat e@? g%r.glb%uf:rﬁgpé(ésoﬁg Jr_%? riatle dioRyYise é’é“@tl%\y@% for the
por epreah i P { U f 0,20 .

at Ier‘gst 0. n{lgnaﬁéfﬁgﬁ&g(!ier%‘gg% %}?ﬁl@ﬁe Sfée&aprﬂa?%?#lar

5 t diriition, 5 gkl ehonf abeuO39 hiifh@INC aB#Ie2 hours.
include Si 2, A1203, MyO '1102, ZrQ2 and conposite
oxi d&dlawiag ewmpletianpifetheofednoing seaptibyeulsseqiast! tidetions
pol ystyrene- pased porous polyners such as Pol ystyrene

and M&Y D¢ saiediOnt Ay bnpratire epGoymad so 120°C.

pol t ey based porous ol ymers such as, pol yet hyl |
acr@g?:‘g, ﬂh&bﬁy?”&’@%?’loﬂt of d&W‘%@T WEpsEt 28, the red¥1cmg
copgG t l.ate and methyl. .

ot Resoremal 8 RGN bucth shEBrokeRbe of BoRis paterial such as
pol yaal afdrgartie sBdde A oas ERcly®idf ko &S to allow the solid
pol yet hyl ene, ethyl ene-nethyl "acryl ate copol yners and
pol ywodipy lte mepre@hatehiatetheqroross aiabaiANC 8ach Pofdis HdRHRIs
and styrene- divinyl benzene copolyners are preferred.

25 [m@f%sq lyrhaver gerpuelumeala poegadivg of dnpnrdntp 200eaim of

int reparation of a Ziegler solid catalyst has at
| cadt Tt OCF i R pErauS particls Size of Irom’S to 500 .
Examples of porous inorganic oxides include SiO,, ALO;, MgO, TiO,,

ZrO, 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 organoaluminum compound component used in the

preparation of a Ziegler solid catalyst has at least one aluminum-carbon
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bond on the nol ecule and may typically have one of the
follow ng general fornmulas. RAMALY3

RSR6Al -O-AIR R8 5 In the above fornulas, R4 to R8 are
each hydrocarbon groups having from1l to 8 carbons,
and Y is a hal ogen atom hydrogen or an al koxy group.
R4 to R8 nmay each be the sane or different. Also, the
letter m is a nunmber such that 2 <_ m< 3. [0074]
Illustrative exanples of the organoal um num conpound
10 conponent include trial kyl al um nuns such as

t ri etboptiadrurtherumolaale dnd negbuipitAly fhve!Bne of the following
di al kyl al um num hydri des such as i et hyl al um num

hydr iggaetahtpraiulasobut y1 al umi num hydri de;

di al kyl al ;I%q nulgl hal i des such as di et hyl al um num
chl ori de A iBimsobut yl al um num chl ori de; m xtures of

a trialkyl i.npgm withga 15 di al kyl al um num hal i de,
such as a lﬁimf‘@_é}ﬁktﬁl et hyl al um num wi th

di et lpy kgd YR I gle; d, Al such as .
tetraet hyﬁg?g%aﬁn%% gné" gt%‘%b%%b%ﬁé%@i%@@ ﬁavmg
t hes €rono1 gan® ahibdnsUME YROA Rdfogeh HBomS

trial kyl al urg' nu a mxture of gg tr(i)af P;?‘g)lggﬁioﬁua% alkoxy
wi t hgeoupi alRytbR Umiay eachh be ititesanae ondifBPerst] kWi8d,UHBIGRS m

is preferred. The use of triethylal um num :
trii Sopumben swehtbah2 g misd.ure of triethyl al umi num and

O ) TN s ot S oo
cat aryapondt kil BERR AR RS Sistdimifum” and
ST B O © S
car bwthylduadiuta, theiki er an@f  @Robutylaluminum  hydride;
dialkylaluminum halides such as diethylaluminum chloride and
diisobutylaluminum chloride; mixtures of a trialkylaluminum with a
dialkylaluminum halide, such as a mixture of triethylaluminum with
diethylaluminum  chloride; and  alkylalumoxanes such as
tetraethyldialumoxane and tetrabutyldialumoxane. Of these
organoaluminum compounds, the use of a trialkylaluminum, a mixture
of a trialkylaluminum with a dialkylaluminum halide, or an
alkylalumoxane is preferred. The use of triethylaluminum,
triisobutylaluminum, a mixture of triethylaluminum  and
diethylaluminum chloride, 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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organi c or inorganic acids, ethers, acid am des and
acid anhydrides; and nitrogen-containing electron
donors such as anmoni a, am nes, nitriles and

I socyanates. O these el ectron donor conponents,
inorganic acid esters and ethers are preferred. 5
[0076] Preferred inorganic acid esters include silicon
compounds of the general fornula R9" Si(ORl)" (where
RO is a hydrocarbon group of 1 to 20 carbons or a
hydrogen atom R10 is a hydrocarbon group of 1 to 20

car borganiceadinohgni®ehdids, dthérs, £46 Antil&d afll il aﬁhgarides; and
I'I'lustrative exanpl es 'include tetrabutoxysilang,

but ynirdgertdonsayming selectrdre dondnst srichrasl&mmonia, amines, nitriles
propyl di met hoxysi | ane, dicycl opentyl di net hoxysi |l ane

and Hoshanaieset HYF these relestsoni denr. coni@aiznls, Pnabeniceatid
et he%sz i ncl.ude di al k é et hers, and di et her conpounds

of tHejERdEHers g ReEmed; | R $O CH, -C CH2-OR 14 1

R12 r a,, RL' 4 are each
i nde[[?g?gl ;]'Ptr %%ﬁgﬁﬁ?%%gﬁﬁoﬁ B%‘SW&HS@‘%Q@WD CmpqHnds of the
hy dr gsREA FBrmalai’, ey, K -
car bons, al ?ﬂough %%y¢ﬁ{%h§1%ﬁlg%h*d§é€%§§%gﬁ?ué)n?f1 to
|11 u20 cabons or exteydebgen hwe,URE idialhidtbebbe arosh 8y
et her, 2,2-diisobut y%nI ,?—ﬁk’di nmet hg%prgpane ggt(r):g5 O to 20
2, 2-afiregns, epd by letter 3 idi sueh hatypapard).  AMuftRARB] ex@nples
t hese gelectron gonor conponents, an organosilicon
conpB6MgCor tefrabutonysitane; or rhytultims thoagrilanry 7) Aeitbutyl-n-
es | referred. Here, 51is hydr ocar bon
gr gf@’@* lldgm?@oﬁﬁsl[:aﬁﬂebons i(ﬁlcy%pentylcﬁmeﬁoxym ane and
cyclohexylethyldimethoxysilane.
[0077] Preferred ethers include dialkyl ethers, and diether compounds
of the general formula
RII
|
R'*0—CH,—C—CH,~OR!*
I
Ru

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 RISRIGSi(OR”)z is especially
preferred. Here, R"® is a hydrocarbon group of 3 to 20 carbons in
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whi ch the carbon atons nei ghboring the silicon are
secondary or tertiary. Illustrative exanples include
branched chain al kyl groups such as isopropyl,
sec-butyl, tert-butyl and tert-anyl; cycl oal kyl groups
such as cycl opentyl and cycl ohexyl; cycl oal kenyl

groups such as 5 cyclopentenyl; and aryl groups such

as phenyl and tolyl. In this formula, RL6 is a

hydr ocarbon group of 1 to 20 carbons, illustrative
exanpl es of which include straight chain al kyl groups
such veychethiy carbont hipims meighporinguthd sdivénpeart ¥écondary or

branched al h as i | “butyl ,

(o 0F il i e acicns
o] -

a)s/ c%@g%% hﬁoﬁﬁ?ﬂyﬁy S"&g‘&“et&iﬁﬂ'&@d ﬁéldsteﬁ%’/%gl; ﬁh&ﬁ%llthgrpupS

t ol ylyc ' -

hyclt Saat b oy eIBpERS| Y SLEHIRLE cxcToalirfyiSeroups such as

pref eyelobantanylhYdo GayIDgFops OURNOEs | pHeRyP 68" RADE- 1o shis

IllTustrative exanples o ganosi [i‘con” conpoun

may fermidadRAS iss uchydrbesrbon ap Gt 1 3oCRORAMINSS illustrative
include tert-butyl-n-propyl di net hoxysi | ane,
di cy&xapeles \af gvhish iospde straightuciain alkyl groups such as methyl,

cycl ghexyl et di net hoxysil.ane.. [0Q079] In the
pyepﬁ'?‘gﬁi%ﬂpg%/ L'aty?ae@ pentyldirpachegtadiylgroupssich as isopropyl,
or gagagHuj n ound, c onent is used in an

arrgunt,_ '%glr’ rmg'llté F e afﬁ'}ﬁﬁﬂné{ 3on"§/cil‘?1'ﬁ t BTpEps such as
co . 20 nol.es

_an:JITp %E?ﬁeerng{)ll Efg/{df ?om 5 %kgrg{?%;rﬁoﬁkgis& &H?gggfléa‘? FYioRHenyL:
conpambatyl igsoutsedhchuisgsheagPaid tolpe! ARbEiPfhet 'bb@@ifgmiula |
atons,ji n catalyst conponent A, of generally from0Q. ’

to 2R006 adiyskocasben eraty yoff I don 10 Bartions,1afdqs gﬂbi%iiably a
and ,no egéeferably fromO0.5 to 800 nol es. [0080]
Aflrpe

Cat AbosiwP A {hio ot geatbensuni Hiustrating oexenplas of

br oGRS Rah KRRuRE 1B Mage e D et gusie dlecsronn donor

mul tdorimaRnRO! yIer igaphon 34 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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reactor, or may be separately fed to the nmultistage

pol yneri zation reactor, then contacted within the
reactor. Alternatively, any two of these conponents
may first be contacted with each other, and the
remai ni ng conponent subsequently brought into contact,
or the 5 respective conponents nay be brought into

mut ual contact in a plurality of divided portions.

[ 0081] Exanples of netall ocene conpounds that nmay be
used to prepare the netall ocene-type solid catalyst

| ncl ehetdry amsinky obe rsepartately ofedotndise ahultidgagh OpbloWeRation
general formula. 10 LxMIn the formula, Mis a

t r ankdactasn thest eontasted swishinuthisereactior.c hA#tatmiativelys anpetwo of
atonc valence of the transition netal, M and L is a

| i gatt§SarGomRaentso mayh dirsty hessaniasiedrevith .eanh ethastanshahe

Skel TR o SRR Hoduneo i Ramiatt, S e
f f : RPeri odi

Tab) SRR A BRI oy ot i ify

pr ef ef dividedigdreiehd/m zirconi um or hafnium [0083]
Li gands L having a cycl opent adi enyl skeleton are

exenffiORf | dixanipley sifbatetdlldcend cynpapest tdt emuy B awed. to
(substituted) indenyl groups 20 and (substituted)
f 1 uoPERgIe Yoo umesaliodengdypartsolid eatalyst dscliude | tratsition metal

cycl opent adj e : t hyl cycl opent adi enyl ,

tert® %@?é&b"eﬁﬂ%ﬁﬁﬁ@“ﬁgg | cycl opent adi eny! ,
tert- butyIL-ﬁFt hyl cycl opent adi enyl , net hyl -

i sopropyl cyc opent adi enyl, trimethylcycl opentadienyl,

t et rian@t Mytmyia)l RPRY REASHYA metal, x is 2 nur%;er which satisfies the
pent anet hyl cycl opentadi enyl, i ndenyl,

4, 5,@0mMi¢ ehleaby of dhatansition ZnevElt Wiy landde iy ligand attached to
3-net hyl i ndenyl, 4- nethylindenyl, 5-methylindenyl,

6- neth Jranaidionymetalz- nAt keaki ontengdurreice 85 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 hafhium.

[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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tert-butylindenyl, 3-tert-butylindenyl,
4-tert-butylindenyl, 5-tert- butylindenyl,
6-tert-butylindenyl, 7-tert-butylindenyl, 2,3-

di met hyi ndeyl, 4, 7-di nmet hyl i ndenyl

2,4, 7-trimethylindenyl, 2-methyl- 4-isopropylindenyl,
4, 5- benzi ndenyl, 2-nethyl-4,5-benzindenyl, 4 5
phenyl i ndenyl , 2-methyl -5-phenyl i ndenyl ,

2- met hyl - 4- phenyl i ndenyl , 2-nethy|-4-naphthy|indenyl,
fluorenyl, 2,7-dinethylfluorenyl, 2,7-di

ter ttehubl;tbrhhdlmy&ﬁw 3- tmﬂbﬁ@*llﬁlﬂbﬁjdt ed4-\t&*’t~%‘u@ﬂﬁld@ﬁyﬁ hes_tert-
above. In cases where there are a plurality of

| i gabiizlindeniyhg a Oytettdpuplindinghy|  Fheitétoylindengke  2,3-

i gand be nutual ly ik |ike. 10 [0084
Li gefHRethyBgedl; 4 haime giadimﬁf a&”émﬁwmmm -

e SR LS, B e, -
Lot n&%ﬁgﬂe@«ﬁhﬁé@%ﬂt S AR

het ex-arstoyT LaaphiBglisaqHm, ﬂ]d'érér{}‘} lﬂgﬁdﬁﬁé@?[ﬂu&é‘ﬁﬁ“@ 7-di-

nitrogen and phosphor u$ ’at ons. group

exertpmlfutjdcﬂlubyerqll kamdy sgbaitped ﬁ-ﬁmidﬁ&)/oﬂl‘ﬂ@@%ove In cases
t hi oal kox§ roups, thioaryloky groups, alkylam no

gr odpsETeal praraiaoagpbupdy ofl hicpidhspaving o oyelopentadieny
he%/egllp(B ’lﬂéesﬁa gs Y| Zﬁﬁéﬂﬁelﬁ | IgI east one

20
ana ORSHCEIERAS T0RleR By B%SF g a“&%ﬂ?m@ﬁl ] ﬁ@é’leton
hal e@&nex@ 1édn‘B_LyUH€teHd’ﬂ on gr hlg%déﬂé hggcg%gj} QFOHZ 5 dnd

iodine ato The hydroca

by Wcﬁrb(ﬁf ghdugs, (eﬁbMﬂuﬁ%@r(ﬁiﬂse{Wm 20 drithtfibie-typ
Two or nore ligands L may be directly lin edpto each
ot hapiasrskekgomy be |inked through a residue

oA G0 BeAmoles i e, e Raecayerin they bessroasomtbeariaggroup
36 include oxygen, sulfur, nitrogen and phosphorus atoms. Such groups
are exemplified by alkoxy groups, aryloxy groups, thicalkoxy groups,
thicaryloxy groups, alkylamino groups, arylamino groups,
alkylphosphino groups, arylphosphino groups, and aromatic or aliphatic
heterocyclic groups having on the ring at least one atom selected from
among oxygen, sulfur, nitrogen and phosphorus atoms. Illustrative
examples of the halogen atoms include fluorine, chlorine, bromine and
iodine 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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phosphorus atons. Illustrative exanples of such
residues include alkylene groups such as nethyl ene,
et hyl ene and propyl ene; substituted al kyl ene groups
such as di net hyl met hyl ene (i sopropylidene) and

di phenyl et hyl ene; silylene groups; substituted
silyl ene groups such as 5 dinethylsilylene,

di et hyl silyl ene, diphenylsilylene,
tetranet hyl di silyl ene and di nmet hoxysilyl ene; and

het eroat ons such as nitrogen, oxygen, sulfur and

phospheipherusCatdries elllvselabivk e8emples "W 80&h residues include
di met hyl net hyl ene (i sopropylidene), diphenyl net yﬁ ene,

di mealkyleni|groepresuct st tayihgldne| etwlerdt altepopsldng] autstituted

and 10 di nmet hoxysilylene are especially preferred.

[ oosakyleneugreunsi \Séch aspiliseethylnatbrehe c 6pepropyident)ds and

i ncl yd i s(cycl opent adi enyl ) zi £ coni um di chl ori de,

b sgﬁ!@ﬁﬁwqfﬂﬂ&w@%_t%‘aﬁw&ps;é@hs%mtez(ﬁ4aglgrq7g?£ps such as
i s(i: yzirconi um di ride, bis(4,5,6, .

t et r%lg‘gegﬁﬁlﬁﬁélgﬂ% ) Zi rconl%ﬁmgﬁfisﬂﬂlleaﬁ de, diphenylsilylene,

et hy hal e : : oL

di neﬂfh&yaflﬂséiﬂf’gij%ﬂg%ﬁé & &neﬁg%tg&&s?%%eehtaggﬁ%eﬁﬁ/rloftqu?sc ok, as

(ij} Cﬁ?jg’?lggg,i gﬁ(.ggéﬁ,”%htfﬁ} sand/| sivdphefusNdemf! tidseC Mbiene,

di metthylese) ytimethylmathjighe y (isopeopydidienely | )dighdnylinetheldne,
-butyl -2 phenoxy)titani umdichloride. Additiona
exarfimeshylpdylend’ conpdetatsilylens, n whidiphanydsilylertel or i dand
hasdgee subgtituted wi t h di mef hoxi de or di phenoxi de
gr ofEeHYES ?'638@5‘?3%3?9?11&’&%{?#@ ts that may be used
int 40N talto t sql.id .
0, 0SSP ORRSAIAS" R b OGRRIACKEE Sohkbuncs ncuc
Orgaﬂqe%/é[l@peﬂtﬁﬂiéﬂ%%%ﬁuﬁﬁd_ boron conpounds. 25gichiaride
[0089] Tllustrative exanples of the organoal um numoxy
conpos(mighylcpclopeetatdiehyhaednilg al uni noxane, dichloride,
tetraet hyl di al um noxane, 37
bis(indenyl)zirconium dichloride, 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] Illustrative examples of the organoaluminumoxy compounds

include tetramethyldialuminoxane, tetraethyldialuminoxane,
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tetrabutyl di al um noxane, tetrahexyl di al um noxane,

nmet hyl al um noxane, ethyl al um noxane, butyl al um noxane
and hexyl al um noxane. [0090] IIllustrative exanples of

or ganoal um num conpounds i nclude trimethylal um num
triethylalumnum tri-n-butylalumnum 5
triisobutylalum numand tri-n-hexylal um num [0091]
Illustrative exanples of boron conpounds i ncl ude
tris(pentafl uorophenyl)borane, triphenyl carbeni um

t et r aki s(pent af | uorophenyl ) borate,

tri (tetrabityldiahmEnoxdRe, taFdkyRUAAMIAbLAHRT RRARAN N

bor at e agg N,N—dinethylanili%iun1 10 ’ Hfutninoxanc,
t et rethya{peinoathe) buoyhbmyinpxies atdchexyd4laafindbee.

granul ar carrier that may be used in the preparation

of [96PE] Ilbestvasive oexamplas fy erganpslupnishimr abinpoandgs inclade

subst.ance,, [l lustrative . exanpl es of which include |

i nor (isylﬂl!%'@‘@é'“buch a@legnanhumm, vy dri-n-ppispaluminum,
Ti - Q7N O.and; ThQ2: cl ays or cl ayey

i narieb e “és"(’?‘s%‘g?ﬁhf@laﬁﬂﬂw-i ITonite,

hectioud I PIIiskAAQE! © ABALRAPOTS ©: ' i

pol y[marst_uc_h agbpol yet hy eng‘{’ft po?%gopyogrﬁgiu%ﬁ% include
st yrteisfpenthifiionypheagbermec opol ymer . [ 0093]yiphenylcarbenium
Met al | ocene-type solid catal ysts that nmay be used

i nclteldekispentafluceopticnyBd i n, Bamategxanpl ari(ntbmsiiagenonium
Patent Application Laid-open No. 20 S 60-35006,
JaparEddsipsniatiuopenheny Bt | obomatg d- epdn NY.N-diraethghadlinium

12 nERs@RpElbor s BRI Lai o open No. S
61- : ; i catiqn, -Lajd- .
S 610975k he WAL RIS o el T WBR iritn? PRRRRg of

S 6In@906QRe sbiidaReAGstPad BRS h Gk i -
S 63.80505 o5 Sapen s Bl gﬁ@%%ﬁﬁ%@# J‘f’gf‘grggggétﬁﬁwe

No. ekadphsivO8hichdpelnds énorganicsdxdésosuchfasfSiD,, ALO;, MgO,
Application No. H 5-502906, Japanese Patent 38
Zr0,, TiO;, B,0s, Ca0, ZnO, BaO and ThO,; clays or clayey minerals

such as smectite, montmorillonite, hectorite, laponite and saponite; and
organic polymers such as polyethylene, polypropylene and styrene-
divinyl benzene copolymer.

[0093] Metallocene-type solid catalysts that may be used include those
mentioned in, for example, Japanese Patent Application Laid-open No.
S 60-35006, Japanese Patent Application Laid-open No. S 60-35007,
Japanese Patent Application Laid-open No. S 60-35008, Japanese Patent
Application Laid-open No. § 61-108610, Japanese Patent Application
Laid-open No. 8 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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Application Laid-open No. H 6-336502 and Japanese

Pat ent Application Laid-open No. H 7-224106. [0094]
When a netal |l ocene-type solid catalyst is used in

olefin polynerization, a cocatal yst conponent such as
an organoal um num 5 conpound or a boron conpound may

be used together if necessary. In such cases, the

net al | ocene-type solid catal yst and the cocat al yst
conmponent may be brought into nutual contact prior to
being fed into the polynerization reactor, or nmay be
sep a%alpéucytltﬁreﬂaid%pm Ne. Hi®B§6%02 aral Japanedt 6t ication
contacted within the reactor. Alternatively, 10 the
respgéiq‘véefbblﬁpﬂnﬁﬁ%l%y be brought into nutual

cont i pl ural i of divided portions. [0095]

The ﬁ(g?él] Mﬁnpﬁr megal cgpg—@eersoilfi cAtalys oise Usedf im olefin

| : . . r
o PEEtafln" 8 AokBlys eRoR cloh nes geBraauinum
to seRBpeSHd bPE bafd é&ﬁb&&ld’ﬁxagl%gg.?éa 'ﬁ(g%e?ﬁerti? P%&?ﬁry In

reactor exterior, It Is desira a ca

havi sugha cas®s sheemetRickhétypedisaliBt &4taRbt Al ek

| east 10 pm and nore preferably at Ilgrgst 15 m '?E%ﬁlyﬁ
pol yérmponrant anay he dirgughtiinta meityed epatict peiob eelibehip fedeito
i nclude additives such as a fluidization aid and an

ant i S atPOYBeazatione reaeigbt & Max Hbe hseppuitelyefed ainton the

cat f the 20 present enbpdigent, concomtant use
rmy e i eI R hvAched bt gaior o b Remetively,

hydr ; £ i.ng . the | ecul ar.
P O R S R
pol yterdlizpbt dividat phrtivhs. By be a so-called

prepol yneri zation catal yst which first induces

pol JREPPk dheomnass amearnl partiRle aditieterofofol thki Bbove olefin
Exanples qof olefins that may be used in

pr e%lmﬁﬁmﬂ eptalystisigrnerally Gowf 3 bs 166 aim.neln bgasphdse

int above: 39 . .
;Q)?ymenzaeuon reactor in particular, to suppress the scattering of

particles to the reactor exterior, it is desirable to use a catalyst having a
mass mean particle diameter of preferably at least 10 pm, and more
preferably at least 15 pm. 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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descri bed polynerization. In this case, a single type

of olefin may be wused 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.
Prodgcti on may be carried out using a batch system a
sem dedcribet] odymenZdtiin. OMnahzOsisk N

The mass nean particle dianmeter o’fy?ﬁ%léﬁ%%dkﬁg%iy be
pr epbisthalpne,airiteo or Moreatifkresit olefing engy B¢ Lived fo@BihGr.t O

1, OOEQL&% In a gas phase_polynerization reactor in

part Methgdpiter producing the prepolyrherizatioar caalyspinclude,
t he ctar, the nmas an particle diameter is

pr ef éﬁtgbgfrﬁ é’[ottl ilgi&?e Og’?mﬂ‘g’ﬁﬂ RBJ(Y@‘-TSFZé‘ﬂ@FIaW agas phase
| eas eo, iLtal.s desirable far the anoynt
of - pRagifieatlih 0 thesk: sy PR Arfionds preteired ™ Hhe use

di 1 _ . and 0
e g, e bR o AL e s

yneriza

cat aPrpslucticry nzy becanibdcast ﬁsﬂﬁ%’ atbiech SPG&A! a RiBatch-type
suspension in a_hydrocarbon solvent or” the [ike.
| nt rY§EE PHa coptimpnisrsystenent wi th nmonomer gas or an

[ h it nis also ossi ble. 20
[0100PIBE eI B, mrau Ao Masssers aohe, prémslpmodeation
f [ Lyol ef i [ h t [

Ges AU 1, BaButP) Biont 500 IR siing orda i ggsa phase
t - ' ! ion actjvijt re
¢t At pheriSITORADlor 1 RSO WAL PaBE! LYW Fh5or
knowef the téueton tengiaginiehs fpatticle dﬁ%ﬁhé‘t@?Ld Oé:%?érﬁﬂly t Jeast 10

e, an o? eF?S n

catal yst. [0101] Separately fromthe a
nond¥ey anghmor preferablinat least 19@m. Moreover, it is desirable for

the amount of prepolymerization catalyst having a particle diameter of
less than 20 pm, and especially less than 10 um, to be low.
[0099] The polymerization catalyst may be introduced into the reactor
as a suspension in a hydrocarbon solvent or the like. Introduction by
entrainment with monomer gas or an inert gas such as nitrogen is also
possible,
[0100] Polyolefin Production Process

Next, the process of producing a polyolefin using such a system
is described.  First, polyolefin particles containing a catalyst
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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L30 into the olefin polynerization reactor | 0OA from
the nozzle 40, the pressure is raised to the

pol ynmeri zation pressure, and the interior of the
cylinder 12 is heated. The polynerization pressure,

whi ch may be any pressure within a range at which the
olefin is capable of being present in 5 the reactor as
a gas phase, is generally fromstandard pressure to 10
MPaG preferably from0.2 to 8 MPa( and nore
preferably from0.5 to 5 MPaG At a polynerization

pr eskif &nthehe wlefimnakymeripation ueactor h&‘\ %wmcthc tiozzleyd0, the
may decrease

) .%o‘f‘?h ot%;ﬁefrg hand, at a reaction .
or eSS J5 Taispd fodhe Polnerization presmRt, anskihe intsrior jof the
hi ) 10 The,.pol [ ti.
! eoctindBRe2 BERGHES " e polmd AR nisurd Vil mavche any
th VY=Y f..it: t. ; )
L't rEresEe bthiit & el £'whiBR (R Bt BRLHAL B beih BBrBlch in

ol efthe rpadtyias a gad ghiaseelisgRBbmlF frbRAShndAE t‘éﬁ‘ﬁ{re 1
than the nelti nggpo?nt, i sggesi rgbl e. Speci f#cal y,to 0

t he MBapepreferably fomr @2 do 8MNMPaGy and fhore pist@blyfiom 05 to
preiﬁeh@glé from20 to 100C, and even nore preferably
fro 3@ Apeolymerizatien frsessire belowe standawlipressure, the
pol ymeﬁi' ation in,an envi [ [

iR ey e —
he 81 5 MH oRfinehl o8 R The SEHUBE rBEL Rékont hieh.
exceife POVAaBrizARIND ABmMPRARN ]S afiks C%&?@g}@'ﬁ%@' %vve e of

wi thin the pol ynerization reaction sys

t he mruinyererthe atriobevubart weight. of Oth® 2prodet .ando bRk efdctbrs,

particles having a particle dianeter of from about

0. 5 athpegh aHempesarenbrloni e meltimgtpeint ofthd olefin polymer,
thod are fed to the cylinder

igp%ﬁ Eﬂ?ﬁﬁ\{?ﬁg}ﬁ( @gég%g?\i@#gﬁeweéﬁl%hmelé@smbas desirable.
| i il intg the. ..

ksl 98 YOhRLARERS, HELERHLE LR KSagrc, mor
CONpisfBradly FHoth YA to 4B0°C, and even more preferably from 40 to

100°C. It is preferable to carry out pelymerization 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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conmponent having a polynerization activity, although
the presence wthin the particles of a catal yst
conmponent having a polynerization activity is
acceptable. [0103] When polyolefin particles are fed
into the cylinder 12 while 5 feeding an olefin
nmononer gas fromthe nozzle 40, as shown in FIG 2, a
spout ed bed of polyolefin particles is formed within
the reaction zone 25. That is, under the action of
the gas fromthe gas inlet orifice, the particle

concedinpahemn haings a nﬁ@l&n’feﬁﬁaﬁ&?ta‘%ﬁvﬂgi gltﬁ&é%lh et{-le Dresence

cylinder 12 in the reaCtion zone 25

f or medthin theipaitigles oifal estafysovomponest H&/lﬁ%’gﬁ bOEB/m éﬁiaﬂon

the gas.. Meanwhile, an annul ar structure of particles
f al | RetVipnistaseepiableer of a noving bed under the

Itﬂglr ﬁ“g@%‘i %ﬁﬁ&%f& ﬁ'pzparﬁ eénfgeﬁed: {;ﬁy ‘iﬁé&@?&ﬂ 13f while
h 2 O

P pour&atieih pIR ook Bht et ferndzzia, 40 c"Jthiob‘ﬁlCE’oEa@ 2,

oo S MR Gy Sle R i1 is ALY %ﬂ?@%‘ig%a% f gone

for n2Sl | Thahis, Bhe&OthEREibA J1RE gal FAh Me gasafrﬁetf ice, the

fromline L5 into the cylinder I2 at a constant ra

per particte ¢canventrativr thiys neamiw cérter stie afiyheséyliRler 12 in the
operation of the olefin polynerization reactor 10A.
As t¥acHon gene2p and spaitt dg f@m&danmwh@hqaazﬁclcatthw spward

eachO8 @%&?\?’%q@s%ﬁ%w@ﬁ% L EBeAIE sracline ohimedigies
th 3 t

on oAPREY ief RN 2R i biddriBg i : ﬁ%iﬁ%” gravity is
bot t fondd \we 8RN Eeriphe tﬂe@é‘(ﬁf’g \Jﬁ?%‘ﬁ\é@ Edaﬁle 1acruiat8{y ﬁllagement

ol ef i n nononer - contalnlng gas spou
sweepipapasies thithipte reattéorbashe 2%hi | e the remai nder of

havi [404h Ongaud spoutad bed bacsheen:frmed within each reaction sonc
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 pést 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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In this way, the ol efin-containing gas and the

pol yol efin particles undergo solid-gas contact and
the action of the catalyst within the polyolefin
particles causes the olefin polynerization reaction to
proceed, resulting in growth of the polyolefin
particles. 5 [0106] For a stable spouted bed to form
in each reaction zone 25, it is preferable that the
foll owi ng operating condition be satisfied; i.e., that
the gas superficial velocity Uo be equal to or greater
t harint thas rway, nthe obpfm-sergeining igak aed aheé t poliokefiat particles
whi ch a spouted bed is capable of formng. In

addivndergo solidrgap epaiast| angr Hise petiens off theheatplystievithindthe
10 gase ei ng handl ed, the m ni.num gas superfici al

vel 3@3@6%1@9 efgss sauiast Ui nelednppolyBearlion gFagion to
pol Lzation. reactor . Vari fermul as have been

pr o?ggéeégaf %"P%&%ﬁé@%o%g %#?Xﬂl?ﬁﬁpal‘at@ess uper fi ci al

vel ggj i S0 ok :

02 195@634 Eb®s st IR Bed 2o Ko} Sadfh teaiofl opfl 25, i is
15 Iprefetible tiout thé @plld@idésopéiﬁtiﬂ@bbh&ilﬁ%n%@@kﬁ%d; P§., itBat
the particle density, PGis the gas density under fhe

pr edbeigas suptriiaabeclatity &), woegiial t@os gofaterthan el triinimum
zone, p, is_the density of air under room_ tenperature

con&as ypsthicaalgvelecity WUms slemdigh @f spowted hedt isd cepable of

01Q7] .The outed bed height.Ls within t reacti.on
-ondorsainge 1A dditon T S Hiical ifapettife lasienpvder and
spo . . LS
Spouhed i NEnAIDL, 3T Bt D B e SRP YL Wink s i
par ihfhudneed by NiHealshfe RSO helasblifnetiSatisit Aleadtor. O Vaithis
than the maxi mum spouted bed "height Ls . Various

f or dodnadad ohawveal beeh aproymstd e foredatoutathpo uhed mihitum  gas

hei ght LsM have been proposed, one of which is
f or fupesficia) velocity Ums. ~ One example is formula (1) below.

1/3 0.2

Ums:i"’-[i’i] \/ZgLs(ps_pG)x[ PG) e (1)
2\95 Pe Par

In this formula, dp is the particle diameter, ps 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 Ls 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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25 below. 43 Ls,,,AX =dB 0.218 + 0.005(Ps - PG gdA .
(2) dB d,, Pcuru,"f Inthis fornmula, ut is the

term nal velocity of the particles, and u.f is the

m ni mum f | ui di zati on velocity. [0108] Fromthe
standpoi nt of volunme efficiency and enabling the 5
formation of a nore stable spouted bed, it is
preferable for the spouted bed height L, to be higher
than the tubular baffle 30. [0109] As shown in FILL 1,
after obtaining a condensate by condensing sone or

all of theL f|¢m ontalr(umg d fromthe
ol efin Ut %a{péh ﬁMOFdenSat e ne%)be
fed to the % in 12 10 frBatdmnozzlle 50 | ocated at

an inter 1 e.stage of. e, cyli 1 his .

enabl es Fﬁg % efPfﬁnH%ﬂ ht" Wg%’ﬁ%ﬂ ‘ng‘l’ct‘%(e"f the particles, and
pol yje mfrlg Eﬁtv% ﬁ?ﬁdl éjnnggmh,epl eni shed. In

addi t1on Iqu| nononmer vaporizes
Wi t hjO10BD®réml med@,fanagonﬁe@xt vbﬁﬂ?i’é’&!ﬂi&feﬁ@} teﬁﬁ epabling the

pol yol efm particles is al so possi ble ow ng

| at eformiatian ofifa hbrev siable sptiteahbed, rit tmefﬂrulblalfot yhed$pouted
reacti on zones 25 within the cylinder on account

of tb@h@ghﬂexftoﬁ@amgh@rthanﬂ@ u@ebafﬂﬁ%ﬂ of a reaction

zone tends gher the, further up the

reac&méﬁ] ﬁ?nsg‘ ﬁntslﬁ(gclata ro rHP& arqea: @x}qaﬁfhag,coggensmg

res [ elj r Lf.ference with

r eagétoltl%@n Q)Zr oﬁlésoggﬁ@ligﬁrg CSP%M@‘H% a4, EepRued etﬁ‘HB they olefin

| i qubdlyRlefihtior? PedBRROMRY chiddrSttef

prO\L/klb )élgl at an i ntermedi g?lzdsnt%gtg ﬁﬁ?“t% Ee?iz ﬁ}eﬁg%l%n%ﬁu

t herfeley #mabtlert) (dvated enperiatennediid Eﬁg@ Wf&hé QCybifder 12.

held to a m ninmum tIﬂ_&)llO] Wth the olefm

pol yhitis| ongblesn thee atefin mawomer eovsumed dyt ke poiwserization

enbodi nent, ltiple spouted beds are formed wthin

t he reaction 'to be replenished. In addition, when the liquid olefin
monomer vaporizes within the cylinder 12, heat removal from the
polyolefin particles is also possible owing to the latent heat of
vaporization. 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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25 cylinder 12, enabling the particle residence tine
distribution to be 44 narrowed. Accordingly, in the
conti nuous production of olefin polymer, it is

possi bl e to produce ol efin polyner having an excel |l ent
structural uniformty. Moreover, when the production
conditions are to be changed, because pol yol ef m
particles polynerized prior to the 5 change in
conditions can be easily discharged fromthe cylinder
12, the anount of off-specification product that

ari sBT g‘é’ea-or cAgrerdmgly,hdnc the teonsinugus f produetiond eaff exefin

Seor Pl Brts eBiet to Brodice Soni poly Pt eting o sxecllent
red. - i i | yme. ef fi ci.

C o el Wity ORI b e ot i canti Faisase to

| i m bedcHangbdle babise ﬁ(gfga,‘??gﬁ@%gicg%ﬁ fpo%ﬁé??ie%i U OF the

f oregoi ng enbodi nent, are énpl oyed as

the cemgs iheonditivns fcan bengisitp|diwhafded B@h!thé c§Rnddrom, the
an upstream side reaction zone to a downstream side
r eacteuntzefradl-spewifieation pioductthpbarssdslas airesuleagh beokut to a

th | efj ticl to be 15 t f db
o] ocRITYEPE deresT Algp.cby rivayicja deflasionn 2ot Suppreaothe
i S e N
Al teéﬂ%lihg%'iﬁ%h bR e %H%%claf.e‘l Is possible to

r P(I ed a ou%ﬁi

use a transferring neans ca e danper or a

douldiod 1 bl Tk epresesiit Ghvemtionis UsR ik ied S BRE 88b P& hbodiment,
on-of f valves 20 provided on a circulation line to

car rkorogxampledem ttharforegoing OdiBidifient,t dewatemein3dsa are
means of the olefin polynerization reactor | OB has a
par t57PYsd As\ilsgneante fors transfening polyodefip partuiles from an

part | from an .upstream sisde reacti on,zone 25, an
ej ec"lp %kr@%g Bﬂdgv F‘?ﬁ?&ogt zgpe ]T? oﬁt‘?%wtfﬁa“% I'?é‘%epdﬁﬂqtlﬂﬂe zone.
re | i L3 ~1and: rejcle feeding 1in 5 L3
uni oro 2wy 16 i eSS e Ruc R sRRNIE aificis b be
t0 aransferred by an ejector system. The olefin polymerization reactor

10B of the polyolefin production system 100B shown in FIG. 3 has an

ejector-based transferring means. Alternatively, although not shown, it
is possible to use a transferring means called 2 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 L31 which removes polyolefin particles
from an upstream side reaction zone 25, an ejector 32 provided at a
front end of the particle removing line L31, 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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downstream si de reaction zone 25. In addition, an
on-off valve is 45 situated at an internedi ate
position on the particle renoving line L3 1. The

ej ector 32 and the vapor-liquid separator 66 are

i nked together by a line L36 on which is disposed a
conpressor (not shown). Part of the recycled gas
separated off by the gas-liquid separator 66 is fed as
gas for 5 ejector operation. [0113] In the above
enbodi nents, an ol efin polynerization reactor in

whi citubitedeatspointerthdiibate poseidnoomthe particheremeoting dine L31.
direction has been described. However, the nunber of
spoukhedejpetes 32 and dhe vapartliquid separater 66 arcilinksd ogethenby a

one.,, Fr t he standpQi nt of achieving a sufficient 1

ol udinel B3P eprehich 5 fESrsbar CORPISHHHBat Hinen) s bart of the
pr ef | ea ee and. e preferably  at
Peadfoliid effsegntnt b e aaTioPl SrREIHERER R Bhges for
neeg; Wrily be fornmed in the verti cal

dire %L?%rn. or exanple, a plurality of reactors

Wi t 001 3ahh tef abidvecbmBodinigits @poktiadpolPRerizatidroféiebr in
at the interior nmay be arranged in a horizontal

di r ochich fiveSspuded begd erk fornmedr inethe virticgl directioadtasrbeen
des}d%n and the operation control nethaod,

it
pr efdepeiiheas. 1 Heweverntheumbsr ahsponted beds rSetlmttlisgit%d glve,
and ontrol the pol ef i arti.cl.e hal d-.up. or .
s iRy dvrb ot oo e Hahiinet 88 woiibiok » sufficient
di . . Lef i . ‘

tho PLE HobPGRELL, 8Tt G Spiftel el & FRribly o8 16 fice,
(i nahddnb: bi’lﬁ“eﬁb?f laf lead sBY. € by REL ZBE ifhiralifAef Qpottkd
nore uniform [01I4] Mreover, in the above
enbbddsared, nét nasssdrilywhe dbrmed iinuhed vdrded divection. 5For
i s disposed near the gas inlet orifice of the second

t ubgxampisafa prdigyfofoieactors within paehe o€ whictha spegle tspowted

cet bRHds damiE ebithoteigansy Do s b rop il Gclign

be ppg Q:Bﬁﬁl%d ify %Eri@gfa@is& in' fealddf désqgﬁ) %@Eﬁérc?pseration 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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of the respective reaction zones 25 can be equalized

by sonme other 46 neans, it may not be necessary to
provide liquid feed nozzles 50. Alternatively, a
liquid feed nozzl e 50 may be provi ded near the gas
inlet orifice at each of the tubular baffles 30.

[0115] In addition, each of the downconers 35a and 35b
mentioned in 5 one of the above enbodi nents has a top
end that protrudes above a tubular baffle 30.

However, in cases where the polyolefmparticles are

i npenlemhsf ibmdy aot tg betessmy tohpravidsildmid Ufeedamgzies 50.
these downconers 35a and 35b and the inside surface,

of tAlécrogtivalyer liquiddeed norzle AQimary beipravided egarithegas inlet

Egb;é%%rwbﬁaafeééﬁggégagﬁﬂ% bR 30cr ude.abave the Tnsioe
cUcHOLF 1. lrEbddiFn GERTE ¥ Gobekls 38 535 Hnednsd in
"9t 4 e NS ATEBbaRertht & &b WA Bt fBRuES Bbo 2

upper reaction zone r'reaction zone 25 may

be subilabbaffleB0ViKeReRd, ocdcsaeeotieipolidiefif bafticles are
Next, a preferred arrangenent of the polyol efm

pr odmpeded froyst Bowidg ¢ betwashoythe a oltdide psurfavesi odit ithese

reactor as the olefin_ prepolynerization reactor and
enpldsygicamess 36 @and3oby and the inside surfacsrefr the ylindend2 or
is scri.bed i.n detail ile, referri tp FIG 4. e '
ol 95 SR Suistkss at e ) BuIaF baBiE 14, il Pmepraers 358 and
i ncl I I '

| 1 3850 Bl B8 Y TR 3 SRARAR e A48 races
| Nt it rédpbdtiviernbaid bAfldsFD. ' aGuLR A ca9¢)eSmésharliétd €k,
The bul k pol ynerization reactor 5 polynerizes an

ol efanror-offavalve)fur ceguiteting the raneount g partidésivhich drop from
pol ymeri zation catal yst, thereby formng gol yol efin
par BRCIRPST reastiopdops| 25 tona pawer waelion gened> imay he spably

bul k | i zati t 5 “th N - ue
o R RRn K28 9535t o S pass through a line

[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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liquid olefin, and are fed to the olefin

pol yneri zation reactor 10C. A 47 nozzle 68 for

feeding a slurry to the top reaction zone 25 is
provided, as shown in FIG 4, at a position | ower

than the powder | evel 85 of the spouted bed. Wen the
slurry is fed into the reaction zone 25 from a

position | ower than the powder |evel 85, it is
preferable to regulate the 5 slurry feed rate so that

t he superficial velocity, follow ng gasification, of

t he nozzjeiéd for déédingatshimy tdthedbp reactivoeonad@d isypredded, as
the mninmum_ fluidization rate (U nf) of the

pol wbpwniin Pk 14, @tes preitiendpwer sham e pawdenolevel 8feof the

25 BAe L Wit 1 S 85t P B e«
ﬁle to re ltlllagenthe

s PR tiaR Eheh R B fer R T ichatiehlle o

zon I it Il i f
ZPORIGR, SRRl o b SptARSa et HIARE i
| evehe GRquidioglefiar withie thkeusluyryl does n@t @oedi the hiinimoim
limted to such a position. For exanple, the nozzle 68
may fhadigation el (His) @f plos polyolefin peaticles held withingbaaeaction
l evel 85. This 15 has the advantage .that, even when

t he ZaredA: &y weulatipgithe shury iggd gatg; iphs wapydis Possible to

relatively high, ,the flow state of,,t spqut ed.bed

be. U Proves L A6 sre < ba apau e R PRy g fp Ae

of L AHLG: k0 : L ks a gas

o P AT 74 0 DI b

cyl i[0gEg] B¢ thefngeMRAEGUS Géetibad a0 Gstfee from a

bottom 20 of the Cylinder 12 via a line L30 and a

composiRmr lobvér thargtse phwddrdeyel §fozzHewetern, shgslowydedding

at the top of the cylinder 12. Gases that have ri@?sq(jn

t hr Pegitionhis noyLi to sucly @ peFikieRar el ekamples thsnazsle 08

via line L40,., and gas-entrai.ne anticles are .

i e Bedrayidsd & el oty highkt s fodfiefejel 85 his

pro .

Dl AR5, 37O OB 96 B e

Vi a ik mRiel@PatBRYy high, the flow state of the spouted bed can be kept
from becoming unstable with the gasification of the liquid olefin.
[0119] As shown in FIG 4, a gas feeding nozzle 40 provided at the
bottom of the cylinder 12 feeds a gaseous olefin monomer to the bottom
of the cylinder 12 via a line L30 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 L40,
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 1.30 via line L35 and

recycled.
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recycl ed. 48 [0120] As described above, the olefin

pol yneri zati on reactor 1 OC uses an ejector system as
the transferring neans. This transferring neans
includes a particle renmoving |line L31 which renoves
pol yolefin particles fromthe upper reaction zone 25,
an ejector 32 provided at a 5 front end of the
particle renoving line L3 1, and a particle feeding
line L33 which feeds polyolefin particles fromthe

ej e r 32 to the bottom reaction zone 25. An on-off

0 :

val i@l%ﬂi Ag dgsaribedaboyeothy elglin polymenzgationsregetasd 0G nees
L31. Li.nes 38 are connected to the parj,i.cle remvin

17 nén S Yy dn s B Stind misnde. HuSdGrs G ens
of j n-,0 10,V 80, 1 i n gas,..f

of YFIA bkl YALRIAP, RO R PRI polyolei
r engxﬂrwesl 6 thd dppérdehdtfordasnd 259amgjdctdie ?@mﬁded at a
[0121] Part of the'gas that has been pressurized by

t he fiontrpnd of ahe pdrticte rérdvinprlinegh3lj el & Particle tfb&ding line
ejector 32. This gas is used for ejector operation.

| n hddiwhish fegds polyplefimepayticlesrieamn the girttany32 hethe bottom
15 64 is fed h the Li 38 to the.
LSRR, SRR A A e i
d i d frth -of f | 0, This. iS .
us el POBRIR 3L oL TR % ret el 10 o pertich Eompvine
t hejigk §¢§106n #ie upg@éa%xg]sgdgqﬁll& ltﬁ’é"’df)%?tr@ir{x tsﬂfe[ 6F Bk Yn-off
y particu

operating gas 1s not subject to an ar

|'i mvileei 80), endblivi e Gak t for praverdifipt BlogplticC o ibe P alththe
of 20 discharging the polyol efi mparticles. The anount

of padiciesedawng fineVdhtviz Hoggasgeding dines £38bl y about

10 part vol unme per 100 parts by volunme of the gas
for

b
Q;l;;’éj Harhof R @as featthgs beqm pressurigad by the eampressor 64 is

o By 108 5% 3 it Bt e S BRI Ehel o

0, LA, B OGRS B 1908 o

ol e64 s fed through the lines 38 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 138 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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pol yneri zation reactor | OC, regardl ess of the open or
cl osed state of the 49 on-off valve 80. [0123] The

ol efin polynerization reactor 10C has capacitance type
| evel gauges 93 and differential pressure gauges 90
for neasuring the heights of the spouted beds (the
positions of the powder |evels 85). 5 The use of both
the capacitance type | evel gauges 93 and the
differential pressure gauges 90 enabl es displ acenents
in the mqer | evel s 85 to be nore accurately
undePLdb¥Va 805y event cl oggi ng of the connection

i neg,f e differential pressure ges 90, it is

or of G783 S5 oy PofiinedatRin’ Bl d0EoRS: Zabagitaes type
per i R aga(@ﬁﬂ% . L. A .

cyli %glﬁli:ggllhéég oglfl node rgg%{ glge%é'mlarg eEé‘ aﬁg&% ?Qn@ﬁa{?%iﬁpnng the
pol yhéiplits of tHeDkpsifedbds @b ' e
body ous o e ey masll’?ﬁl?irﬁ?flggggﬁltegp‘?‘)ﬁ@ee‘?t%?gfgt %)
t he Thesusteofkothithe capaitahteityperievel ganﬁed 93 hid it differential
pol ymeri zation reactor according to the present

i nvePrepBie ganges Uhenablesmdisplasemehtsl inrthe pbvdes lavkls 85 to be

inverted conical shape wth a gas inlet orifice .
t her' 8PP agciitpiely %HPI@FP%S hBhPr@@nwcﬂcrgsang i thg| connection
def | ' .vertically a coaxially within
he ‘T Ton 458 RBTGR RES eteer 39 S uamhurto carty out
I eadir bldAn@ Bohdbit a{@ﬁ B of 20 500 mm and
the gas inl e? %ri T g’:ongt) t e&gg?tom end of each

t ubl EXAMPBERI e had a di ameter dA of 100 nm
Accordingly, in the present exanple, the ratio dA/ dB

bet UB&24} Haagpte Inl et orifice diameter dA and the

cylinder inside dianmeter dB was 0.2. [0126] The angle
of incli nét?SdHldE@f’-aé‘élﬁl wRdel rearigs made of transgprarertigolpényl

Lg?%q%a%% gngﬂage iol}vt%g'ttn%jg %v?rgis%g{lteatﬁé%% i%gl((jiettgg cylinder
was furnished to investigate the residence time distribution in an olefin
polymerization reactor according to the present invention. This unit
had two tubular baffles of inverted conical shape with a gas inlet orifice
therein, each of which was paired with a conical deflector, disposed
vertically and coaxially within the cylinder.

[0125] The cylindrical cold model reactor had an inside diameter dg of
500 mm, and the gas inlet orifice at the bottom end of each tubular
baffle had a diameter ds of 100 mm. Accordingly, in the present
example, the ratio da/dg between the gas inlet orifice diameter d, and
the cylinder inside diameter d 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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angl e of inclination between the outside surfaces of
the deflectors and 50 the horizontal were each 65.
The two tubul ar baffles having an inverted conica
shape were each provided with a downconer havi ng an
i nside dianmeter of 40 nm The conical deflectors had
an inside dianeter at the bottomend of 300 nm and
were hollow at the interior. 5 [0127] The gas
introduced into the unit was roomtenperature air,
whi ch s fedin at arate of 7.5 nB per mnute. The
part ﬂ’@?ﬂggn%@é@l weee eeagh| §9% opYhe twopdutnilad daffleavhagingnan
avera m The top reaction

e rticle, size of 1,100 |, ]

zon emgﬁ’ag‘? Renicak shape pvese eacthpmyided with acdayncomer haging an
wth 30, kq:. ol vpropyl ene-particles, and spouted _
bed?n\g\i[earﬁeglfgﬁeft%r r‘%d‘&(?n&/l?'he & peiea) cde &‘?Iﬁoha‘iéﬁeémlde
by f&8RleRS al - L ndj cat rate from.
DY SR o I chihe 3005, BAPLARL GNP LE o
[ 012827 TheHH iitfodied Pt the NniPAGdd FOSR-bAPRIAGR air
to the amount continuously discharge rom-t ?
dowrtbiehrwem feds ihatquratet bf) 7f%eeh’i per mimiie.t MEhé PAARISs used
portion of the unit. Next, 3 kg of polypropylene 15

par tWeeRolypRopylenerparticles havingage aperage glastiale mizeaofl 1,100
col qr.ed in for a limted tinme, the anount

d fed
of dbfior dfe pt\§/1%tsﬁeé’$t§§1 7ong Ard Jhe totiory reagtienzongegere each
. : N | |
csi raRe, A 36 6 BF R IByIERR Roblicics U sbhuled s were

r esORA&] in thel Fe@p&itRat i t.aiped

To nonitor the aﬁn%d&iﬁzt@ rgeflétggf%dr}%g b%feéglrngﬁ?zll%g ,aqttﬁee abgve-
val uedicated ate|ffat e gad atet Syidice h WRShorRRa WitkilaMbd e

col rence nmeter (Col or Conputer SM 5,

r diffe
rmnE@ bad] e crquigefapolypeapylerst pantiehssideatical libcthy anélnt
det er m ned based

th t of tjcl

on® O BHushG AsehRasa i be Ko Comey evas| ObE6Juckile fod in
sho j . trapsi ent.response curye in 25
ety e Ry B8 o SRTHE Uit “BoA S Haiol apropylenc
ser begichithaving Hﬁaeséﬁ@gvefage 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 impulse 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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series in a continuous stirred tank series reactor
nodel . In this 51 exanple, by formng two spouted
beds, a plug flow performance 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 GCeldart classification of particle
fluidization properties and thus can be easily

f | uiedamplt, byt foeminpodvor spelited dvedsp autpbal bidsls pérddiinyance
formeven wth such particles., [0131] Exanples 2 to 9
10 ce@pprable to thet of » eppiinumiscsticeedrtheae-tank sedes model (three

L:!Sﬁé@%ﬁ E%{fgg‘?sr f :eé‘}fl%ffgsriegc? ?Zﬁee%tnﬂeaﬁéf‘? e ;%alzfe

4. 1013 Exarr A [ ' .
co 10630 Rt Ble 357 RONPOPY s BRTRLSS, CrfordRh pricis Size
ot 00 ERE uSEP 8P s b fHIE 09, AaSifil 8598 YrlideDH the

r eaQebdarh aldssificaRasefipaitichd fluidigation! propefties andshigkan be
tubul ar baffle with an inverted conical shape having a

gas easilyefluidizad;, it svaa robn fipmied ettat\spduted bedafktdbly farm even
singl.e deflector with a conical shape. 20 [0133] The
cyl Wit suekipagiles. model unit had an inside diameter dB

endlirs W FRarils A1 B2TT1 e had = di ameter da of 100

T a2 ol 0he Sl AR B il o

t herdl¥tioi@R) betiweeh ABe HabITRY T 0B oER] Bed fordred 1B Maction

The angle of inclination between the inside surface of

t hezone and the shape of the tubular baffle.
[0132] Example 2

A cylindrical cold model 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 dg 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
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tubul ar baffle having an inverted conical shape and
the horizontal and 52 the angle of inclination

bet ween the outside surface of the deflector and the
hori zontal were each 65. The conical deflector had an
inside dianeter at the bottomend of 300 nm and was
holl ow 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 m
A gas was fed in fromthe gas inlet orifice, and the

f | othesangle offindlhmtion deyweapthesnasigastitfateest wasdeflector and
observed. The gas introduced into the unit was

r oofhe dwpepntelireergi eachnhdGh T conital deflectar rhade anfinside
7.5 n8 result, an_ordinary

s poﬂfaé’a&g’é%t the Bt gmaftlfgi %éiﬁeﬁ%ﬁésmadﬂﬁholm ahtfhpri@tenor-
oy 196HT TBE BRGIR L0808 PRt PR oty Bl anet
T BoREmCRC P CRAYing M alRl QTR SPECPT DO .

[ 0137paswanTied iR f6mAhiedeas! Iteh Grifidd, Radithe Abvareite ofte
of the gas inlet orifice at the boftom end of the

t ubpblyprépyfiénce particlés masi olssteeal. of THeO @asnintraducedainto the
fed to the particle bed in the sane way as in Exarrplje
2 aHBlt s mopBErtenapesalaire piry whighowes fashinl atrreratenof i7¢3 B per
was bsterved. In this exanple, the ratio dA/dB

bet TEBY®t he di aneter dA of the gas inlet orifice and

t he VA i nsi dg: di 5. .As,in .
alaP ST s B8t AR Ay SR8k Be Wby Bralt el Ypadved in
obsehidtithe hattiéle RofSRiMHat] 138 | &li

Asi de fromrpsettf:%[g)ﬁt he éli%g?r{?f}erﬁledi&of tﬁfégg% c&%x?ng?rwas
ori fivge srout hd upvedrihynflendhg tas hed tpattidley stablyf foenled, and
125 mmjnstead of 100 nm air was 25 fed to the

par P3rtictes seopped daven imarmanang bed statemtdhe peripheay dherbef,

1 o¥137) Example 3
Aside from setting the diameter d, 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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state of the pol ypropyl ene particles was observed. In
this exanple, the 53 ratio dA/dB between the di aneter
dA of the gas inlet orifice and the cylinder inside
di ameter dB was 0.25. As in Exanple 2, an ordinary
spouted bed flow state was observed in the present
exanple. [0139] Exanple 5 5 Aside fromfeeding 7.1
n8/mn of air to a particle bed conposed of

pol ypropyl ene particles having an average size of 900

m i nst.ea &‘j feeding 7,5 nB/mn of air to a particle
bed f@’éﬂ-ﬁgé bstwess| ther dismetere dapefr thec ass inlew ionificarand the

aver age ,si ze, pf ,.1, 100 air s fed tg the particle
bed ¥ We“?&??ed\%ggﬁ?%fs‘ﬁ w%ﬁ% e/ nkixampler 2.09n ordinary
of I rtieles was observed. In

t hi tsSB gg%ﬁpq%g,fy%g@ﬁa P%o@%r&%ﬂ ‘Z‘Fﬁ@%ﬁ?ﬂfﬂ’@w meter dA
of fbp3®EBxahipRts orifice and the cylinder inside

di ameter dB was 0.2. As in Exanple 2, an ordinary

spout ed bAside|femn feddihg 7Vam’ hmesfieltd @pﬁx‘ﬁi@lé’ﬁ&ﬁ@(ﬁhposed
exanmpl e. [0140] Exanple 6 15 Aside fromsetting the

di aépelypigpyene partighes havieg anmveiage site 651200 et ingtead of
end .of .thgétuuiggll’l,ar baffle to 75 mminstead of 100 nm

ai r IGRing ¢ ymy gninnef §5 te agpastiplecbadncarnposedraf pelyprapyleme
Exa and the flow stat t he pol ypropyl ene |
o PRIELES Bfing A8 aveidie siae 211, 200 e wi kel o fheparticle
dA/ ¢, t el aneter h Tplet orifi.c
and tg‘liﬁgﬁl 25'%33 |Ed‘<}a"(r3yi{ﬁ£§itl eEgiégﬁ%t gr g%‘gqaﬁsﬁ?)‘yﬁt?{%?fitﬁe
Exappl 1 phrticesWas SRR R ! t
obsgro\ygjél&i)%} t hgérgr esent exanpl e. q[ﬁg}i%l?w@)gﬁptﬁ%%% da/dy
Asi bietweeorthe eliarmetgr thefdhagas dilet Arifite bhe th@sylifd@tinside
orifjce at the bottomend of the tubular baf?le to
12591 tersde 3t@s & 2.1 04s imExampleds anxgdinady spouthé bed flow

PPl s Sseled iing Bresent dxample, P © ° and the

[0140] Example 6

Aside from setting the diameter d, 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 ds/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.
[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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state of the pol ypropyl ene particles was observed. In
this exanple, the 54 ratio dA/d6 between the di aneter
dA of the gas inlet orifice and the cylinder inside
di ameter dB was 0.25. As in Exanple 2, an ordinary
spouted bed flow state was observed in the present
exanple. [0142] Exanple 8 5 Aside fromsetting the
di aneter dA of the gas inlet orifice at the bottom
end of the tubular baffle to 50 nminstead of 100 nmm
d,to the particle bed in the same way as in

aEi(;r’fﬁmﬁé dz\f/‘gm detreny ﬂ&é\ﬂla&eé?redmmft the lgaﬂ jijetopsificeaand the
Pt | . ! .
32& uhs, MR damlal o ahs G5 ARdR JEenaloat bﬁdie@-y
' ' ' ' B 0.,10. T
For poeehbepld e WaS iGN IS et EpIE ae

conf0t4®jdEkamplei exanple. That is, the spout noved
of f-center, formng at a position other than the

cent er axfsideffrarheetting the dbametehidg bfithe s thiétesrifideest the
' variation in the height of the particle bed

Py ol 8 s dponacl o Sina, d e
| Sl R PastEle bodhin Sieogams eavaspive EBampledd andahe flow
e Choot B8 PUATELTlent el Pt ifaried , IBohinsrenmledse
e o PEERA thp hginsicn . BT oS R i B e

pol yylimjey lieside dimidtel €5 w8 9. NS ETNE fhrmlalioh HFS sgéa{m' Bed
the ratio dA/dB between the dianeter dA of the gas ’
i nl altheyghf pestabledwah eonfigrhed de this resiarpleli alMedtes, 08 st
0.10. The formation of a spouted bed, although :
unstEBre ° tely FPTRIRE At RrPosiion ethantbian thahenter axis olfiche
f.orm ng .at .a _position, other,

¢ hecH iR BB n R Shrecif apitypn i ol heighicat o petick
reskdd peripherd] YGThEhAR. | Tn ticIG, GhE s%]:)u{ ?gnﬁ%ét;i)ocskt?on
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 ds/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 fs, 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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bed peripheral to the spout. In addition, the spout
formng position 55 was observed to change
irregularly over time. [0144] Exanples 10 to 13, and
Conparative Exanples 1 to 3 The pol yol efin production
process carried out in Exanples 10 to 12 of the

i nvention included a step (Polynerization Step I1) in
whi ch 5 propyl ene honopol yneri zati on was carried out
usi ng a spouted bed reactor. The pol yol efin production
process carried out in Conparative Exanples 1 to 3

i ncwasiehbenvest torhamge imeguilardy over tBhep 1) in which

propyl ene hon?pol nerization was carried out using a
1 dPA#SLEmmples O b and SiomeparativeExpoptesd toed
e bR R SR RS EhaSE ¥'o
Poj ' j t ' ' - v |
ol 5P o6 s 1o WELGRALARN 08, T
;gﬁgﬁj’élgnéiﬁ% 0 g % hgn%%;dsr?(‘:%% t?}ir}grﬁggrti es %'ﬁﬁgouted bed
polrgaor. \iEtecpolyakfinestodacticy platassecareied das i Coftbarative
bel ow. 15 [0145] (i) Intrinsic Viscosity (units: dl/g)
Thribamples dr ént3 éncipdesk ansiep (Pobymerézition SiepsH) vinnehich
L0 hepBhe Horahelyrobiaion, Wes GAGIoAbE pBg A fudized bod
SCNERI el gPy MISEERITHME: SR ShlhS iSdudin
h R h i
{enmarish FErig] ofS JpERSpRIRS 7 WY ERRACHIRCEEA S sjep
ac ¢Pobangizativh Etéﬁﬂlmtﬁﬂi@hqfrofﬁleﬁélbﬂiﬂﬁﬁ c(’?@%ﬁﬁé@ﬁﬁon
on page 491 of Kobunshi yoeki [Polymer solutions],

whiveds gagried oliunsing 3 spbutiéd edgiactdr. k Kardgeoples 10 to 13 and
[ eri mental_ pol yner science] (1982, Kyoritsu
Sh ,UY%(Emgﬂﬁ%Seé t9i 3 cthsi Bysigak pmm%%omesnglm
25 concentrat,d o and tdwe (iint ri)er:]dsi:)cl Vi scosity was

ed as elow.

d etvségrmeéaaurgg and’evaluat escrl
[0145] (i) 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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extrapol ating the concentration to zero. 56 [0146]

(ii) Ethylene Unit Content (units: w % The ethyl ene
unit content was determ ned by the IR spectrum

nmet hod, in accordance with IR spectrum nmeasur enent
descri bed on page 619 of Kobunshi handobukku [ The

pol ynmer handbook] (1995, 5 Kinokuniya Shoten). As used
herein, "ethylene unit" refers to structural units
which originate fromethylene. [0147] (iii)

Pol ynmeri zation Activities in Respective Pol ynmerization

St eﬁﬂ§46h(ﬁii)Ethybi@)Uﬁihé3mmrm@niit&ath%)act ivities were
cal cul ated by dividing the 10 weig %dgl) of pal yner
M

produ?edhﬂlﬁ %lbxlﬁnpmtlr@nt%ttweﬁ dgteég? ) dhe J8; gpactrum
) mlofly 3p | gordangs will RSP 9%?85%%@?5@?&9&%%0“
co ﬁﬁ%ﬁi‘%ﬁ’f%ﬁ?{‘%’" anidobk B 1988 peThet MERAEH) (1983,

f ol K pkai yf OrgRdteh). FERs=u¥dd meréml%ﬁﬂeh@ Cuhif "E‘é&'&s to

W stands“for the’total anount of pol yner produced

: (hosmmhulmnmmrtﬁigmmdimmmmﬁ conponent

combi ned) IS unit tinme, and VWP is the anount of

coplil ¢ # fiii) oRplymerization dActistitissr in Respactive i Radyinerization
Po mer|zat|on ep (I'11). [0149] (v) Intrinsic
B$ (‘&m f B&%yrrer Produced in Respective

5?%%2? | S pmeapation BobPiiss Eb cATRR pE dididine e
P
[?I‘i@gﬁ%i@i he "po 13?/1& &er%%&ehglr#pg%‘éﬂn? ag‘}"éﬁjce@ﬁl $t¥p by the

Polweieht 18f bPtheSt6Id (ChbalyRdnmipitiechn éd BSitlat polymerization

step.
[0148] (iv) Copolymer Component Contént Fgp (units:  wt %)

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

Fgp = Wgp/W, 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]p; of the polymer
component produced in Polymerization Step (II), and the intrinsic

viscosity [1]ep of the copolymer component produced in Polymerization
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viscosity [TI]EP of the copol yner conponent produced
in Polynerization 57 Step (I11) were cal cul ated usi ng
the following fornulas. [N1]JPI = [Till [3I]P2 =
([71]2 - [71]P1 X WPI/ (WPl + WP2)) X (WPl + WP2)/WP2
[71]EP = ([71]3 - [31] Pl X Wl /100 - [T1]p2 X WP2/100)
X 100/ VEP 5 Where [71]1: intrinsic viscosity (dug) of
pol ymer from Pol ynmeri zation Step (1) [7i12: intrinsic
viscosity (dug) of polymer follow ng Polynerization
Step (I'l1) [7113: intrinsic viscosity (dUg) of polyner
f oBtepIITY wRed yalenlaveahusing thefolowing farulagl: Anmount  of
pol yier produced in Polynerization Step (1) (kg/h)

W PnlpAnsun{nhf pol ymer produced in Polynerization Step

I kg/ h 0150 i Et hyl Uni f
éo{%]rgr%Co?frbﬂl[ner{ﬂ]P]FPr%ﬁr?dé Pﬂ%"i};{ggﬁn ?I%WPZ P2

gL A O
TP TUERE R o ol o

Here, E3 is the ethylene unit content (units:
wt 9% of the polymer 20 follow ng Polynerization Step
( |m|£h]2-: iftmdlc ¢iscositFi(déVgy of Gmiymex dollowingo Fotymerization
C nghe polynmer was fed to a T-die filmform ng
ma®temdI) (manuf actured by Tanabe Plastics Kikai; T-die

hadby NSV SCAHBE AAUBY o5 PgTRToRRE Soumerffn
Sh%?éptﬁﬁ manuf actured at a tenperature of
Wpi:  Amount of polymer produced in Polymerization Step (1) (kg/h)
Wps:  Amount of polymer produced in Polymerization Step (1f) (kg/h)
[0150] (vi) Ethylene Unit Content of Polymer Component Produced in
Respective Polymerization Steps (units:  wt %)

The ethylene unit content Epp (units: wt %) of the polymer
component produced in Polymerization Step (II) 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-die 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 pm thick sheet was manufactured at a temperature of

210°C. The resulting sheet was placed on the platen of a scanner (GT-
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210C. The resulting sheet was placed on the platen of
a scanner (GT- 58 9600, manufactured by Sei ko Epson
Cor poration; resolution, 1600 dpi). Next, a Hansa
Hard Chrone Ferrotype Plate (produced under this brand
name by Om ya Shashin Yohin KK) was placed over the
sheet with the mrror-finished side of the plate
facing the sheet. Setting the scanner 5 resolution to
900 dpi and the tonal gradations for each pixel to 8

bits, an inmage of the sheet was entered into the .
condfRmam:ifactiresdclry Sedkoviipson Compration sesolittan, i1R0Q dpi).

ek adisyied v iame {Brorbe Sy b Jbidift wilis s brand
o s Py gy SBRS i MR RAC i Bl Ao M et i the

?ir e[ﬁl%bﬂhh%[’lﬁ& I%Ftﬁ:l Bngg‘ifelr %lﬁfér f&ﬁg%g{bgﬁeeﬁe C@étﬁﬁ% thd'8canner

sheyes were o Ite s the size of each

fi sheyRtivaso 900ulpi add the tohal %imlaﬁbm farfeash pixet ke 8 diits, an
the sane surface area, and the nunber of fTisheyes

havinmegeaofithernsheet wos efBdedninto the compaiter aset blackand-white
The, fi sheye count was. the nunber of such fisheyes, per
15 imagecadd spveddn oh bitmapped Sormet, o phug magge was digitized

cqurBpbaTaee roabaf iBediaBradidychy il RaseEypnedity
th d ‘ - : 3
ey R elor L URGEE RheTbaaRd RERET AR Rt Fisheyts™ et
CY CleRBEi¥ L@ b Yikdhis TRAtARS Yl ghtétethar ehdih sarrv@sdingsl e Bddause
of a solid catalyst conponent, follow ng which 15 g

of theofisheses were of dndéfimiteushapef ale i sizeo wéreagh plshieyd whs

about 30 minutes while holding the tenperature within
t heeqatest tanke diamagien;pf nocrcle mfr bigysame pyifees onge, aud the

pr epol yrer i zatj on. The prepgl yreri 2athgn shurry uas .
determined. The fisheye count was the number of such fisheyes pef
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 camying out
prepolymerization. The prepolymerization slurry was then transferred
to a stirrer-equipped 150-liter autoclave made of SUS 316L stainless
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to a stirrer-equi pped 150-1iter autoclave made of SUS
316L stainless 59 steel and 100 L of liquid butane
was added, thereby giving a prepolynerization

cat al yst conmponent slurry. The solid catalyst

conmponent used was one prepared by the sanme nethod as
that described in Exanples 4(1) and (2) of Japanese
pat ent Application Laid-open No. 5 2004-182981.

[ 0153] Pol ynerization Step | (propyl ene
honopol ynmeri zation using slurry polynerization

r easteadr pn@r 0§ | Enef hliquidobueeke aaisi addeds th&eby e?ivmg a
using a stirrer- equipped 42-liter Bessel-type sTurry
pol peBelymerization eaatalyst nenieparient 18luftyS 3Thessalid| estalyst
steel. The Eg%ﬁnerization reacti on was carried out

whi $ERRAIEAE Hefs WAy one BEPAEE AR seme, mpthedgdhat described

tri.et ' cl-qhexyl et hyl di,net.hoxysj | ane and

t ne s et Rt G O 88t b ABRLA ah LRidyoheh Ho.
t hegogapdRyg1, The reaction conditions were as follows.
15 Pol ynerization tenperature: 70C Stirring speed:

15001 53) Polyumetizativg! St ' i
ratq e: ?.;_qS klg?ﬂlw Hydr ogee? 1! g@gééﬁgteré%%%oﬂ;dgfxﬁ)%g&ﬁﬂ %%ng
Tr isdurny pelysmérivatioh eexttodt e 45. 3 ol / h

Cycl oheﬁél et hyl di net hoxysi | ane feed rate: 6.6 mmol/h

Pr epol ynBrapyigneohomeapelymsrizetom ovasncarsedirouy ubirea rstitrer-

CMTRIEE 8 PR SR ) s b o
E ce) ;Sﬁ.#é g?g s{tzlh.}r%ges% $ﬁgfggrhet B(e)ly%llelf'{z% iOlq %gac%orgle%gs carried out
while continuously feeding propylene, hydrogen, triethylaluminum,
cyclohexylethyldimethoxysilane and the prepolymerization catalyst
component slurry 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 a2 mean residence time of 0.29
hour, and polypropylene particles were discharged at a rate of 2.67 ke/h.
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hour, and pol ypropyl ene particles were discharged at a
rate of 2.67 kg/h. 60 The polynerization activity in
this polynerization step was 4,790 g/g. The

pol ypropyl ene particles obtained had an intrinsic
viscosity of 0.93 dl/g. [0155] Polynerization Step |
(propyl ene honopol yneri zation by 5 spouted bed

react or (gas-phase polynerization)) A spouted bed
reactor having two reaction zones in the vertica
direction (1,440-liter capacity; inside dianeter, 500
nm) Theapotymerizitied activityusethisThelymerization istepf wes 4429 g/g.
def| ectors were nade, of SUS Soli1 staj nl.ess stee| ( 't&
sur The @elyprepyees) passiclast 9btaped thagd @Hrtmgwﬁéﬂsgosrjw% 3
10 d the material making up the rest of the reactor
was S 316 (wwth surfaces finished by buffing at a

gri [ . Thi.s. T : S
er 01551 olmiitiion, (g o B SpRimptEiRy FRRNR Blic ot By
I'S, sp Sbdd feﬁéto@'ﬂgasglﬁ’ﬁasg'p%[yﬁ'ﬁéﬂiﬁioﬁbﬁt e within the
oridginal reactor were taken out and, in their place,
conbi nat if ﬁgoméd bed wbadtar hivdh twoaredctionl Zorsfihahe eertical
were installed coaxially at each of two stages in the
verdirestion di44eliteo sapatity; indide diameter, 509 was fumnished
def| ectors

sed _here had th shape and si S
t hoteE Wieed The ebulas| balfes adsdilioaiars ety Qe ALSHG 304
pol ypr | en ticlkes d_,l i,qui opy,l . S
P01 NBRRBNFES (BRRC LSS, Tl RN £1Fk VRSO 360
L e Hid hatctfAl AR ' r88) SORE! Rhctbl WSS SAFith
step to the top reaction zone I n the spouted bed
r eagiirfices Hifiskeduby \bufhy M€ Zat 528 ofe300)0r Thiy rédecor was
spouted bed reactor are connected via a line, and the
anocmtvented Sorinseg hefeefrota tthadigzpd bed drebetdr mathe stonreri s That
regul ated_ by an on-off val ve provided on, this |ine.
25 5o 7 tinereand Brb fiSPETsian Plate Mifhin dbeorigal reder were

mrt%kterrllo%? a\.{\lk&? 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 slurry feeding methods were tried when
feeding the slurry to the top reaction zone of the spouted bed reactor.
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feeding the slurry to the top reaction zone of the
spouted bed reactor. 61 In one nethod, the slurry was
fed into the reaction zone froma higher position
than the powder |evel of the spouted bed. In the other
method, the slurry was fed into a position |ower than
the powder |evel of the spouted bed; that is,
directly into the particle bed. It was 5 confirned
that the slurry can be fed without difficulty by
either method. Mreover, it was |earned fromthese

t esinsonchaiethoth) ¢he sherynwhb detl ofto the eelctigntdome fretnra/higher
directly into the particle bed is used, feeding the

s| upasitiomtthamithe epowderalevgl fofe e spoustd hedut Inobe other
ti mes_per hoyr and thus, making. the anount of slurr

f ecmathognthe slHEYSHes fod intearRasticriqwr than 1e RWORT i%@/el
t he ow st at f.the spoyted,bed i mting the feed
ol YR Bed, G e 3o tirEetip 3Bto, ke rsr e K, T s
su i i al . P L : |

1 antieie nh8Sinky () bO R HihGCAIiaR) B other fethod
t hevakduverNitfwid deagaéd drom echesd testd thdthhefagiel @Bthod of
zone. This presumably nakes it p055|b1e to suppress

f | detdiagi thessluiryhdinedtlye irtp sthenpdrfickes bed iiatusdd wifgekling the
gasification of the liquid prop%/I ene, increasing the

st by dgtegnittently fat evregugney phabews )odimesiperdepur and thus
e T
t e A e IR bl AL ShGRbU BB BRI B TR 6r

POl tHERMIFAhaMRs if PBsdiBRUl Recp ' MeNsigerfQail eBlo8it} FORER
obt ai nedl?z_xai n E>S<aln‘gl gé 100and®21 asnéﬁirn %:on'parla ive e

Ex gymeifecatibntod the lifjoid mopyltae presehaimee shairngronexceeding

met hod in which the sl urrly is fed directly to the

parthe cminiiegm |fhiidizatiph eselogitgndn 18he trRactionesannes

obt ai ned for Rpol yrrers_lgbt ai ned usj n‘rgqlt he nmet hod in

whiREFSURHAY dpakesyt passilg 9 ﬁwrsssp@g' ARAPSVEREY thesyprem

the,sDouARH liv(i}tﬁelgasqﬁcgtli]&n o%ﬂﬁaiitq{lﬂ %rgfyqéne, increasing the
stability of the flow state in the spouted bed. Another advantage of

feeding the shurry 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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[0158] The spouted bed reactor used in the present

exanpl e has an 62 ejector-based transferring neans

(see FIG 4). This transferring neans, which is

designed to transfer pol ypropylene particles fromthe

upper reaction zone to the | ower reaction zone,

includes a particle renoving line with an on-off

val ve, an ejector and a particle feeding line. 5

Mor eover, 10 vol % of the circul ati ng gases (gases

di scharged fromthe top of the spouted bed reactor)

wereiedtedbaseddragaterfing ngeas {seenilG He.  Fhisdtransferting means,
1 vol %of the circulating gases were fed to

ddi tj on,

? h e\bh{ggglﬁ resatEngddfodapger palyPseRIdsne Partidesiras the apper
O B e thel R Sl ol RERET s FARSHE YEkoRthg
b ,0N- tj t d
O olie! St P LTI 9 ERRY thd NP pABRAIE SRAIAR ine.

Mo NgofRIvieR loYvol Pyt %ﬁchfﬁﬁgﬁ%ﬁ@&d%& &is@ﬁ‘ﬁg{e(g gfoﬁg the

only to the upstream side or stream

al aop.of] thtS58joubec el eractar weyelfodeis svarae fop roperatings the
fed fromthe bottom 15 of the spouted bed reactor
hawelerion. hdnasiditéon; ohsol beof dhe ciraulating gaags weze Sgbta the
bed was forned in each of, the top an boitomr action
z orfpstrean and glownstrears §ides PIphsppnwaik valve on the particle

ho lynerization was, carried out, wile r gi

ex dRUOVHLEE T o CpreRt oBntugtiont C Tt P Sortmel thaty By
condidihONdy; 3 ¥a] 20 I [ LO

F ored hg Uit B ARIPE prV¥bing R &THONE Ty *fogifoam  and
( galegmnsheamssides of Ché on-ffi vidveladobbiny daat Be nidie rbiably
Propyl ene feed rate: 20 kg/h Hydrogen feed rate:

1, pEovatechtias Woéry pucipg igases et onlkyl te thelwbstreamidek gr the

top stage, 30 kg; bottom st age,
( d%wnstrgam side al%ne. J

[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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30 kg). 63 [0160] In this reactor, the pol ypropyl ene
particles had a nean residence tine of 4.6 hours, the
concentration ratio of the gases within the reactor
(hydrogen/ (hydrogen + propyl ene)) was 10.4 nol % and
the polynmer particle discharge rate was 14.9 g/ h. The
pol yneri zation activity in 5 this polynerization step
was 21,900 g/g. The pol ypropyl ene particles obtained
had an intrinsic viscosity of 0.93 dug. [0161]

Pol ymeri zation Step Il (propyl ene-ethyl ene copol yner
ob{@i 603din thistreaétor)itHe pOLypeesl egaprtitles had-aMase residence
pol ynmeri zation)) The polypropyl ene particles

di sinteaefiéd Houosnthé eosqemtriation atdio of ther gemes withiim theneeactor
previ ous stage were fed continuously to a fluidized

befhydregen/dyy Qgﬁﬂad ?inrypylg%)) LYyas Tﬂél mpl, Yo, am%jths‘enolymer

SUS, | 316 i .
| nerdile drRbEgeom (s g%?;s{h- . d'e?m@?éams_t o Bviy e
L ES pPlfaReRtys, WA 1000 B The BUVBIAIIAR Surlbted

di 3B Pnrifdie viscadity Sf0.9§511/g9162] Propy! ene,
et hyl ene and hydrogen were continuously fed to this

f 1 {0k613 Rblpedrizstion Step HNGpropyipyd-ethglenptopblyth@rsbtained

- copol ynerization was carried out in the presence of

po Wity Duidized bedaeadtor (zaswihasepplymgrzgtio®cess gas to
hol d the _pressure constant. Tae reacti on conditions
5

were as € PPYREOPY enpettiraes discharged drarethesnouterhbed
P i. i 1.4

o P e e PioRS 3teg; wérey choi By oah ke bed
r aP&bt&”(c?;éﬂecgty,r GEAY. .eg?h% ?ﬁﬂdi&é& Bed fezotdtIis nfade of SUS

Hydr ogen ate: "4
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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Pol ymer particle hold-up: 55 kg 64 [0163] In this
reactor, the polynmer particles had a nean residence
time of 2.7 hours. The gases within the reactor had
the following concentration ratios:
et hyl ene/ (propyl ene + ethylene), 27 nol %
hydr ogen/ (hydrogen + propyl ene + ethylene), 0.79 nol
% The 5 polynmer particle discharge rate was 20.6
kg/h The polynerization activity in this

merization step was 10,300 g/g. The copol yner

Adhin ithis tréastqry Itl;mpolypmrtpacﬂlceles hid aimmeth fesitlende time

|ntr sic viscosity of 4.08 dl/g, a content of 27.9

kl; raa hahelirset hie rgasesi witbimtthet resctcg3 had thes folewing

Lﬁf’@%ﬁﬁr@éﬁrﬁ s b fsfpiateritors 016%35%3‘5% ol %
Eﬁ'a SRRy R BRLRY, LrOBRah B me T, éﬁtﬁ
W;ﬁ%ﬁ%@%%&% S T "’I%Z%ﬁé?%r

f | uictivitgviel this3Polymdrizafivhenep vagd10,306:g/36 TRE h;
Hydrogen feed rate: 137 NL/h Triet hyI al um num f

r ate@mE@mest lmthe/ pplymerartmie:x pbiaired kiidren fntinsic 1Eimeosrcy
fee 4’@#}5 nmol / [ ‘g{)ol ymerization cataly

ﬂgo 1/34 %P?@/te%@%?l? et Ypan raaratbﬁlpn@nmtmry@tf 33
co baS| g gg,he 65] In this reactor,
the's urr PG e shovedn daheed - time of 0.84 hour,
an tiwhi ch the pol ypropyl ene particles were
di s%%ﬁglégﬁlﬁgg 1Was 6.61 kg/h. The polymerization

ac tHotyrhyrizationniSterPdl YpFeby Rk ROMBbERmerization 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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was 11,200 g/g. The pol ypropyl ene particles thus
obtai ned had an 65 intrinsic viscosity of 0.92 dl/g.
[0166] Pol ynerization Step Il (propyl ene
honopol yneri zati on by spouted bed reactor (gas phase
pol ymeri zation)) The pol ypropyl ene particles obtained

in Polynerization Step | 5 were fed to a reactor
havi ng the sane construction as the spouted bed
reactor used in Polynerization Step Il of Exanple 10.

Aside from setting the pol ypropyl ene particle hold-up
t o brikgc (isepsisy af@.9220¥gkg; bottom stage, 23 kg),
propyl ene honopol yneri zation was carried out in the
sani16éy PadymerizsiopneStep alli dpragiydene (hamopolpmptisation by

10 [0167]). Ip this reactor, fhe polypropylene particles
hadSRP‘H%Lhe$$§PWéﬁ&® phaserpolymentzatinghr s. The rate of

P S A ) i e 1
1=SwefORR0h e iR 4 B BRI G

Pol seaBlor agdetion BbKeriZatibR SBY I8N BkApRNE0. Aside from
copol ynmerization "with fluidized bed reactor (gas

phasttimp therpolypaspydend paitielephbldoup py 146nkg ropt stapes23 kg;
obt ai ned from Pol Kmerl zation Step || above were fed _
t o kotteastage, Rakghgproprlena komnpesimenization wias edrged out in

L R3St S kB ol
' Q
et r8rL TR RS ST B peik R For e RO i o ince
Pr 6$@BCSE 9ft ROy P TH&!'rﬁféeoPﬁbypré}gﬁeﬁé“p&Hﬁlé AEhABE Ras
170 [e”10. [0169] "In

in Polynerization Step | np

t hi B4.7 dgg.or Thé pelyprmrization pativity irethisipolytneration step was
residence time 25 of 3.1 hours. The polynmer particles
wer B3,608 gigr gddearesultingt polyfprigylene particles had an intrinsic

viscosity of 0.90 dl/g.

[0168] Polymerization Step III (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 III of Example 10.
Aside from setting the hold-up of the polypropylene particles to 60 kg,
propyléne 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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kg/ h. The polynerization activity in this

pol yneri zati on step was 66 8,470 g/g. The copol yner
conmponent present in the resulting polynmer particles
had an intrinsic viscosity of 4.99 dug, a content of
25.4 wt % and an ethylene unit content of 38 wt %
The results are shown in Table 1. 5 [0170] Exanple 12
Pol yneri zation Step | (pol ypropyl ene
honopol yneri zation using slurry polynerization
reactor) Aside fromchanging the follow ng reaction

conBjd70quig, The eppblener vonmpakynpresertindhe vesaltomy pcblgnher
out in the sane way as_ in 10 Pgﬂpyrreri zation Ste
Exammt]@lesmadm wthiysie vigeopityrof 4819 dldg.ca cament m ﬂrwt %

cl ohexyl yl di net hoxysi

Pre W .‘i PPdHlltcﬁ‘Pr&FWsP%gg ?fﬂt[@ﬁﬁeﬁétﬁ? @‘@ds

(polﬂ% r| zation catal yst conponent basis): 0.566 g/h
In this reactor, the slurry had a nean

r esfg 0.79 hour, and the rate at which

the[ pol SEF%WSEIZ particles were discharged was 4.93

ka/ PelyhiiZation Sép I Eholgpropilens Homopol zh‘le‘irlzatlon using slurry

pol yneri zation step was 8,710 g/g. The pol ypropylene

par polynesizatios redetan) ned had an intrinsic viscosi ty of

0.90 dl/g. 20 [0172] Polynerization Step Il _ (propyl.ene

hom)pol yrbsifle afioon Shangipguteel Bdlpwisgcispctigiascosidiens,

poI zat| on%%ﬂTheg%gllgg\mqul ene partl g%{l‘g‘?t‘ﬁ%%én

in
| theggﬁfﬁﬁe?%%@{ﬂf%%?ﬁ%b OEQZ%FS ?Sfj pSi do rom 25

chamﬁbﬂg,_lgl{jﬁlﬁlghlfpga Rkl el ifiofRNdi ti ons, propyl ene
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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honopol yneri zation was carried out in the sane way as
in 67 Polynerization Step Il of Exanple 10.

Pol yneri zati on tenperature: 70C Hydrogen feed rate:
1,360 NL/h Pol ypropyl ene particle hold-up: 57 kg (top
stage, 28.5 kg; bottom 5 stage, 28.5 kg) [0173] In
this reactor, the pol ypropylene 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 polynmerization step

waspPol¥mepidftien StepMefBXatiplé Mg. pol ypropyl ene particles
had an intrinsic™ 10 viscosity of 0.97 dug. [0174]

Pol Bolgmieriahiiom teBiypgrature: (POEpPyl ene- et hyl ene

copol ization wth fluidized bed reactor (gas
phafgﬁgmyrfmd@éﬁl oh$$0PLApr opyl ene particles

{0 Eoly By lsnen BRI G uhine SJoFb I s8R, 2873 K> bogom
d Pol S 111
%%ﬁ%ﬁéﬁéﬂﬁé Eropyl ene. and et hyl ene. copol yrer  zati on
Wasyof b?{)ﬁ?ﬂng kG g&‘eﬁolmrﬁfe 2P8QBE Ba®h mean residence

pol'ypropyl ene partf ms way as in

Pol tyierdfz4R1 ReurSt eWheé Irateobf léﬁb phAiitloHischarlgi was
reactor, the polymer particles ha a nean residence

ti niB.6kg/lof Bheépblymerizaline aptmyym thisipolyolerization step was
di scharged at a rate_ of 19, /h The pol yneri zat| on
actl %3@@ g/ t fihe msnifing ipgbfnrw &R Pajiges i@ﬁe o 1gyisic

EEF SR o BBRaG an' i ntt i msi o 5?5025??5t3?94 30
o SR b T
1 with fluidized bed reactor (gas phase polymerization))

Polypropylene particles obtained from Polymerization Step 1I

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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[0176] Conparative Exanple 1 68 Polynerization Step
(pol ypr opyl ene honopol yneri zati on using slurry

pol ymeri zation reactor) Propyl ene honopol yneri zati on
was carried out in the same way as in Polynerization
Step | of Exanple 10. 5 [0177] Polynmerization Step |
(propyl ene honopol yneri zation by fluidized bed
react or (gas phase polynerization)) A fluidized bed
reactor (capacity, 1,440 L; inside dianeter, 500 mm
was furnished for use. This reactor was made of SUS
316 PolpmaripdtikgsStepdalpolypropylehe homepobnsétiatien ind Sarry
reactor and the surfaces of 10 internal conponents

f i nipohdenzationfreactgrt o a grit size of 300), and

equi pped in the reactign zgne with a stirrer. [0178] A

o urrlyece vvaiﬁnﬁgld i nl%ﬁﬁ}rm's?ten Iwmfi ff)?netdﬁ)?:?ﬂi aay
ro N N

D i POy 7aiE8 el CBFELREPI MLl o' et age 1o’ t he

pol ¥ . | tage

or (OLFATPASELEARLET SED T PltbBYIchY, AhmBpiyilizhbion by

ver gluidieed bedifshetor (E&fphdse Pol of the reactor.
W uigiobd by Rlutor (& t%ereblp)(/))?ﬁg?ned A hin the

react or, ArfthigizodHedreadtomfcaphyiorrli, 440 L9 inside diaaaster, 500
out while purging excess gas to hold the pressure
condimhtwas fiaished clor ousec orldiis ireamgomevas madé oofl SWS. 3261

E?Lé%’&hé?saﬁféeﬁ?m&%”ﬁééﬁt' élﬁsﬁeéé’q?pggﬂey%ﬁé%é%%%swes of
fl : 0 P ... 20
vy o6 cobibpitis iblsby T PIEES . Gt e 8rap0), 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: 60kg

[0179] In this reactor, the polypropylene particles discharged had an
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[0179] In this reactor, the polypropyl ene particles

di scharged had an 69 intrinsic viscosity of 0.96 dug.
The pol ynerization activity in this polynerization
step was 16,600 g/ g, which was | ow conpared to

Pol yneri zation Step Il of Exanple 10. [0180]

Pol ynmeri zation Step Il (propyl ene-ethyl ene
copolyrmerization 5 with fluidized bed reactor (gas
phase pol ynerization)) Pol ypropyl ene particles

obt ai ned from Pol ynerization Step Il above were fed
t o anfrERid Qischbaivy i 096 &iAde ThOPolYREHEAIGHS ablivity in this
fluidized bed reactor used in Polynerization Step |11

of polymérdzdtibn stepi ceasf 16)608epfd, nghidhe wasl tbwipcaiparkd to
pol ymer particles to 40 kg, 10 propyl ene and ethyl ene
copdlojymerizatiarobtepdE of Example Bt in the presence of

'38:_ ARS8, R handraation, §iepofl KRR ehersny|ens %‘pqéﬂnmz%ﬁm
[ ot uigifed od LR TEAS 158 pORA SRR °) D10
LhTS POl VPR EAGHIGH: BhARIcs Bk 604D Pélfinertition Step I

copol yner ent present | e resul ting pol yner

par taboleswed féd tbnkrieasios Naviagsthey sfifie diltrdttion as the
content of 26.1 w % and an ethylene unit content of
33 \tuidizedhedr reactor sused an BélymerizatidaiStep 11 ¢f0Es@hple 10.

Conpar.ati ve Exanple 2 20 Pol ynerizatjon Step |
( polAgide dyemnsetipadhsl holdrun ofi & pelymgrspatieles to 40 kg,

ol WSEESS G0 SALRE) o RSP TRAELIBEN 73 58 e
T L T D
I ea@odymeAafidSRp IHAVHERhFALI00N) )
[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 g/g. 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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A slurry containing polypropylene particles and liquid
propylene 70 was fed intermttently fromthe slurry

pol ymeri zation 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 bottom of the reactor.
A fluidized bed was 5 thereby fornmed within the

reactor, and propyl ene honopol ynerization was carried
out while purging excess gas to hold the pressure
conswvantfed idfermitteddlgt Homh itk Shery B&EToAC Fdalfbrasf the
the fluidized bed reactor used in Polynerization Step
|1 dfrcOonpatage tee tiikx dividized .bedheeactrcas anplucaitgi dfi divided
were as follows. 10 Polynerjzation tenperature: 80C

Pol yRFEHPDSt ilBn agikiosurte: whhvmropylenge apdedivdregen  were
ot onBpbRR To o o botorn G e roactoB) Aiidized bed was
Hol - i , o
pol ity 16nfitd iRt Relctor b8 0Rnt Mmanolymerization
Vi SGeg éarried ot WhildYsirgitisCeRaby g&r toZH(SlPQHe %éés doristhnt.
this polynerization step was 12,900 g/g, I ch was

| ow Tdosrpeacest Had thEshmerons@idtivh & ¢ fllidokd BediRddoddsed
20 [0185] Polynerization Step |11 (propyl ene-ethyl ene
copohRalymesizatien Sign H of (feinpamtive Exampleol. (The reaction

phase pol ynerizati.qn)) Pol ypropyl ene particles
obt &PH 1%?%98?%W%ati on Step Il above were fed

e BRSSP PoT yrer 1 zat i on Step 111
?Le po y%rlg%&%ogrlt%;éscl es:ds})'fgmg,gﬁééﬁegﬁe)hm dup ol
Circulating gas flow rate: 140 m*/h
Propylene feed rate: 20 kg/h
Hydrogeﬁ 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 and et hyl ene copol yneri zati on was carried
out in the 71 presence of polypropylene particles in
the sane way as in Polynerization Step IIl of Exanple
11. [0186] In this reactor, the polyner particles had
a nmean residence time of 3.4 hours. The

pol yneri zation activity in this polynerization step 5
was 7,540 g/ g. The copol ymer conponent present in the
resulting polyner particles had an intrinsic viscosity
of 4.11 dug, a content of 24.4 wt % and an ethyl ene
UNigregemaé € mif ol)g‘ pyletfe TPaeticlesuli stiar esarsdowrayl nas  in
Table 1. [0187] arative Exanple 3 10

Eglrm ﬂ??g??gﬁﬂuif%w;ivlg:lrdpyl ity ri zatl o

r O TBL 861 Mt peastir, Hisnpoumpnariclbs bl pancauicsideges fime
e g4 s, o e PopaRervac 52%% 'é?lgfﬁfc’f{ BB neization step

phas%’oLgmnﬁza 0%5)0&%{ urry cont g‘lﬁgﬁrgaﬁt e Fétffting

POl MR 182hhd Ghemtdidc isbesRy RTORYL anesntértdof
mtermtety ntly fromthe sl u?ry po%(d{/nerlza%n react or

of 2414 wip¥Ve\ehdus sthelemetunit bentthiuefid2 eet Hed Thearssolts are
a plurality of divided portions, in addition to which
pr ciypmamia Table hydr ogen were 20 continuously fed from

the bottom of the reactﬁ A fluidized bed was
the[péB} Lompagatiye Bxamplkd r eact or, and propyl ene

OGRS (R BRLIE S pb RO stury
?ngﬁeﬂi&éﬂﬁfeaégﬂeyconstructl on as the fluidized bed

used merization Step Il of Conparative
EX&”D' e Propylend Eawbpelymezization dvdsicandedsutcinathe same way
fol | ows.
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 I of Comparative Example 1. The reaction
conditions were as follows.

Polymerization temperature: 70°C

72




10

15

20

25

Pol yneri zation tenperature: 70C 72 Pol ynerization
pressure: 1.8 MPa (gauge pressure) Circulating gas
flow rate: 140 nB/h Propylene feed rate: 20 kg/h
Hydrogen feed rate: 1,360 NL/h 5 Hold-up: 57 kg
[0189] In this reactor, the polypropyl ene particles
di scharged had an intrinsic viscosity of 0.93 dl/g.
The pol ynerization activity in this polynerization
step was 14, 200 g/ g, which was | ow conpared to

Pol yneri zation Step Il of Exanple 12. 10 [0190]

PopyRRhdrizatibR preisare: | 1.8 MPODBAues prexbing) ene

copol'ymeri zation wth fluidize ed reactor (gas

ph@sxeulwh?@slm tater) ) 148®myfr opyl ene particles
obt ai ned from Pol ynerization Step Il above were fed
t oPropydenst foed batei ng0kigh same construction as the

fluidized reac in Polynerization Step |11
@mﬁﬂnégigmt% i\gﬁ@ﬁﬁ&‘om setting the hol d-up of
r articles to 65 kg, propylene and
et W‘g' céggﬁ meri zation was carried out in the
pr dl { ARcharped IR a8
P Inolhid aeRien R BOREROBHILAS Faricled Yhchalfed i,
t hirﬁ:nhﬁi@Ch@éom@th )9 XY 3@% partel pb?mdmdtlan mmty in this

residence tinme” 20 of hour s he pol yneri zati on

ac polyterizatioh hitsp pehy niet,200itg/gn vehiclp wamdowo coopargdy to
The copol yner conponent present in the resulting
poPohmenzationdtes lefdExamplatldi nsi ¢ vi scosi ty of 4.20

0 o EAThsialy SHha S bR TRUEA Mo
254181]1?&&@%%% réactor (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 10.
Aside from setting the hold-up of the polymer particles to 65 kg,
propylene and ethylene copolymerization was carried out in the
presence of polypropylene particlés 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/fg. 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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73 Unit EX 10 ICE | EX 11 CE 2 EX 12 ICE 3

Pol ynmeri zati on Pol ynerization activity g/g 4,790
11,200 8,710 Step | Intrinsic viscosity [TI], dug 0.93
0.92 0.9 Tenperature C 80 80 80 80 70 70

Pol yneri zati on Pol ynmeri zation activity g/g 21, 900
16,600 13,600 12,900 15,300 14,200 Step 11 Intrinsic
viscosity [T j], dug 0.93 0.96 0.9 0.91 0.97 0.93
Tenperature C 80 80 Si) 80 70 70 Pol ynmeri zation
activity g/g 10,300 7,040 8,470 7, 540 10 800 10, 500

Pol - ..);'7 8E OFEX"Q ‘§E34
c.ont |ne| fa

\2/i4$ % o)gbertullo;ﬁl’ylmcnzat a:r y ti‘vi%n-t- ) hi:Z - 8,710
Et O T NN L IO o PR O
Eva at l an eleerimlm rinci.ol H . |80 :A str] o 701 —19
1 8 (3] 101'1I Polxncpzat on af_:ﬁ\'l';iél1r BE j I g 65000 ]13,600 ;9@\- H’?QP, g,l%)
10 ‘%ﬁ Ei s o sy s, 13 9 o9 Josg™ 1053 7
2 3 : gmperghire :U1 I 80, [807 0~ 70

or oyl cne FRmesaa B 1 B A e [ [ros00 (165
(pr g%agatqgﬂc opolymi gp'a 26,1 547 [244 309 |279
p0| rzag ngﬂ';re l%IOﬂ angl ng t he

m

!l gne  Jan1 |43 4.2

HihfieAt Un®ddnteNES, |3 e g&ne Ay [BS
vis€hi € Pl jessLlUro4 169 [L72  [1.81

Htdae Inicioqead al[Wiee. /oo Prepyl|esie [Feedior alje

Gt CN T eeehudyidh & [3.608 [WI30 112315 [2,866 [879 2,392

TriethylTalumhumteed rate: 39.9 mol /h

Q’Ctd’fb%ﬁ‘%%nﬁ‘ qugmet hoxysi |l ane feed rate: 5.7 muol/h

Polymerization Step I-1 (propylene homopolymerization using slurry
polymerization reaction)

Aside from changing the following reaction conditions,
propylene homdpolymerization 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 slurry 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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Prepol yneri zati on catal yst conponent slurry feed rate
(pol yneri zation catalyst conponent basis): 0.968 g/h
15 Pol ynerization pressure: 4.5 MPa (gauge pressure)
[0194] In this reactor, the slurry had a nean
residence time of 0.31 hour, and the rate at which

t he pol ypropyl ene particles were discharged was 3.65
kg/ h. The polynerization activity in this

pol ynmeri zation step 74 was 3,770 g/g. The

pol ypropyl ene particles thus obtained had an

| NtyfdgN S T7 OV IoRE OSThY plflyﬂo@?laﬁ@%ar&i@ﬂ&%m@?bbt&medzmd Gih
Step 1-2 (propyl ene "honopol yrmeri zation using slurry
poligtriesiczeabdasityrafdc9DdlygS5 The slurry di scharged from
the reactor in the previous stage was direct]y fed ,

i nt{012511 Balymarigatisa s¥ep 1t2/ fpropy herappelymeriggien Qing
equi pped with_a stirrer and made of SUS 304 stainless
st ry palym @B?Péﬁ"’é’t%nopol ynerization was carried

out wi theyt jnter ' T [ C j L

ver e as THF PG st asPd rop 05 A0 4P herieRicls e was
St difel intaO ikdrd ' epphiher 4€adtion
Pr é%{/e:cgge&“fadeggtéa?eg%%gp éSég%?%géelWegg }?gt e: 50
NL/dauidpeRoiitieai gdtréoandrmaderef SUD 0Rastagdesgesteel, and
pressure) [0196] In this reactor, the slurry had a |
me gTopysne dmeopclymerizatiors Svash canriedaoat whthouh tintegiuption.
pol ypropyl ene particle discharge was 10.3 kg/h. The
pol potion epndiiens,wese asfollaMé. pol yneri zation step

had dieReRiL el ES 5P b o2 20 ar rg.

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 I-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 1-2. Aside from

changing the following reaction conditions, propylene
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[0197] Pol ynerization Step 1-3 (propyl ene

honmopol yneri zation using slurry polynerization
reactor) The propyl ene particles obtained in above

Pol yneri zation Step 1-2 were fed to a reactor having
the same construction as the slurry 25 polynerization
reactor used in Polynerization Step 1-2. Aside from
changi ng the follow ng reaction conditions, propylene
75 honopol yneri zation was carried out in the same way
as in above Polynerization Step 1-2. Polymerization

t erfeaiepdlyerigftion Wapyaeied b@eth rthé Ganf Keiyhad in above
Hydrogen feed rate: O NL/h Polynerization pressure:

3. PdippmerigatiomeStepd<ture) [0198] In this reactor, the
slurry had a nean residence tine of 0.61 hour, and

t hé’algmerigtignolemnessiyresnddP&r ti cl e di scharge was 15.0

kg/h. cc Th |y i zation activity in this
poI%ﬂBYk?%gqea{ggeteyM 4,900 g/g. 10 The resul ting
po';?ﬂi{l' rti had an intrinsic viscosity of
0. gg?%ﬁéﬁdﬁ%g] ol"ymerization Step |11
(pmﬁh@ﬁwﬁf%@&pop@mr'g‘@g L,y h spout ed bed
reactor (gas phase polyneri za(lei on)@egg&}propyl ene
paif0198]ek: diit abawdr, fthenslkiey \adr & 2aédr0 feshleaiiee ltide dfS0.61
above, and al so propylene, ethylene and hydrogen, were
f edioun and thecrate of ipwlypropylene ganticle alischangs iwas 16s0 tkigéh.

spout ed bed reactor used in Polynerization Step |l of
Ex ar§1 Relymerigatiom agtivigy, in fug wﬁmwmmgp WashB00 e

ea of .t;he top and bottom rreaction.zones, in addiftj
o hiteeiiieatRuiBryRE FRRdIESe o BRREnus ey of 053
et ene was carried out 20 in the presence of '
pol ypropyl ene particles while purging excess gas to

[0199] Polymerization Step III (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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keep the pressure constant. The reaction conditions
were as follows. Polynerization tenperature: 70C

Pol yneri zati on pressure: 1.4 MPa (gauge pressure)
Crculating gas flow rate: 150 nB8/h 25 Propyl ene feed
rate: 25 kg/h Ethylene feed rate: 10.3 kg/h 76
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 polymer particles had a nean residence
time of 2.8 hours, and the concentration ratios of

t heHydwgenfeediate:t h85 Ndatbt or 5 were as fol | ows:

t hyl epe/ | thy] .. 27 mol %
(nyHobleny { i3 bidimmsteas 215y ke hstione g keb. 67 ot

Thel B0y PR ep g ¢ %%Sw%‘e%ﬁ?q%ﬁ%ﬁ? bag Gy %%afjn%% time
B 8 S ool AOER S of ASTARRERN et
i NtypeRsiG foR6RS! t Yeylche/Brobiflened -chémgIa:heﬁf 2%5 m{olM%;
% and an ethylene wufnit contént of 35.7 w" % The

r es(hiydsogené(hytiropeni n Pedpyder +{ @&OAEne)TAHP @ol P6UniThe

Exanpl e 13 Pol ynerization Polynerization activity g/g
3, TRelymer eparticle dischangsi mate iveasod 718y gfti 1] Fhe i palyigedzation
o 8 o i, St da? o Dol
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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Pol ynmeri zati on Pol ynmeri zation activity g/g 4,900 Step
1-3 Intrinsic viscosity [71]pj_3 dUg 0.92

Pol yneri zation activity g/g 2,890 Polynerization
Copol yner conponent content wt % 15.7 Step Il FEp
Intrinsic viscosity [7I]EP dl/g 3.79 Ethylene unit
content EEP wt % 35.7 Evaluation of Intrinsic
viscosity dUg 1.37 final polyner Ethylene unit

content wt %5.6 78 WHAT IS CLAIMED IS: 1. An olefin
pol yneri zation reactor conprising: a cylinder which
extends vertical ly; a decreasing dlanEQEﬁthEQQﬁﬁh ch
is formed on the 5 cylinder, has an ijnside di aneter
thai decreases progressively dowward,| anglhas a gas

i nl OTTT.ICE G boTT om end. T hereof | and fTect or
whi LRoly@eriraliond RabmerzaBbR sctivity v 1 1| Wt | P24t i on
zonusﬁpqhosed tgmﬂﬂ bQﬁkQﬁgﬁﬁﬂLaCG of Hpg lgepeasi ng

di apeter—aenb g Surfacé of {he eynder

aboyRolymerizidiong é’slymrikﬁnm mmfitgr nmenbeglg t haB3d aces
the|l gas.i.nlet orifice,.and Which nas d oursioe

di apFBI% hat if AetFissie iseptibdindasi vel v ggﬁnméﬁé is
C 0 pRStyRbriZuioh OB ARG PRGN 2 DYl g,gdo of

whi £ch |s spaced Lom -an-—inside t he
cyl | beipd-3 15 2. Iﬂﬁmw@h&koﬂqﬂmmygerlzatﬂUg @82t or of

cl afmrt,—which f a, piuratity of reactiom zones
and| wher ei n pol| y8iy@erRation aqtvis pass 848899 al | y

b0l el Ao LR e? A mpptent SR TH D6 157
Fep

Stcp m
Intrinsic viscosity [n]gp dl/g |3.79
Ethylene unit content Egp wt % | 35.7
Evaluation of | Intrinsic viscosity dl/lg |1.37
final polymer | Ethylene unit content wt% | 5.6
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20 the plurality of reaction zones are each forned in
a vertical row and the polyolefin particles pass
sequentially froman upper reaction zone to a | ower
reaction zone. 4. The olefin polynerization reactor of
claim2 or 3, further 25 conprising nmeans for
transferring the polyolefin particles from an
upstreamsi de reaction zone to a downstreantside

reaction.zane, 7§ 5 . The ol efin polynerization reactor
of C IS:the transferri ng neans conprises
a particle renpyi line for r i yolefin
parti cl eé' fr o%’? ﬂﬂeqhxpg@y@gﬁ}zgﬁﬁ%gpeﬁg@gfpgl%%g* e, an

ej ector pr OViéj%qirRi%r P& tEhdd EerfiedIR¥i ng line, and a

particle feedin Ine for 5 feeding pdlyolefin
particles frorg Hb&esiingtdidmeéter ixembeavwhicheznfosindé on the

reaction zone. 6. The ol efin polynerization reactor of
Scl atytirBler, kias mpiinside dmmetanidiabdedraaseapaogressiyeljdownward,
conprjses an on-off, valv rovided at .an, 10

i nt &Rl ages ipis orifiss abﬁ%pﬁgﬁb%nd[' 1698 a8dovi ng 11 ne,
and a gas feedi nggline which. c ' S wi:L:h t .
particle r enpv? ﬁFFtr% %\ﬂlcﬁo’tshagég&%ﬁlggﬁ ?egﬁlépﬁ’eg@k . 51
?omfé%tri&?%ﬁ 0fciBed Wtaﬂirlhé’lfdfe SHph¥E o itk H&REMIRg ARSneter

o prevent cloggl ng n the particle renoving |ine.

15 hembee @ldehn Nngidk yikfacz adfi et celasdepraboivecthai decfeasing
wherein the transferring neans is a downconer which

10pasdiametdr megiberhthat dacesethsi gas dtilatretifice.nemdbavhighdas an
allows the polyolefin particles to, fall fromthe

upsonisiia dpmstar dhal INSFrasehBragseshely saamaEd s Gleged at a
reacti on l§one

r ealPof N ANEEROL, 6&?8 %#)OFI&E} %‘lﬁ&fflfnwg%byge\/\#é?%! Ir?BF}ﬁ drom an
dechﬁﬁ\ggngifﬂ@egﬁ{ndgﬁnber has an angl e of

15 2, The olefin polymerization reactor of claim 1, which has
a plurality of the reaction zones and wherein polyolefin particles pass

sequentially through the reaction zones.

3. The olefin polymerization reactor of claim 2, wherein
20  the plurality of reaction zones are each formed in a vertical row and the
polyolefin particles pass sequentially from an upper reaction zone to a

lower reaction zone.
4. The olefin polymerization reactor of claim 2 or 3, further

25  comprising means for transferring the polyolefin particles from an

upstream-side reaction zone to a downstream-side reaction zone.
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inclination between the inside surface thereof and the
hori zontal, which is larger than an angle of repose
for the polyolefin particles within the 25 reaction
zone. 9. The olefin polynerization reactor of any one
of clains 1 80 to 7, wherein the decreasing dianeter
menber has an angle of inclination between the inside
surface thereof and the horizontal, which 1is an angle

L s A B 2 e
L0 A R e, Pt TR B v

or i {d168eflh 3%t Eles HorAf the ﬁl%ﬁmééiﬂb %a&lfdrf 6%, 24 efetor

cylinder inside dianeter dBis 0.35 or |ess. 10 1T.

Theprok &fet rorpteypatickatenoving dinepandfa pdrichn feedingdine for
the deflector has an angle of inclination between an
Soutfsedingspelyaleéin parsiclesf framdthenejentor | tpoHicadownsiream-pile

| arger..than an angl e of repose for the polyolefin
parCREIULZRMe hin the reaction zone. 15 12. The ol efin
pol ynmeri zation reactor of claim1, wherein the

defl ector has an outside surface of conical shape. 13.

The pol ygl ef i nriy gt P@@nﬂ{r%ﬁféﬁ rehéteh of iR S€Swherein
carrying out olefin polyrerization by using the olefin

pol thgRrang fiing madls feakéraongfrises yunaneofifvatveaprovidedt ai an
12 to forma spouted bed of polyolefin particles
10wi tintesmedinte pasitionron theepartigle mmeoying Juicefind a gas feeding

A RSSaAhSo e Parl Thc F S3R
0o e Pad 360 o P B GFEER B fs s

to prevent clogging within the particle removing line.

15 7. The olefin polymerization reactor of cla.i'm 4, wherein
the transferring means is a downcomer which passes through the
decreasing diameter member and allows the polyolefin particles to fall
from the upstream-side reaction zone to the downstream-side reaction
Zone.

20

8. The olefin polymerization reactor of any one of claims |
to 7, wherein the decreasing diameter member has an angle of
inclination between the inside surface thereof and the horizontal, which
is larger than an angle of repose for the polyolefin particles within the

25  reaction zone.

9. The olefin polymerization reactor of any one of claims 1
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olefin fromthe olefin polynerization reactor and
returning the renoved 81 gas to the reactor; and
cooling sone or all of the renpbved gas so as to obtain
an ol efin-containing condensate. 5 15. The pol yolefin
production process of claim 14, further conprising
the step of feeding the condensate to a spout portion
of the spouted bed fornmed within the reaction zone.

15 S PhSh ey PRS8BT o S e o
Lefi . . . . _ _
opolielRBt PEH SR hE My dE A5 tRe: Bl Bk ActigoRtdl nich
reagtip Hn%lerh%’wlﬁibﬁ aif 8f ﬁﬁ:sg&?ﬂléﬂnsﬂ)ﬁﬁck_@ Gy ithifPthe Qaction

conti nuously feeding ol efi o the olefin
pol yorey dandid gravitahgiatly disvhdrgaid. t he sane time

continuously renoving a gas contai ning unreacted 15
Solefin fromthe ol efin polynerization reactor and

o e 54 7 e
oL SEB P BEEaeBon MPob B WA, o s

20 ph&fdrtRUnNITRE Egﬁﬁa&ﬁngia@aia%eterlc?- isA. Pobyrkefin

production systemtonprising: an olefin pre-reactor

for polynerizing olefin in the presence of an olefin
pol ymeri zation catal yst and form ng pol yol efin ]
10particl ed]. an dThe25)lcf¥na polyan¢nizatonyresetor atfi ¢daim dacwherein
12 which is connected,as

of any ope of clains t )
subdees Motk B aflpartajﬁ% ) igelinatinne bpugep on duggdq gurtace
pol ﬁl%lreec}cf4 arfldptﬁl%%o%zlo%val,p&%?c%slss l\"e\t@ée? Qh&? gHra'n%FeSof repose for

the polyolefin particles within the reaction zone.

15 12.  The olefin polymerization reactor of claim 1, wherein

the deflector has an outside surface of conical shape.

13.  The polyolefin production process which comprises
carrying out olefin polymerization by using the olefin polymerization
20  reactor of any one of claims 1 to 12 to form a spouted bed of polyolefin

particles within the reaction zone.

14.  The polyolefin production process of claim 13,

comprising the steps of:
25 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
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carrying out nultistage ol efin polynerization using
the polyolefin production systemof claim17. 5 19.
The pol yol efin production process of claim 18, wherein
the olefin pre-reactor is a bulk polynerization
reactor, and the process further conprises the step
of feeding a slurry containing polyolefin particles
and liquid olefin fromthe bul k pol ynerization reactor
to the | efin merization reactor, 10 the slurry
bei 88° etr%actt?\‘pa% efin pol ynerization reactor in such

8 ranner fiby ddhd OF AP HRANAMEANANLE 4% Ubfhihrn

pol yneri reac thel I'n present In

theogﬂﬂé%tﬁﬁmﬁoﬁﬂeﬁgeﬁé ci al veI ocity follow ng

gasification does not exceed a m ni mum
fluidization velocity of the polyolefin particles

held in the reaction zone. 15 20. The pol yol efin

5r oduct i obf. pr o&be padyolefiainrodetionnpiosess ot plaimg| ki fyrther

Bliieéggaéfr{&thé@; cre e e bl o Shi o e
f I d | d
ol ePpyuEd B it PGS é%nggg%fpgaﬂ:chsr [autd

ol efin polynerization reactor, the slurry being fed to
the olefin polynerization reactor froma higher
posi tion Ihan A pgoigelefinevybdadtidrhepopesst ewhichd colgrises

is formed in the reaction zone within the olefin
1(ol gapyingavitonlefinapalymerigation by using the olefin polymerization
reactor of claim 1 to form a spouted bed of polyolefin particles within
the reaction zone, the process comprising the steps of:
continuously feeding olefin to the olefin polymerization reactor
and at the same time continuously removing a gas containing unreacted
15  olefin from the olefin polymerization reactor and returning the removed
gas to the reactor;
cooling some or all of the removed gas so as to obtfain an
olefin-containing condensate; and

feeding the condensate to a bottom portion of the deflector in the

20  olefin polymerization reactor.

17. 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
25 the olefin polymerization reactor of any one of claims 1 to 12

which is connected as a subsequent stage to the olefin pre-reactor.
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18. A polyolefin production process which comprises
carrying out multistage olefin polymerization using the polyolefin

production system of claim 17.

19.  The polyolefin production process of claim 18, wherein
the olefin pre-reactor is a butk 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 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.

20.  The polyolefin production process of claim 18, 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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