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TI TLE OF THE | NVENTI ON SPOUTED BED DEVI CE, POLYCLEFI N
PRODUCTI ON SYSTEM W TH SPOUTED BED DEVI CE, AND
POLYCLEFI N PRODUCTI ON PROCESS 5 BACKGROUND OF THE

I NVENTION Field of the Invention [0001] The present
invention relates to a spouted bed device, a
pol yol efin production system equi pped with a spouted
bed device and a process for produci ng polyol efins
o] 10 pol ypropyl ene using such
=-‘-l’-ted Background Art [0002] A

2@2&@@&23@5@%@? FEEOLB RO iR Py STEM
VST, "SEOVTERY L BRD, T PEVICE, , AR 3 BQLYOLEFIN
CERDRIETTON BROERYS N Y, mxed, Vart ous studies
BHCKORIU G IVENTION  2° 8 2Povies o
&iltf%ﬁéﬂaagelj?ﬁf# he circul atory novenent of particles

e action of a gas introduced at a

(wq pgi r e d

{The Igt o?n g%geh? cy w%ﬁegé gvz_\ésgl 858 erevl?%i?rrgﬁlce’

Joolefes %ﬁ%ﬁ“ﬁ%&%ﬁéﬁ PeplbE C?EPE‘SE%LE?‘? device, anda

e nt of GuRehbe

t vggse d n@f tpdlgglﬁﬁles Tl gw g%\/\%%l tE%H tbﬁgr and
r t th h

ﬁé‘“ﬁ”ﬁ%ou? “%‘%ﬁﬁﬁﬁgr@eﬁé‘??gﬁe%beéﬁzs were Y

IiRéIa'tédEacl_(gkéuﬁd‘A@‘t”DV' ng bed state under the

infruence of gravity (see, for exanple, Term nol ogy

00029 nAT ¥p@iteBOVEE rhake the cddsgihtage dhafl all the particles, even

relatively large particles several millimeters in size which require an

excessively high gas velocity for fluidization in a fluidized bed,
circulate and are thoroughly mixed. Various studies have been
conducted on spouted bed devices of differing construction which
utilize a spouted bed. As used herein, “spouted bed” refers to a state
characterized by the circulatory movement of particles wherein, under
the action of a gas introduced at a high velocity from a gas inlet orifice
provided at the bottom end of a cylindrical vessel, there forms a spout
(sometimes referred to below as the “spout portion™”) which has a dilute
particle concentration near the center axis of the particle bed held within
the vessel and in which particles flow upward together with the gas, and
there also forms at the periphery of the spout an annular particle bed
where particles fall in a moving bed state under the influence of gravity

(see, for example, Terminology Dictionary of Powder Technology, 2nd
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Edition, edited by The Society of Powder Technol ogy,
Japan (The N kkan Kogyo Shi nmbun, 2000), p. 321).

[ 0003] However, to make a spouted bed device
coomercially feasible, it is inportant that a stable
spouted bed be fully sustained even with 5 sone
fluctuation in the treatnent conditions. For exanple,
if a fluctuation in the velocity of the gas being

O ER8S SRoTBISBEAL gP BOLREE Tt bIbES, Splle(The
U Roh SR ahezodnippAYIoN LI ough L he gas
LR ORI B R B4 ORI R,

P AT TS Bt osisncn g il pSsdanbacian wi

-

spout e y sustal even e
f uat i . - t e ondi tRans '
A#ndg{i%efih'ggj ecctﬁi:gkJlr 1t151et #eé(a?%l\égﬁti on 1itlg,)ﬁtg'o plr:ggi ?Jl)ém}alple’ it a

A POE ARy o7 lemenump It Bt qmount of
'L}ﬁarﬁ@lesp Ex‘é‘i’d digsftdeP th¥olevice RARSBICthe nsgib’tﬁé@ sbedhict lbecome
se ] d

s such as spouted bed device. [000 The spoute

hasktaen GesaRiy dhngattivled cdroppieyiddwrettirongh &% gas inlet

i nclude§s a vertlcaIFy extendi hg cylinder; a decreasing
brifiBé e opePatiei ofthe hdevickomed be imterraptddider redweer the
an inside dianmeter that decreases progressively

ohisd, and has a gas inlet orifice at a bottom end
thereof; and a tubul ar portion which extends downward

ISUNIMARVNOPTHE DTNt orifice. 25 [0006] In
the spouted bed device of the invention, a spouted bed
i[9008rTvEs thickdbone zart robjecteof therpresent imeshtion dotprovide a
surface of the 2 .

spouted bed device in which a spouted bed can be fully sustained even
when fluctuations occur in the treatment conditions. Another object of
the invention is to provide a polyolefin production system equipped
with such a spouted bed device. A further object of the invention is to
provide a polyolefin production process which uses such as spouted bed
device. '

[0005] The spouted bed device according to the present invention
includes a vertically extending cylinder; 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 tubular portion which extends downward from an edge of
the gas inlet orifice.

[0006] In the spouted bed device of the invention, a spouted bed is

formed within a treatment zone enclosed by a top surface of the
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decreasi ng di aneter nmenber and an inner wall of the
cylinder above the decreasing dianeter nenber. That
is, by having a gas flow upward at a high velocity
froma gas inlet orifice at the bottomend of the
decreasi ng di aneter nmenber and enter a treatnent zone
whi ch holds 5 particles, a spouted bed is forned. As
nmenti oned above, a spouted bed is conposed of a spout

SRR e PR, B8 o St BEUREE ik above
a0 GHFRREL offibet TRAC I3, By*halie FR0s'flG upward at
ChetBh' Yeltihy dhoft o gl Bt Gtific? SENhE Tbottol AL of the
s 08 LhERIFRTnd Sk HCOLAUALMN Dghahich holds
%ﬁr;iggusgg Ritited BLANS fBAMeRS C S thérdtfondtbabbee, a spouted bed

Into the treatnent zone by passing through

| ' aftfied] fPadfith that
gatgg%@%eﬁegggtssbieﬂltgﬁd??li %ﬁ?%lgap?S t he ugjvvard flow gfgas 2
MedbIbwhSn e tRNgay 16t 6fifiel forass thier pdutland sweeps
than when such a tubul af portion is not provided and
LRt GRS phfticleBd Andethe refilivider diffiides it thebahular particle
rifice. As aresult, even if the velocity of the gas
| sHd. 0dBse nafhilh contactiig Parkields ahds awghbi in tthis way, the
treatnment zone fluctuate to sone degree, the flow
atieledf cdrthbesqubjeared1o &gdnganedtméntl o1ya desirednedction can
rovi di ng the above-nentioned tubular portion has the
dsiddueed withitathegpoutedtbededevicehen particles start
to fall down through the gas inlet orifice under the
i[00073 Taecthef spowtedtbed dewiveeopHthe présentdnveptiohgbecquse the
by the gases entering frombelow and readily returned
tdgast seirtirachicadninto cthe. tréfni @R0BINET by pmmgdém:gh a tubular
evice of the present invention preferably includes |
gportion whic exterasf dewnwaxdifros: theyedgevof the igas ialet orifice,
outside 3
the upward flow of gas within the treatment zone stabilizes more fully

()

than when such a tubular portion is not provided and the gas is
introduced simply from the gas inlet orifice. As a result, even if the
velocity of the gas introduced and the amount of particles within the
treatment zone fluctuate to some degree, the flow state of the spouted
bed can be fully sustained. Providing the above-mentioned tubular
portion has the additional advantage that, even when particles start to
fall down through the gas inlet orifice under the influence of gravity,
those particles are pushed up by the gases entering from below and
readily returned to the treatment zone. |

[0008] The spouted bed device of the present invention preferably

includes also a conical baffle of a first type which has an outside
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di aneter that increases progressively dowward, is
closed at a top end thereof, and has a bottom end
that is spaced apart froman inside wall of the
cylinder, wherein the conical baffle of the first type
is disposed at a position which is bel ow and opposed
to a bottomend of the tubular 5 portion. The

i nventors have found that placing a conical baffle of

it 3 42 0 o
TRLed s A8hA0P Bpom Bnd ihat'R, %544?8 R0 L dfirside wall of
(5 R S S S s e
g?&sfdééré 3 g%&? 1@?%:\18 aRa’ & efd iSta 'I%@ﬁnhselﬁ ffethbtibular

ove gas | et openi ng, and nore

ﬁ:f]cﬁiﬁ)hab"r‘hﬁeveﬁn € have foﬁhatmg% gﬂ%mﬁdﬂbﬂkv@f the

e powder the spouted b is formed

coné%ﬁp%sﬁ?ﬁg@%{?&?ﬁ@%%lgﬁ ? %{ rpztﬁ lﬁlﬁ,e& Fﬂngaghmgafmhﬂl of a
RAdtd | PableP géufédeﬁeal OVThe! puaid reasdiapprarsas be that this -

kept fromscattering. That is, the conical baffle of

d&ﬂléﬂr Baffly petsPhsacflow ﬁrﬁightemsfdﬁ e gas beforenit is fed to

ector. Moreover, by placing this conical baffle

Ghe'thaathlenttzohepe even above the powder |evel of the
spouted bed, conpared with the placenent of such a

qO00%3 Tnbhief spouted badt devipewdthe iddehtion] an tadeifionaldconical

state of the spouted bed can be further stabilized.

(4] of theralsove-desiribed fisoiypedisherferably disposed above the

constant freeboard zone nust be secured in order to

pindetsoperinigs laadsmate preferablyvabove the igas intefuapening and

bed devi ce according to the present invention,

divepoaboge ahe gowder ldvad fofethef spawtedi bed thatpis ﬁhrmmi within
the gas inlet orifice enables the 25 scatterin
thewpmitedrbed devideo By sdisposinged.seaond cenig afﬂ@ of the
freeboard zone can be shortened making it OSSIb|e to
ofirst ¢ype dnrsughea position, particles blown upward by the gas can be
kept from scattering. That is, the conical baffle of the first type placed
in this position acts as a deflector. Moreover, by placing this conical
baffle of the first type even above the powder level of the spouted bed,
compared with the placement of such a conical baffle below the powder
level, the fluid state of the spouted bed can be further stabilized.

[0010] In a conventional spouted bed device, a constant freeboard zone
must be secured in order to suppress particle scatter. However, in the
spouted bed device according to the present invention, disposing a
conical baffle of the first type above the gas inlet orifice enables the
scattering of spouted particles to be suppressed. As a result, the

freeboard zone can be shortened, making it possible to achieve a higher



10

15

20

25

vol une efficiency than in a fluidized bed-type device.
[0011] Also, in conparison with a fluidized bed, it is
known that a spouted bed is able to achi eve an
excel l ent performance in ternms of pressure |oss and
that m xi ng whi ch somewhat approximates plug flow 5
arises as a result of the circulatory notion of the
particles. Therefore, the spouted bed device of the

PB4 SdERY i bhe FapaLr ks npemotad v h o

R0, OhIS8H Py 40 PR S48 s Wown chat o
BT 1 A0RE TEER! A1 SRHehP berklhdile s tepms of
{RsBAE KAl BIREUARY B iexdats e Tow
SRR S WNROE hEUTchlaRiy! MOHHCR 0P M pRIILIES. DTHerefore,

RRET gpggv{eélgﬁeéfy | delict YBE fie hakvieaMen gﬁoﬁﬁidﬁ th@bhdvamtage,

gas enpl oying this arrangenent, a nore

fcgg% SPRUEEY fatllized edngevice, offéndblRm ERRirréwes particle

The above- nenti oned tubufar portion preferably

:iégid%nﬁérﬁﬂnbi distribvticon th be Zchieskd intthei tdefniditt zone. This

ubul ar path therein. Mreover, the tubular portion.

RS eiffscthley wih sh9irz bet, foruekampiees pulyineriztién Aéhction

By enpl oying a tubular portion having a partition

Hippelydlefiagiartioléslinthaneshtiient oenend, the pushing up
ef fect” on particles which begin to fall through the

Q[GQIQ?!Ietis preferable foretiizacorital baffieiofothe firstttype described
reduction in the anmount of particles which drop down.
[ebdi4] to havieny enylindricad porerbrb evhidhvéxtendsyddwnwhed from a
include a 25 cylindrical menber which is disposed
ipegipterahedgeatithe ottomoend thiereof. | s cylindeinal portion of
which is closed, wherein the tubular path up to the

ghs comical baffle of the first type is believed to help stabilize gas flow.
By employing this arrangement, a more stable spouted bed is formed in
the treatment zone. |

[0013] The above-mentioned tubular portion preferably has a partition
which horizontally divides the tubular path therein. Moreover, the
tubular portion preferably has also a bellmouth-shaped bottom end.
By employing a tubular portion having a partition and/or a
bellmouth-shaped bottom end, the pushing up effect on particles which
begin to fall through the gas inlet orifice is enhanced, enabling a further
reduction in the amount of particles which drop down.

[0014] The inventive spouted bed device may further include a
cylindrical member which is disposed inside the tubular portion and at

least one end of which is closed, wherein the tubular path up to the gas
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inlet orifice has an annul us defined by an outside
wall of the cylindrical nenber and an inside wall of
the tubular portion. By enploying this arrangenent,
the horizontal cross-section of the tubular path can
be given an annul ar shape, which has the foll ow ng
advant ages conpared 5 with a case in which a tubul ar
path of the same cross- sectlonal area- and a circular

S EL T R A P o 10wl RS e
S 4iRL 8 BSlde Bl bF fic ZfﬁP“moé*“R’ oy cigBloying this
%@%ﬁ%ﬁf}“ﬁfe‘@rﬁg@ewe ﬁlggsg arrangerrent W , an be

\T/@%?nsﬁﬁh{é@gln&a#aﬁ t he ggtshailsﬁ e??tgl;f?ﬁ‘i‘ng %ﬂv@ﬁ’t’d ar gelgpared
\;ﬁlthhf C%l%é)ﬁfl W ?hce o er &}PSf the Bﬁ%e%l‘o@é”ﬁébﬁbnal area’and

can be made narrower than

t »
iy %Fﬁ%stsf’%ct@hrﬁﬁm%thlﬁgé 'soélﬁbléﬁﬁpe Firs€i éompated with a

n of a st/able 15 spouted

KeBuldOPth] of Bﬁcﬁ]@? lﬂr@ﬂs@é@'ﬂ&ﬁ%@ﬁéhﬁ@%ﬂ e€febion partlcles

invention nay further include a closed plate which

P.gh:’ baghPitd dalleffonkht i FH@ jhit dadfite dipro¥esaenabling a

e whi ch has a tubular path that is narrower

tﬁ]@ﬂletrh ?edﬁét%ih afn Pilid) amcut ofbyasticlesr witichandtop down.

whi ch is disposed so as to pass 20 through the cI03|ng
H*/Rir@ov@n(ihi:s aerahgementfik| effedtive sdrenscdlime uphilehinventive
has an ouUtside di aneter that increases progressively
dbed sdevicesedThat dsf aveandvhérerthel gasnihletisorfice is

bottomend that is spaced apart froman inside wall
anlafped, dbuher floor patn.ugHéoethis ipoint hias 2dn Baiilar chape, the
the second type is disposed i medi ately above a to

anificé tihkergals can etbe25madee. natower thant exhsbed where the
device of the foregoing arrangenment, the second
wross-sectborddll shdpenes icurenlas facﬂﬂ:atlngl thef formatien of a stable
preventing plate, 6

spouted bed.

[0015] The spouted bed device of the present invention may further
include a closed plate which closes a bottom end of the tubular portion;
a gas inlet tube which has a tubular path that is narrower than the
tubular path of the tubular portion and which is disposed so as to pass
through the closing plate; and a conical baffle of a second type which
has an outside diameter that increases progressively downward, is
closed at a top end thereof, and has a bottom end that is spaced apart
from an inside wall of the tubular portion. Here, the conical baffle of
the second type is disposed immediately above a top end of the gas inlet
line. With a spouted bed device of the foregoing arrangement, the

second conical baffle functions as a particle fall-back preventing plate,
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thereby making it possible to fully prevent particles
fromfalling down through the gas inlet orifice even
when gas supply is stopped. [0016] The spouted bed
device of the present invention may have a plurality
of conbi nations of the cylinder, the decreasing

di aneter 5 nenber and the tubul ar portion. By

enpl oyi ng such an arrangenent, particle treatnent with

P57 o e SRRMHAE 10RO A REERS i fllhg down
APROBF o e AT e L R,

TPU8E) s BHUER) 140, ORIAL HRIu! phistpESHlcRiohLmiY hive o
RS, oA BgnS: SIS cRRORE! HpblefrelSlig Wameter
el DAL peoR” g cAiplo g Seehca Sttngement

PES Li ¢
éar ; ?%ﬁ ?é P gngirﬁ S%]gmt?%ﬂéi si r(?ftbﬁ?%tﬁacan %gaﬁ?ﬁggﬁ & ou
f fri:gi I R @V vhighs ddkd 1
glhf ﬂiélrgs&{g fg?ng?l%%eéﬁﬁ?onaly %ﬁg?g%d%}gghlﬁ hat ®
Toridd W' e§u§ QFEMAnt 2886 OxhdTiHR ?ayﬁcrdsommssmy pass
I't 1s therefore possible to narrow the retention tine
Gt'pﬁéﬁ' tidsetréfinferti Z0rled!  dRwFeducy the footpriht of the deeice, it
of s

ages than when a plurality of fluidi zed beds are

;iﬁ gﬁ'ef&(&bié)%ﬂrréi’i@ rhé yluedlity of ehecibove pylinderdeéreasing

present invention involves carrying out olefin
Riihiiseer asdrmber/tybulal prtios colpbiratiess in e vesticalt ditection.
bed device to forma spouted bed of polyolefm
dar thi¢ lcase ittie Idpretfm&@ dot ¢he lpaitidiesi toesudde8sBielipass from
pol yol efi n production system according to the present
afpperv aehtrent neinedeso alowereftrentprent r gan¢sar By ghroviding a
pol'ymeri zes olefin in the presence of an olefin

pllatityi aRspoutedabedsy the tparficlenretertyon ¢irme digtribution can be

made sufficiently narrow. As mentioned above, a spouted bed differs

from a conventional fluidized bed in that mixing which somewhat
approximate plug flow arises. It is therefore possible to narrow the
retention time distribution to a similar degree with a smaller number of
stages than when a plurality of fluidized beds are used.

[0017] The polyolefin production process of the present inventionr
involves carrying out olefin polymerization by using the
above-described spouted bed device to form a spouted bed of polyolefin
particles within the spouted bed device.

[0018] The polyolefin production system according to the present
invention includes an olefin pre-reactor which polymerizes olefin in the

presence of an olefin polymerization catalyst to form polyolefin
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particles, and the above-descri bed spouted bed device
which is connected as a subsequent stage to the
olefin pre-reactor. [0019] The pol yol efin production
process according to the present invention involves
carrying out nultistage olefin polynerization using 5
t he above-descri bed pol yol ef m producti on system

[ 0020] The present invention thus prOV|des a spout ed

AT, Bkl iR, AR b aoél; e, acvied! Sihich s
ALt B Sileane B SagE R e ol ppéﬁé%?ﬁfbé‘u?h a
AT, B L RV 47 e s
R PSSRl oo i
i A gopastba e poseneohp o L 1
ﬂg@ﬁbﬁ d@é‘f:ﬁf‘éﬂﬁﬁy@ﬁﬁ@é‘fgﬁ% ﬁrﬁg&thgic éltﬁ’lfé'g béy devicwhich

t
GE08BIS B ﬁ;gggégstgiurg%r ag"éut&i belUtdén RFhén OffectRiations in the

erent s be used in the spouted

Rgd tfxggﬂ Cfoﬁﬂi@i‘éﬁﬁ' ag@cdro tTlﬁa iAYaNtid® %ls@%rbﬁidé&f apdbyélefin

and FIG 4 show schematic cross-secti onal

;br%lh@ﬁ%nog §ﬂéﬁi“e@fu1ﬁﬁé&'@ftﬁ gficli 4 fspovibéd Bepdevies;hand a

may be uSed in spout ed bed device according to

sﬁlﬂyb[éﬁfﬂt pRsdudtion Girotkss Swhith (émhpldysIsach shepouted bed
hémati c cross-sectional diagrans of t ubul ar

rdsticens of different shapes such as may be used in

25 the spouted bed device according to the invention;

EB]QIEFI BE&GRIE’FHDN@MMA@E%“ show ng a
ubul ar

FIG. 1 is a simplified view of a first embodiment of the spouted

bed device according to the present invention;

FIG. 2 is a simplified view of a second embodiment of the
spouted bed device according to the present invention;

(a) of FIG 3 to (c) of FIG 3 show schematic cross-sectional
diagrams of tubular portions of different shapes such as may be used in
the spouted bed device according to the invention;

(a) of FIG 4 and (b) of FIG 4 show schematic cross-sectional
diagrams of tubular portions of different shapes such as may be used in

the spouted bed device according to the invention;
(a) of FIG 5 and (b) of FIG 5 show schematic cross-sectional

diagrams of tubular portions of different shapes such as may be used in

the spouted bed device according to the invention;

FIG. 6 is a schematic sectional diagram showing a tubular
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portion in which is disposed a cylindrical nmenber; FIG
7 is a schematic sectional diagramshowi ng a tubul ar
portion in which are disposed a gas inlet tube and a
second type of conical baffle; 5 FIG8 is a schenmatic
sectional diagramshowing a gas inlet tube and a
second type of conical baffle disposed within a
tubul ar portion; FIG9 is a schematic sectiona

. : . . a

g@ﬁ%ﬁ‘”@@;@ﬁ@@%ﬁ?ﬁ‘ﬁ%ﬂg slb@ho g’rs schemati c

di agra f 7t < : : |

porti o@c?n7t ﬁdge‘ls?gﬁ?ﬁ?ﬁ;e?%gg%egﬁ ﬁ’%‘é%ﬁi Eﬂ?ﬁgng a tubular

?fﬁ'ﬂ‘ﬁheﬁl ‘%frl%ibﬁearé QYN desc inleedube!l vl ARdcdmtype of
shows schematic dragrans of type D, E and F-1 gas

Icohtd H’c&ﬂ%i ons in the spouted bed devices used in the

exanples of 'the invention and the conparative

exanpl eSS 4 BeKematieeclionRFidgr8M ShoWing Hpas inlet tube
PREFERRED EMBODI MENTS [ 0021] Preferred enbodi nents of

bl 4 Svestd Bperbfcoizal baffle dispbeediwithireh eubulariportion;

referring to the attached di agranms where necessary.

Unl ess PI¢}. &3l j9tah eelvérdatic pseitionab alia t showinigo ansextension
as up-down and left-right are based on the relative

Rabé hiaQiisg &telimonthi-Seaptidbotiom edd; Rel ative

di mensi ons of features shown in the diagrans may not
be tru@IG d(sstedwes sthénalicrdingtarhsioddiype -1, Bi2ymaG-1 gas
Production System FIG 1 shows a pol yol ef m producti on
$nkst oportions ictee dpogtad bedxdevieepnmednin tbexampies of the
Thi s ‘producti on system 100A i ncludes an olefin
ineeatigndescdbed beiewpand 5, and an ol efin
pol yneri zation reactor 9 )
FIG. 11 shows schematic diagrams of type D, E and F-1 gas inlet
portions in the spouted bed devices used in the examples of the
invention and the comparative examples described below.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0021] Preferred embodiments of the invention are described in detail
below while referring to the attached diagrams where necessary.
Unless noted otherwise, positional relationships such as up-down and
left-right are based on the relative positions shown in the diagrams.
Relative dimensions of features shown in the diagrams may not be true
to scale.
[0022] First Embodiment
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
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10A which is connected as a subsequent stage to the
olefin prepolynerization reactor 5. [0023] defin
Prepol yneri zati on Reactor The ol efin prepol ynerization
reactor 5 polynerizes olefinin the 5 presence of an
ol efin polynerization catalyst to form pol yol ef m
particles. [0024] Exanples of the olefin
prepolynerlzatlon reactor 5 include, but are not

: %t Fpick %n%?%%%%sﬁ”%s'z - PO e ald e . olefin
10 fl uidi zed bed
nﬁﬂ®? lgyégggﬁﬁreacﬁgrs Anyu%nezgff fhegépe ga:
r@@%ﬁ@%@%ﬁ%@%ﬁ%@%ﬂ. At nat L on, o two or
”"nb na 1 mﬂ"‘?ﬁ@f&%&ﬁﬁ?ﬁ%&é FoactEX PElinEtzolefinin the
H@é’ QP éi;emétpﬁeﬂs g‘ci‘tloﬂfscﬁﬂﬂzﬁertbz Fol a%cgyoleﬁn

ors, tank-type reactors
I (ﬂdpe reactors descrlbed i n Japanese Patent
u rcatlon No. S 41-12916, Japanese Patent
gﬁﬁ@?ﬂg %ké’rﬁpws ogtﬂé déﬁﬁén@%@%&?@ﬁﬁ&ﬁ@n reatRi# 5 include, but

ation 47-4237 pol ymerization is a

o g@éﬂuﬂlﬂedﬂ? ghqugicﬁ ér?z%ﬁo&nré&'tdﬁmbulk PolspRdrdsation

Ing an o oner such as propylene or
reheis,) CStﬁfFed ”wﬂk spledseapilymetZdtivai i actors, and
hydr ocar bon . opane but ane I sobut ane,

Féd bé@ﬁﬁi@ g dephase. p tisn akadtdreyCclAay one of
hydrocarbon ('¢.g., Cyclopentane, cyclohexane), an

these Pembmyzwé hged ek, wspluralitydb Sreactod ofithelame type

pol yner.i zation solvent to forma slurry, and 25
rahy By uged i consbidationg drawo on neoret rdactovseskdiffering types

polynmer that is formed does not dissolve in the

rahy e ised inocombination. Pol yneri zation is 10

[0025] Slurry polymerization reactors that may be used include known
polymerization reactors, such as the stirred tank-type reactors and
loop-type reactors described in Japanese Patent Publication No. S
41-12916, Japanese Patent Publication No. S 46-11670 and Japanese
Patent Publication No. S 47-42379. Slurry polymerization is a process
in which a polymerization solvent is prepared by adding an olefin
monomer such as propylene or butene to an inert solvent such as an
aliphatic hydrocarbon (e.g., propane, butane, isobutane, pentane,
hexane, heptane, octane) or an alicyclic hydrocarbon (e.g.,
cyclopentane, cyclohexane), an olefin polymerization catalyst is
dispersed in the polymerization solvent to form a slurry, and
polymerization is carried out in a state where the polymer that is formed

does not dissolve in the polymerization solvent. Polymerization is
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carried out at a tenperature and pressure at which the
pol yneri zation solvent is nmaintained in a liquid
state and the polynmer that is formed does not

di ssolve in the polynerization solvent. The

pol yneri zation tenperature is generally from30 to
100C, and preferably from50 to 5 80C. The

pol ymeri zation pressure is generally from standard

PR Syt B 0RO, B st i oS efation
SRV SRR BB S ORI BEAONT pEHRcE I formed
AF05, BOE UisblyE AR R7 pRRBlizeHbn, (Alvel "Thy pdfpygrization
SBhlaARIESS sSall UL ALY 10000, (o Frdidihy Bt 0 to

WC.""S. Wg%@l??n&‘izﬁ%ﬁn?rés%ui’éei’s agehé@lly from standard
ymerizati ol

po vent 1 n the substantial absence of

| RE§uRAVED MPEGE And Prefirabiafrotn OY3t@SIUMIG (€. 9. .
ropane, butane, 1sobdtane, pentane, 15 hexane,
"@WZ Bull€ epiydtion fesctinrs thet maas bonsedeindlude known
cycl opentane, ~ cycl ohexane), an ol efin pol ymerization
GRdleysrizdtiortli reaetorsd sueht g theo| stireed z@inkotypeolreattors and
and” pol ynmerization is carried out in a state™ where
tloepPipeTREadtosd deschibedednddgsaree Patantl Publivation No. S
pol yneéri zation solvent. Polynerization is carried out
a41-42946pJaphtiese Fatenmtd Pabtisation Wo. vHi46+116&0 and Japanese
pol ynmeri zation solvent is maintained in a liquid
Paenat PoblicationoNpms 4742373 f Bulk polyarerizatiali ssalprecess
in the polynerization solvent. The pol ynerization
tianwhiclt anelefingmoaoatérysudhr asnpsopyleneoarChuteme is used as the
preferably from50 to 80C. The polynerization
[polymerizatiory solveal iy the substamtizkabspnes of inertosalgentassuch
MPaQ and preferablgofrom 0.5 to 5 MPaG [0027] Stirred
tbasn liphatic ghydyotaskons (g1 iprepane, butaner isobutaneyspentane,
e 11
hexane, heptane, octane) and alicyclic hydrocarbons (e.g., cyclopentane,

cyclohexane), an olefin polymerization catalyst is dispersed in the
polymerization solvent, and polymerization is carried out 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 0.5 to 5 MPaG.

[0027] Stirred tank-type gas phase polymerization reactors that may be
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used i nclude known pol ynerization reactors, such as
the reactors described in Japanese Patent Application
Lai d-open No. S 46-31969 and Japanese Pat ent
Publication No. S 59-21321. Stirred tank-type gas
phase polynerization is a process in which a nononer
in a gaseous 5 state is used as the nedium and, while
mai ntai ning an olefin polynerization catalyst and

PALHEE T A i o B e
A EheeCipT ol BBten: ABpBRAGRT 4 ép%%ﬁ”@%?{‘fﬁ and

r@@é@% PR SRR 190, X B rale, Sipld day,

TSR P b P ratod fy 4 ok %k.“éy‘gfélner % fiHRfiggy in @ gaseous

f%g%d g&%%?ﬁ%] Iw% type gas lﬂ%aglgﬂfg “ar? olefin

AR AR A ?afaqﬁgfn%é Yt EB’&%' £ ifi 3 AR SAE within

jtﬁ@arﬁﬁaﬁuﬁ entsﬁ%bfl A fhtb 'ﬂ‘l Rdhobiter & fiks tate

apanese on La| -open No. S 59§ 64 6
3ﬁﬁﬁﬁ%?‘P t £ gnﬁﬁg

gg%o?? 08 ui gllgg&)obgg&lt%pe éggbda gse [ﬁ%?ﬂlti&gr? >0

IS QIBPQ‘C e;Sl- aﬂyaﬁﬁﬁﬂoﬂﬁftd M F0IASeqe Pal éﬁzatlon

20 used and, while maintaining prifarily

é}ﬁe@é:ﬁfel §h01ﬂﬂ| y@ﬁﬁl@@&ﬁg@ at Al ot the e foh &fdn bBOheEBAL as a

i'na fluidized state within the rredlumbythef ow of

t\h@dﬂ‘e?htw& withifofheetiridd ttAAkasp g phades pdlymerization
yme or

ized. In sone cases, an aglta s al so

%adﬂo@le%do is Pgen@iadlyt Ifboa 2Adndrd ?ir@sméytmﬁ ZMP&G, and
terrperaturels generally 25 fromO 120C, preferably

_Pr@feraﬁl)f ol 03 te3MRa(@& preferably from40 to 100C.
I

meri zation pressure should be in a range at
{0028] Fluldlzed bed-type gas phase polymerization reactors that may

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 and Japanese Patent
Application Laid-open No. H 2-233708. Fluidized bed-type gas phase
polymerization is a process in which a monomer in a gaseous state is
used as the medium and, while maintaining primarily an olefin
polymerization catalyst and olefin polymer in a fluidized state within
the medium by the flow of the medium, the monomer in the gaseous
state is polymerized. In some cases, an agitator is also provided 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

12



10

15

20

25

whi ch the olefin can be present as a vapor phase
wthin the fluidized bed-type reactor, and is
generally fromstandard pressure to 10 MPaQ

preferably from0.2 to 8 MPaQ and nore preferably from
0.5to 5 MPaGL 5 [0029] Conbi nations of different
reactors are exenplified by a slurry polynerization
reactor or a bulk polynerization reactor, to which is

RISt ) oy A 4 o i
s‘f#‘{‘b@%‘of&%? riat i VEFH%?E’ m% A ?%ﬁ&ssﬁ?@%qO MPaG,
AFSAbLY %H%%?ifnét?dszh@f’é@e%d BRCTBEERBIONGTRR YOS to S

S may gen
W ed between a slurry polynerization reactor or a
K "pol ynerization reactor and, connected thereto as

t
(902N RIS e paces S enirscary o sy

gﬂ%ﬂ%ﬂiﬁdﬂ’ Red@BFiGY a Bulk ﬁfdl Sfherakiony peactef, Rhashich is
nmeri zati on

reactor or the Subsequently descri bed

Ct}o?ﬁie%tét?' ¥§EtheZ 86b Lfe‘?ﬂcﬁtﬁgel%ﬂuﬂpm/ &ed-tyipe gaBOphase

ways essential to iInhstall ¥ l'ushi ng tank béetween
F;hﬂ \Jativi yéwo;@tlaaauhedcmﬂc gm enzatlon
ol yneri zati on reactor subsequent there

Gegéfogpr. Pol yneri zati on Reactor The ol efin
pol yneri zation reactor 1 QA is a reactor which carries

Q00301 A Refidbieiit a flushiggtank foe s&Pat&tm@umd:ﬁdted olefin or

pol yneri zation reaction on pol yol efin particles

Eplﬂ ot rivaticresolvehit frarneplefirnpolyamer particles tnay generally be

The ol efin polynerization reactor | QA shown in
providéd Betweest raicshirgo polymerizaticipalpéactor far mangbulk

a single spouted bed 8. The reactor 10A is conposed
[polyarerization reactor anidyrediictéd thereta astlse subsequent stage, a

gas phase polymerization reactor such as a fluidized bed-type gas phase
polymerization reactor, a stirred tank-type gas phase polymerization
reactor or the subsequently described olefin polymerization reactor 10A.
However, it is not always essential to install a flushing tank between the
bulk polymerization reactor and the gas phase polymerization reactor
subsequent thereto.
[0031] Olefin Polymerization Reactor

The olefin polymerization reactor 10A is a reactor which carries
out, in a substantially gas phase state, an olefin polymerization reaction
on polyolefin particles formed by the olefin prepolymerization reactor 5.
[0032] The olefin polymerization reactor 10A shown in FIG 1 is
constructed so as to be capable of forming a single spouted bed 8. The

reactor 10A is composed primarily of a cylinder 12A which extends
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vertically, two conical baffles 21 and 22 di sposed
within the cylinder 12A, a tubular baffle (decreasing
di aneter nmenber) 30 provided in the cylinder 12A, and
an extension tube (tubular portion) 40 connected to
the bottomend of the tubular baffle 30. Preferably,
the conical baffles 5 21 and 22, the tubular baffle 30
and the extension tube 40 are all disposed coaxially

Nciteplr b3 Conih] Pafleh, 23, G40 B sty R e oytinder
A B bl P UscHadfe JuHLF A EDE O g I pIn the
Skl TR, ahUan SRRk eE Rt AP copnepted to
B8A858 SLPBL TS IRl M PREANIGING Soigal baffs
e R e N A
H3pe et Ebaiall iHedgdnté2 Axinbe theveylindep 1A, TRebm the

e tubulaf baffle 30 divides the Space within the

b%u;\,ﬁd;stﬁht bEAABTlgink RS spouted e ihe kyllioder A bay/a# inside

affl'e 30 and a reaction zone 25b abdove the tubul ar

RithiefeS8f preferly Adtithbre thirmsb th)and asord preferablgmbt more
fromthe bgtton1zgne 25a, through t he tubul ar path

4Rani35 iphe extension tube 40, and into the 20
reaction zone 25b at a high velocity. As shown in FIG

10085) ST subifar mfflee30 dsrmtaparedicylimdeyuniiclods shaped so

pol yol efin particles. The spouted bed 8 is conposed

thaptlep ingidéalianéten decreakes pregtessivelpatbwehwaidpand which

The extension tube 40 extends downward fromthe edge

d§ ¢oiggmss iavl @ttopr ehdc80a nthebeof whith athebatsite ®a@llaod the
has a tubular path 40a 25 therein, defined by the
ioyiizrdenal 2A of This tubutar4bafflen30hisctormed dewasvaed within the
both the bottom zone 25a and the reaction zone 25b. A
ciytinider 112A, dividing the space within the cylinder 12A into two
zones. That is, the tubular baffle 30 divides the space within the
cylinder 12A into a bottom zone 25a below the tubular baffle 30 and a
reaction zone 25b above the tubular baffle 30.

[0034] Olefin-containing gas flows upward from the bottom zone 25a,
through the tubular path 40a in the extension tube 40, and into the
reaction zone 25b at a high velocity. As shown in FIG 1, this results in
the formation of a spouted bed 8 of polyolefin particles. The spouted
bed 8 is composed of a spout 8a and an annular particle bed 8b.

[0035] The extension tube 40 extends downward from the edge of the
gas inlet orifice in the tubular baffle 30 and has a tubular path 40a
therein, defined by the inner wall of the tube 40, which communicates

with both the bottom zone 25a and the reaction zone 25b. A check
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val ve (not shown) may be di sposed al ong the extension
tube 40 so as to keep polyolefin particles within the
reaction zone 25b fromflow ng downward and out
through the gas inlet orifice at such tinmes as when
the olefin polynerization reactor 10A is started up or
tenporarily shut 5 down. [0036] The conical baffles
21, 22 both have an outside dianmeter which i ncreases
| i tedsidS TBE YOV as to

Y4106 TRBE YROUm) AV Ul disphSed Ach? Lo Bltedisiérk RE Ut
A el paf " fedciidA ZBRel 258! from |flowin
0 i’%&%@ %e§_|_ e ou?@l%dee 10 surface o? each of &
t ' 'tﬁ&r tle ga inletcomified! atSamie tindéilas when
t he ?\ﬁrg?%%c%’ﬁﬁlg o"@jw. nge inside walls of the

i Srization Zedt®or TOANBGtaged AP ofUeHiporarily shut
gtglrgv@ghgg?{)gggs and, as shown in FIG 1, q'{Ishe pggjks ofy
togwhoni cal baffles 21, 22 are locally thick-walled.
In this way, the conical baffles 21, 22 are

C@'ﬂ?ﬁ'] UFh&donicalhdffleDle 226 bbils hhve Hn outside dimnetsrswhich
| e

shape of circular arcs. [0037] One coni cal
*liﬁf:féﬁeggp ssivelye dosehward)eleweash t dloséd oaterespective top

coni cal baffle") is disposed at a position within the
haidsom a022a2%nd have respeditve bottuin ogmdsi2ld, t22b which are

bott om end of the extension tube 40, and serves to

sdpaekdhapart tirent the ininehi wall hef fthe teylindere128a oTheOoutside
ol'efin-contai ning gas which has entered through a gas
fefaceoaf bacloof the conieal baffles & 1p 226isodf comical shape, and the

pol ynmeri zati on reactor 10A. The other conical baffle
Antdréors is hollew.edThe imsidevwerdls b€ thepgonicalobafflgs 21, 22 are
baffle") is disposed at a position which is above the
tfobmiedr abaiobten@uisin curved suafaces randynas sbowanin FIG 1, the
opposite the gas inlet orifice therein, and 25 serves
tpedkseof the wonicabbaffles 24, 2% are|locally othiek-avalled.ngln this
[0038] The | ower and quer coni cal baffles 21 and 22
enay, thesconical affles 21, 22 are constructed so as to have vertical
cross-sections in the shape of circular arcs.

[0037] One conical baffle 21 (also referred to below as the “lower
conical baffle”) is disposed at a position within the bottom zone 25a
which is below and opposite the bottom end of the extension tube 40,
and serves to straighten the flow within the bottom zone 25a of
olefin-containing gas which has entered through a gas feed nozzle 60
provided at the base of the olefin polymerization reactor 10A. The
other conical baffle 22 (also referred to below as the “upper conical
baffle”) is disposed at a position which is above the tubular baffle 30 in
the reaction zone 25b and opposite the gas inlet orifice therein, and
serves to keep spouted polyolefin particles from scattering.

[0038) The lower and upper conical baffles 21 and 22 each have a
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cylindrical portion 21c, 22c which extends downward
froma peripheral edge of the respective bottom ends
21b, 22b thereof. Because the |ower conical baffle 21
has cylindrical portion 21c, the flow straightening
effect in the bottom zone 25a is further inproved. 5
As a result, ol efin-containing gas which has been
sufficiently flowstraightened is fed through the

SHIERIAEN AR 916103, WIcheARAAR dosaihakPliom 8 periphera
I 'dfzﬁ{é ee?pécﬂxréeb%wﬁeéh({&e@l% | 228! @réoh| eBgeaife the

ul't of 't upper conical baffle 22 aV|ng

Q! icoRfcdlOr HaPle2221 Tihag '§¥Hﬁdﬁ abUnditibrPecalse the

pl'aci ng an upper conical baffle 22 of the ‘above

t
f[%gﬁhﬁg%f@éhﬂ%’fg Bffact ¢ thedséttem z6A8 2 is fﬁbﬂier zmg)roved

wthin the reacti on zone 25b.

@&Rs @ Sfé%ﬁl e glefinl@mtdihinge daar wHicH hhs tb&nOfsﬁfﬁelently
cyl i nder A, thereby enabling the gas within the

rﬂ@wtsteﬂghm@ prféd thoughStheaéetenkion tlibkec4oriaesi the reaction

Conpared with an arrangement in which gas is

digehaesied el finther estabiliaticmgefietie | spubiedh bed 8.

gas is Iaterally di scharged has the advantage of

| Stabibsitivn ofethemspoutedf bedB v aidso dichiewests asi 4 result ot the

annul ar particle bed 8b portion of the spouted bed 8,
W@bwoﬂmmnbaﬁﬂetﬂﬂ $aving geplindricalc tportiosf fA2o, endhis is
[0040] To forma stable spouted bed 8 in the
presuinably decadSe placing areappebconidadt bafileh 22ubfilthe above
baffle 30 satisfy the followi ng conditions. Nanely
tdomstraictiond vitEnb thevereactione zinen@6br stabilizes ithe gﬂew of gas
inlet orifice at the bottomend 30b of the tubular
bedthiretiRoregictiondzond 2blet er of the extension tube 40)
and the inside dianeter dB of the cylinder 12A is

[0688] LHag discimrge nozzies Ocre formeshbat the top gifcther cylmder
'1”23'&' rt]ﬁéxl'e%gf aeigbi)&gt Ii?h% tguat;u lv?lihgattﬁtle ereg.gtllmq ;clncl;e 2156b to be
laterally discharged. Compared with an arrangement in which gas is
discharged upward, the present arrangement in which gas is laterally
discharged has the advantage of increasing the amount of gas that
diffuses within the annular particle bed 8b portion of the spouted bed 8,
thereby enhancing the solid-gas contacting efficiency.

[0040] To form a stable spouted bed 8 in the reaction zone 25, it is
desirable that each tubular baffle 30 satisfy the following conditions.
Namely, the ratio d,/ds between the diameter d, of the gas inlet orifice
at the bottom end 30b of the tubular baffle 30 (inside diameter of the
extension tube 40) and the inside diameter dg of the cylinder 12A is
preferably 0.35 or less.

[0041] Also, the angle of inclination c30 of the tubular baffle 30 in FIG
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1, i.e., the angle of the inside surface of the
tubul ar baffle 30 with the horizontal, is preferably
at | east the angle of repose for polyolefin particles
present within the cylinder 12A. The angl e of
inclination a30 is nore preferably at |east the angle
of repose and at |east the angle at 5 which the
pol yol efin particles can be conpl etely discharged

of aykt ahkondikY, li§e SRV @ﬂmmg?q%fg?w%
o;’ %/'h'é:ﬁ%o ﬂ%}ee f|‘*r-'lljibpiaégtl|a%I es alcgrggﬂjlfbeved. 004 ‘ the
S8612 i gﬂ%ma% d %gkf %ﬂgﬂb ]

ﬁ‘%‘?g vm’trl1§ gas | e%tcorl ietéhzeeo 0 rredU&lI Eg_?g%’eﬁrf;oﬁséglggleﬁn

. il - e medi o
it Preent SHLhiR, B cxlindss 1299, O TH B EICRAYflcfinion 30
t RRCmioe gﬁ@féﬂb&ﬁ%ﬁ 184sttthe dhgle Wierepbdl arfh af 1é43¢ the angle at
ue to poor hedt renoval 1M this rfegion, the

iéle! ehe Meokyeiefih OYSdrtiRles Ncana BBSScompletdloi discharged
gﬁgh a situation, it i's thus desirable forPtheM?ubul ar &
bgdavigsiondllyo Devthi@nwapglsnebth ~duwnetardnneembne of the
asS noted above, is at least a 15 given angle. [0043]
Ip,%»olwl@ﬁﬁfpamblee it achidvedupper conical baffle 22 in

G 1 to have an angle of inclination a22, i.e., the
Fo42]f Althenighes ipoutéd bedutan de formédasing even afletrplate
coni cal baffle 22 and the horizontal, which is at
| witht a tdus imidell erificer fopnreel fherepinstead iof tubulat émfile 30, a
present within the 20 cylinder 12A. In thi's way,
pelgyon efhereprarticbdsedo na thademtewild tazlse opsecieat fat platernear
sticking to the upper conical baffle 22. (0044)
Rbeyimsede su;ﬁceiai? the bylinden 124g| e Asf arrepolte duk, tof poor heat
exanple, fromabout 35 to about 50. The angles of
i removedtinothis 8égiond the particles may fpsetogetberyinto d swss. To
55. 25 [0045] The lower and upper conical baffles 21,
2vaidosudheatsituation, itis thus desirablesfarhthe tubian baffles30 to
cylinder 12A by supports (not shown). The 17
have an angle of inclination ¢.30 which, as noted above, is at least a

given angle.

[0043] It is preferable for the upper conical baffle 22 in FIG. 1 to have
an angle of inclination 022, i.e., the angle formed between the outside
surface of the upper conical baffle 22 and the horizontal, which is at
least the angle of repose for polyolefin particles present within the
cylinder 12A. In this way, polyolefin particles can be adequately
prevented from sticking to the upper conical baffle 22.

[0044] Polyolefin particles have an angle of repose of, for example,
from about 35° to about 50°. The angles of inclination a30 and 022
are both preferably at least 55°.

[0045] The lower and upper conical baffles 21, 22 and the tubular baffle
30 are each attached to the cylinder 12A by supports (not shown). The
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supports have substantially no influence on gas flow
and polyolefin flow The cylinder 12A, deflectors 20
and tubul ar baffles 30 may be nmde of, for exanple,
carbon steels and stainless steels such as "SUS 304"
and "SUS 316L". As used herein, "SUS" refers to a
stainless 5 specification standardi zed by Japanese
Industrial Standards (JIS). It is preferable to use

"seigporis havehsubstantisldy visé influencer enhgas flow and polyolefin

cofrosive ingredient (e.g., a halogen such as

ditdwt | MEhe icylindebel 24pdefledtors 204 tbuliobaffles BOGnay be

1, an olefin-containing gas feed Iine L30 is

qnade it dor exantplgacatieeitl stewls landsStapniess deeklatsucheas “SUS
base of the cylinder 10 12A, and the ol efin-containin
G341 antletiSUS 8 160&°. boAs amsezbhergina “@USaebersofo a stainless
conpressor 64 |ocated on line L30. In addition to the .
gpecifiestibm staridardizedabyl Taparesgelndusttial Steordasde¢(fS). It is
which is capable of discharging polyolefin particles .
greférablm doofuse e$8E Zifdr’atwbeanraycatialyst wéhiph oateddugh in
at the bottomof the cylinder 12A. Al so, to reduce the
oreosivatingfedienti@.g.; arhdlogen suokiagchlorneyis todee engloyed.
at the end of reactor operation, it is preferable to )
100d4bdcA s showrindilGehpen olefimeontaining gas fped line L30 is
i nverted cone (not  shown) at a positjon which dges nof,
iopnmerted tathe gga feed onzale 60 provideshabthe hasecof theyeylinder
12A. [0047] A gas discharging,line L40 which

diZAn angetbeg@lg%ﬁrmmngzga& i dedl dnt G botlom gone 25a by

ORI Of\A pomBressIR 64riacaed dmbRer0nedn aiditRagabe gas
dred dierale 60, podiorhis AR, (Pohshoriinmych ds capable of
A T O R —
S Hr el o) S Bl ot S coEReR 17K, KBl Wil the
ot Itagwtdréir Srelniiéln%inLg?’ hside the cylinder 12A 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 12A.

[0047] A gas discharging line L40 which discharges gas from the
reaction zone 25b is connected to the gas discharge nozzles 70 at the top
of the cylinder 12A. The gas that has been discharged through the gas
discharging line 140 has gas-entrained particles removed therefrom by
an optionally provided cyclone 63, passes through a cooling means or
the like (not shown), then is recycled by line L30. A line L20 for
supplying an olefin-containing gas to line L30 from the exterior is

connected to this line L30.
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[0048] In addition, a line L5 is connected to a
position which is higher than the zone where the
spouted bed 8 is formed in the cylinder 12A, and
pol yol efin particles containing solid particles of an
olefin polynerization catalyst are fed to the

reacti on zone 25b. A particle 5 discharging tube 35 is
connected to the tubular baffle 30, and polyolefin

@048 Bsadbitivh, helinedi$is conhected tearmsitionwhivheis higher
25b are discharged through the particle discharging
tthhe Bfe zdne whdreethe\spowted bed Saisformediigeatie ¢eylinder 12A,
series on the particle discharging tube 35, enabling
tdiel  polyslefihi npaticiésc| esntaining dsclid alp@eticles of an olefin
subsequent step by 10 successively opening and
palyimerizaticre catdlyst avd fednid e reholief] zokme @58 ngAyparticle
in the present enbodi ment, a polynerization step
vdischangieg tobe 35esatommectadhto thetubular bafilly 38 andtpalyolefin
reactor 5 and the olefin polynerization reactor

Ieaticles w&:mlehaw grovahindthinythetieactionizome 25b are discharged
prepol yneri zation reactor 5 effects the polynerization

the partials disthargiig tubed6i cl’Byp valees Vﬁg} and V72 are

relatlvely | ar ge pol yol efin partlcles havi ng

parangad ini series sy ermem‘.lyz extdiseharging dube 3{5; gnabling the
preferably at | east 70Q0 and even nore preferably
qolyelefin spartigles hdpehie edlﬁl@ arged hin  Rorswbseguenfi step by
nore stabl e spouted bed.  However, it is a ossi bl e
tseiccpesivebhepeingand elaxsmgmtlsqsepvalgés Y& a@ﬁ éP f2act or

BuBacREEotneb . et oo ST A e
HEQ@OQVSESW” z npcat t I S. fed di regt dthe
gt el T i B o
3%38%%&2@8 Heari 5 it ”@f@z&%@{;eﬁg&g%#@;growm of
ﬂq ntggﬁ?@gt%,h%eg ar n}ﬁ;}\g%’lg(glﬁr Zeitglofyole partic}es%avmg

a particle size of preferably at least 500 pm, more preferably at least 700

pm, and even more preferably at least 850 pum, thereby enabling the
formation of a more stable spouted bed. However, it is also possible to
have the polymerization step use a single reactor which does not include
an olefin prepolymerization reactor 5. In this case, an olefin
polymerization catalyst or prepolymerization catalyst is fed directly to
the olefin polymerization reactor 10A, and olefin polymerization is
carried out. Alternatively, one or more additional 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
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step conposed of three or nore stages. [0050] defin
Pol yol efin and Catal yst Next, the olefin, polyolefin,
catal yst and ot her substances used in such a system
are described. 5 [0051] In the olefin polynerization
reactor, polyolefin production process and pol yolefin
production system of the invention, polyolefin--i.e.,
ol efin polynmer (ol efin honopolyner, olefin

csteplcvmmposedodihteticrmbge siygesed out by the
pol ymerization of one or nore olefin

( oDyefin | PelyiodefinrandoQatalyst i zat i on) . Exanpl es of

10 olefins that may be used in this invention include

et hyl endextirtheyblefin, pdlyblefinecathlystrarehether substances used
4- et hyl -1 - pentene, 5-nethyl -I-hexene, 1-hexene,
linhmpthensysteth arodesorébed.0052] One or nore of these

ol efms may be used. Alternatively, the olefin used

P34 Ihahee dlefine polymelrizationz aeactorst pelyolefin apeeduction
15 where polynerization is carried out as a nultistage
mprocess, andli ffcdyelefim| giroductipnbe systet i rofeathe stimyention,
When two or nore olefins are used exanpl es of
olyelsfin-el.esi n olefini npalpmert h{plefiy bhommpalymer, olefin
I ncl yde gropyl ene/ et hyl ene, propyl ene/ 1-but ene,

manslymes)-eprodunion iscamied oustby Ithe golymerizabion of one or

et hyl ene/ 1- hexene and et hyl ene/ 1-octene, In 20

anere iodefin (homeopolymenization jof cqpelymerization)s ¢ Examples of
Soleties. thetpezy et wvadh i Ghipriwientiogaisgeneisylene, propylene,
o016 o pentaren & mly by raiontr SEEUM Irhguenel -hexene,
dobepiens andlyodanbvant ageoust y produced 1n the
T003E N ane orinore of, hbsehoieting may be Wed. ' "ARSmARVely, the
olefin used may be changed in each polymerization step. In cases
where polymerization is carried out as a multistage process, a different
olefin may be used in each stage. When two or more olefins are ﬁsed,
examples of suitable olefin combinations that may be employed include
propylene/ethylene, propylene/l-butene, propylene/ethylene/l-butene,
ethylene/l-butene, ethylene/l-hexene and ethylene/l-octene. In
addition to olefins, it is also possible to use at the same time various
copolymeric ingredients such as dienes.

[0053] Olefin polymers (homopolymers, copolymers) such as
propylene homopolymers, propylene/ethylene copolymers,
propylene/l-butene copolymers and propylene/ethylene/1-butene

copolymers may be advantageously produced in the present invention.

The production of olefin polymers obtained by multistage
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pol yneri zation in which the proportions of the nononer
units serving as the polynmer ingredients differ in
the respective stages is especially preferred. For
exanple, it is possible to forma
mul ti st age-pol yneri zed ol efin copol ynmer by feeding one
type of olefin 5 to an ol efin prepol ynerization
reactor 5 and a nultistage-type gas phase

riZtid® in Whithothel phopertivhst of ties thonomes | ytits serving
particles, or copolynerizing the first olefin with a
sathe pobymer dhgpediehty diffef im the rekpectiveanstiges is especially
copol yirer particles, then feeding, in a subsequent
spreferredt wo orFopr eekgnglepf @ efisn tposdibke ptd ynform a
particles in an additional 10 ol efin polynerization
rma!ﬁsta%emdlynmr'med)bhfﬁm cppebuahgrbyi feedimg onectygicoof blefin
or a nultistage-type gas phase pol ymerization reactor
#04an oléfirs prepelynserizatiom eeactor b emidie meltistage-type gas phase
distribution in the olefin polynerization reactor
Isodymerkiatipn tresctoy 10@Aashiasvtp fofixbomopoiymesrt partidles, or
ratio within the polymer particles. This approach is
iopelpmeriging the st iolefin ovith adsmalpmount of anetken elefin to
[ 0054] Exanpl es of such polyners inc|ude
doopy randomnr egpolymsrepaiicles; thenyieeding, in a subsequent stage,
propyl ene- propyl ene/ et hyl ene- propyl ene/ et hyl ene .
g eemaore typssypEedelintpl these polpmesrparticiss knan additional
pal ynmers and 20 propyl ene-propyl ene/ et hyl ene/ 1- butene
define polymerizationd $6actor- 'SPCﬁi A8 aat ekelimeprrnelymsrization
bet ween_pol yners, and a slash ("P') indicates that

{rRactor Sarteaomaltistagartypeoges ¢ Rolymerigation geactor 10A.
PEhibi Zesulh bl Prrari . Heshe Lanes distribygion, e the olefin
e oy AR BB 555 o alifBle %8 e
i‘%ﬁ’gﬁiﬁbﬁg} r%ﬁsﬁfj%ﬁ o5 %allxl)l%é' ?)%élggyl This b.'slll%:r%ach is

especially effective for reducing molding defects.

[0054] Examples of such polymers inclhude
propylene—propylene/ethylene polymers,
propylene—propylene/ethylene—propylene/ethylene polymers,
propylene/ethylene—propylene/ethylene polymers and

propylene—propylene/ethylene/1-butene polymers. Here, a dash (“-")
indicates the boundary between polymers, and a slash (“/) indicates
that two or more olefins are copolymerized within the polymer. Of
these, the production of multistage-polymerized propylene-based
copolymers which are polymers having propylene-based monomer
units, are called “high-impact polypropylene” (in Japan, also

customarily called “polypropylene block copolymers™), and have
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crystal line propyl ene-based pol yner segnents and
anor phous propyl ene- based pol yner segnents, is
preferred. A nultistage polynerized propyl ene-based
copol ynmer can be prepared by the continuous
mul ti stage pol ynmerization, in any order, of
crystalline 5 honopol ypropyl ene segnents or random
copol ymer segments obtained by copol ynerizing a smal

agmistilliat aprepylehs-iidedr polymer opsdganents Wahd amorphous
anor phous rubber segnments copol yneri zed from et hyl ene,

p?rﬁmyl@m-baéd Folymerptsegntdnts gisedpmferredn ol Af i multistage
ot ner

than ethylene and propylene, I1n the presence of
tpelynesizad | propydenorbasedSuvipolyiRrcepn! Wbeerpiepared by the
intrinsic viscosity, as neasured in
leéhtindouset maktistage apolyakeization, 186 Gnywhorderj sof crystalline
ﬁhﬁferably in arange of fromO0.1 to 100 dl/g. This

opyllgme segeentpor ypndow eopelyaner segmengsrobtained
has excell ent heat resistance, rigidit and i npact
rlep | copadymerizing casmalk asiount bf amsetei{m othen tban \propglene,
conmponents such as, bunpers and door trim and in
veritho uasmpapkags ngubbemt segmentss ucopelymenzed afitamf qliylene,
packagi ng containers. [0055] Moreover, in the present
epttopylen and; as o eptionahangradient, an olafinypther than ethylene
distribution of the olefin po]yner, the olefin polyner
caneh grrepylens; cau el presenesh edt the: respegtivie pelymarst epuch a
may be given 20 different, npl ecul ar weights. The .
prapalmarny ehas onans alNBiNskyvaNissesys 88 privgasuiggd in

ol efin polynmers having a br o | ecu] ar ig )

dl @x%ﬂﬂ@ﬁﬁﬁwdrmp%ee,at 3 ﬁg &w%lﬁbi 1§ BA Yyn a range
obt ai ped by _neasur nt _as descrj pbed above for the )
Fﬂ# Mcotbbnet? ofQi nddgin ¢ Spoﬂ?“ﬁ#ﬁ%%ﬁicﬂp zed

t hgt produces the hi ghest | ecul ar, wei.ght 25, pol yner, ., ..
d@fﬁwma?leng- 4$c g@ﬁ&émrngagf@cgheytf 165 & Jagidity
dug, ., nore preferably from1 to 5Q dl /19, and, even re ..
ek cimpact fesistance, apg can therefore be used in’ automotive

components such as bumpers and door trim, and in various packaging
containers such as retortable food packaging containers.

[0055] Moreover, in the present embodiment, to broaden the molecular
weight distribution of the olefin polymer, the olefin polymer
components produced in respective polymerization steps may be given
different molecular weights. The present invention is also
advantageous for producing olefin polymers having a broad molecular
weight distribution. For example, the intrinsic viscosity obtained by
measurement as described above for the 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
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20 dug. This intrinsic viscosity is at |east five
times the intrinsic viscosity of the pol yner
conponent obtained in the polynerization step that
produces the | owest nol ecul ar wei ght pol yner
conponent. The present invention can advantageously
produce an ol efin polyner in 5 which the anount of the
pol ymer conponent obtained in the polynerization step
v cdil/@r odidesintiinsic yiwisityoieat! kastefiedttimes! ieerintrinsic
conmponent accounts for fromO0.1 to 80 w % of the
ofistosity pfithepolyined seimporent ebtaingtbity the pohymerization step
catal yst used in the invention may be 10 a known
atidt tproduped yielowest enolegukiry sieigise polymet efdmponent. The
pol yneri zation. Illustrative exanples include
rregént inyeeticn| cah calvanyageoshy nerodugce annokefin mplymer in
solid catal yst conponent containing titanium_ .
muhicksi the amoualt ogdn thad polyaierctaconpdnent ¢btaived edn the
to below as "catal yst conponent A') with an ]
pajymerizationurstepnpdicl  pooduess ithanbighest s moleculasn weight
donor conponent; and netal | ocene-type solid catal ysts
malymerdcomponepb raccoynts fer drowc Onk toobBovi Pund the olefin
cocatal yst conponent on a granular carrier.

ions of these catalysts nay also be used.
[00575 What is commonly referred to as .a R .
100261 (Fheralpiir pelymerizatiopoeatalyst asgd i thgdnveationamay be
as, cat al yst, conponent A enpl oyed in éhe reparation .
¢ knowmeaddition pelyserization galalyst usading pptymerization.

tal yst may be, obtai pe , cpntacting.a titaniu

tahye ﬁxam&seéneﬂac@b%sg -taRe 80lid| catel s dorgred by
such as the fopll ow,ng. 0058]  Ti t ani um ounds t hat,
RORLRRLIngG éldSQhA sa&qéxgtece%mnygt coy URL magnesium,
ex lified Qy titaniumc ounds.havj ng th eneral
o IpGeR Bk R XEIECtiTb, GOROT | @etetrEAr b HIOH o satalyst
of 1 to ZR,, . .
component A”) with an organoaluminum compound component and an

electron donor component; and metallocene-type solid catalysts

prepared by supporting a metallocene compound and a cocatalyst |

component on a granular carrier. Combinations of these catalysts may
also bé used.

[0057] What is commonly referred to as a titanium/magnesium
composite catalyst may be used as catalyst component A employed in
the preparation of a Ziegler-type solid catalyst. This composite
catalyst may be obtained by contacting a titanium compound, a
magnesium compound and an electron donor such as the following.
[0058] Titanium compounds that may be used to prepare catalyst
component A are exemplified by titanium compounds having the

general formula Ti(OR')sX4.. (Where R' is a hydrocarbon group of 1 to
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20 carbons, X is .a halogen atom and the letter ais
a nunber such that 0 < a <_4). Illustrative
exanpl es include tetrahal ogenated titani um conpounds
such as titaniumtetrachl oride; trihal ogenated
al koxyti tani um conpounds such as ethoxytitani um
trichloride and 5 butoxytitaniumtrichloride;
di hal ogenat ed di al koxytitani um conmpounds such as
d2@chrbotis, Dais arhalbgbh atoie andahdilbtiena)is ial mumber such that 0
di chl ori de; nonohal ogenated triaukoxytitani um
congondy, sulllusteativier iextanopldesi imolinden tétralidldgenatdd titanium
tributoxytitaniumchloride; and tetraal koxytitani um
ceorppontds sucducks t asr actitaniymi t atétrachloride) tnhalogenated
tetrabutoxytitanium These titani um conpounds na
Lalkoxytitayliynor componmdsi sachoas ethaxytitaniumr dric orlde and
t hereof . [0059] Magnesium corrpounds that may be used
tmmwmmmbhh ride;odihabegenated rdiabscatypitaniuvsd ¢ompounds
rragne3| um conpounds \Nhl ch have a nesi um car bon
dyerideoand adig;umjéu@mlsm dichloride;
reduc:| n abl lity, and rragne3| um conpounds whi ch | ack a
agjgmt«tdty trinlkoegrtitaniumex angowpoundsagnediohn  as
conpounds whi ch have .a reducing ability .include
driethgxytitgnasmu mebdoridendand ucitioxytitaninm negHesiden and
d| et hﬁ( magnesj um di but yl rragne3| um and

i ueempokndsagichy uas hdetraethoxyditanim  and

but | magnesi um 20 chlorl e; .alk Ialkox magnesi um
RSt A 20 ol i AL OXIEINER T singly or

al kyI gnesi um dr| des su as butyl rragne3| um

IatNs0 KA &M Gﬁﬁds having a reducing
aJl so be used.in. the form of onpl ex
ﬁg’ﬁéaﬂwgnﬁsmncwaﬁaéﬁ Uik Lmﬁxo%deﬁ% %nge@m]catalyst
[l lustrati e exanpl e nesi um conpounds i ch
|GRmPaneRto, '@Bpfm%ﬂ Qﬁgnw%e%mngmr@@” which have a

magnesi,um co uch as
magnesium-car on ri) nd oF a magnesmm~hydrogen bond and have a

reducing ability, and magnesium compounds which lack a reducing
ability. Illustrative examples of magnesium compbunds which have a
reducing ability include dialkylmagnesium compounds such as
dimethylmagnesium, diethylmagnesium, dibutylmagnesium and
butylethylmagnesium; alkylmagnesium halides such as butylmagnesium
chloride; alkylalkoxymagnesium compounds such as
butylethoxymagnesium; and alkylmagnesium hydrides such as
butylmagnesium hydride. These magnesium compounds having a
reducing ability may also be used in the form of a complex compound
with an organoaluminum compound.

[0060] Illustrative examples of magnesium compounds which lack a

reducing ability include dihalogenated magnesium compounds such as
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magnesi um di chl ori de; al koxymagnesi um hal i des such as

nmet hoxymagnesi um chl ori de, et hoxynmagnesi um chl ori de

and but oxymagnesi um chl ori de; di al koxymagnesi um

conpounds such as di et hoxymagnesi um and

di but oxymagnesi um and magnesi um 5 car boxyl ates such

as magnesi um | aurate and nagnesi um stearate. These
magnesi um conpounds which [ack a reducing ability may
bmagieghanndsdidhlefide; e alkdiafhgaesiutn t hdjalidesadvaiele  as
or at the time of catalyst conponent A preparation,

binethéxpmagiesied f rohivedeegsmixymegnesiunt helloiide and
reducing ability. 10 [0061] El ectron donors that my

bbutisginignesianarchledte] dislkoxyroagmésiud icozhpdands such as
oxygen-cont ai ni ng el ectron donors such as al cohol s,

pdetedsymajgatsives, abhde hﬁbatomnb%mﬂium;aciaiﬁl eslagh@sium
of organic or inorganic acids, ethers, acid am des
acatbaxiytates hyuch des ; naghesgen- tantate namd nelgewsivm  stearate.
donors such as ammoni a, am nes, nitrites and

i Theseamagsesianm cofnpowads ovizichdlack adesslucihgtabitiey may be
el ectron donors, the use of inorganic acid esters,
ocompoundsiwhinht are synthesizesl, eitherpineadvance of Gaahe time of
Preferred inorganic acid esters include silicon
ceatplyshdsomponeny thepreparations obyruba keoven ( oRthoedn from a
(where R2 is a hydrocarbon group of 1 to 20 carbons
omagnpsigim gempoeund hagingsa sedyeingabilih group 20 of 1

to 20_carbons, and the letter n is a nunber such that

d 0861 ] Electron donerxs that weay bgnjsedsto prgpage catalyst component
tetra uﬁgxysilanes such as tetranet hoxysil ane,

tétmgﬁl Q¥¥genseonigining elegtinndoaprsaguch as alcohols, phenols,

Y, S, oSS o A i
S0 HAC T VA S M Bt i
b el ethocyer) ane, 1 sobutylLri et hoyol Lageand g
organic acid halides. Of these electron donors, the use of inorganic
acid esters, organic acid esters and ethers is preferred.

[0062] Preferred inorganic acid esters include silicon compounds
having the general formula R%Si(OR%)., (where R? is a hydrocarbon
group of 1 to 20 carbons or a hydrogen atom, R? is a hydrocarbon group
of 1 to 20 carbons, and the letter n is a number such that 0 < n < 4),
Ilustrative  examples include  tetraalkoxysilanes such as
tetramethoxysilane,  tetraethoxysilane and  tetrabutoxysilane;
alkyltrialkoxysilanes such as methyltrimethoxysilane,
ethyltrimethoxysilane, butyltrimethoxysilane, isobutyltrimethoxysilane,
t-butyltrimethoxysilane, methyltriethoxysilane, ethyltriethoxysilane,

butyltriethoxysilane, isobutyltriethoxysilane and t-butyltriethoxysilane;
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and di al kyl di al koxysi | anes such as
di met hyl di net hoxysi | ane, di et hyl di net hoxsi | ane,

-di butyl di met hoxysi |l ane, dii sobutyl di met hoxysil ane,

di -t - butyl di met hoxysi | ane,

but yl met hyl di met hoxysi | ane, butyl et hyl di net hoxysi | ane,
5 t-butyl nmet hyl di net hoxysi | ane,
dlnethyld|ethoxy3|lane dlethyldlethoxy3|lane

bt Vg QWI' fanedi | SQRM Y/ 4§ et hiixiethiRfifhethoxysilane
t butyl di et hoxy’s I ane, butyl net hyl di et hoiysr aneXy ’

b&'feﬂhﬁkﬁ'ﬁieﬂh@kéimf#ﬁ' | ane and dibutyldimethoxysilane,
t - butyl net hyl di et hoxysi | ane. [0063] Preferred organic

adiisbinayRdisméthokysitan@nof uncti onal andr-t-ertyldlmethoxysﬂane,
pol yfunCti onal carboxylic acid esters, such

ey yidimbehoxydilame,d esters, bu@% dlmethoxysﬂane,

carboxylic acid esters and aromatic car oxy ic acid
esbatydméthyldimethoxgsikam)pl es i ncl ude ngirhythyddietiadeysilane,
ethyl” acetate, nethyl propionate, ethyl propionate,
edieshyldigthoayeilans, hyillbulgrlléredh@cysﬂmtd; ytlua@lwﬂ}@dmhoxysﬂane,
ethyl acrylate, nethyl nethacrylate, ethyl benzoate,
1di-bbutyldiethorgsidaneret hyl tol uat e, ebhlyylmeﬂwidheﬂloxysﬂane,
ethyl anisate, diethyl succinate, dibutyl succinate,
dinettybgthyidik thasyesilagietand 1-buty lnmathyldietlioxytsilaheral eat e,

di butyl mal eate, diethyl itaconate, dibutyl itaconate,
di0963y | Pretfetretlatarganic- nadidt ydstexst linthide amdndifunctiomall and
pht hal ate. Preferred exanpl es include unsaturated :
grolyfianctionalr tarbpikiyticaacdid estens; such asuakipbatic carboxylic acid
met hacrylic acid esters, and phthalic acid esters such
astens) ailicychici ¢athoxylic aeid hesters apddarometier eathoxylic acid
nor e preferred [0064] Illustrative exanples of ethers

igstensde Hlustragivestexamplescinclede omethyl asetate, ethylitagetate,

et her, diisobutyl ether, djanyl ether, d||soaéﬁL

emn&ry Pé@mnawt wthyd ﬂv@aplcmmy |ethxlo xh dvalerate,
eth [ sobu I her 5 Pref &);gn'pl es include

angthyl aeml h.a | mg rr methsseylate, g aben@ate

bu ”P'ﬁé’nz%faté’f Tethyl fotdate; ethyl Lol eiy] aniSate, diethyl
succinate, dibutyl succinate, diethyl malonate, dibutyl malonate,
dimethyl maleate, dibutyl maleate, diethyl itaconate, dibutyl itaconate,
diethyl phthalate, di-n-butyl phthalate and diisobutyl phthalate.
Preferred examples include unsaturated aliphatic carboxylic acid esters
such as methacrylic acid esters, and phthalic acid esters such as maleic
acid esters. Phthalic acid diesters are more preferred.

[0064] Illustrative examples of ethers include dialkyl ethers such as
diethyl ether, dibutyl ether, diisobutyl ether, diamyl ether, diisoamyl
ether, methyl butyl ether, methyl isoamy] ether and ethyl isobutyl ether.
Preferred examples include dibutyl ether and diisoamy! ether.

[0065] Illustrative examples of organic acid halides include mono- and
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pol yfuncti onal carboxylic acid halides, such as

al i phatic carboxylic acid halides, alicyclic
carboxylic acid halides and aromati c carboxylic acid
halides. Illustrative exanples include acetyl
chloride, propionyl chloride, butyryl chloride,

val eroyl chloride, acryloyl chloride, 5 nethacryl oyl
chl oride, benzoyl chloride, toluoyl chloride, anisoyl

l9fisetionalcedrbkylibl aid thalides| suoh as hlliphatie. carbbrylic acid
chloride, itaconyl chloride and phthal oyl chloride.
Rialiders, edisgclicptaboxyticusisidahalidés andcardmatit icarboxylic acid
chl ori des such as benzoyl chloride, toluoyl chloride
dmalidazht hdlllustrativieoréxaenplebt finclude cddetyl dehloside, propionyl
especially preferred. 10 [0066] Exanples of nethods

fehlorideparbutyrydat eltlpsides ormberayd Achlionidey deacryiloyl  chloride,

foll owing. (1) Reacting a l|iquid magnesium conpound,
anethacoyidyx ahdoridendcberizoyd whiprideurtobwoylo whloridé, aanisoyl
el ectron donor, with a precipitating agent, then
tatdatideg succinyh chlorideymatonypbohtbride,wnaleyd chloride, itaconyl
15 compound and an_el ectron donor. (2) Treatb;% a .
shlpridesand phihaloyineblenide.or Pre examples imelude aromatic
sol i d magnesi um conpound and an el ectron donor, wth a
tearbaxylic asidhsblerides sugh as benzoyhchlaridsmpolunylehdosde and
el ectron dgnar. (3 Reactigﬁaa i quid nagnesi um
q@hibaloyd chleride. | iﬁh}h@lobﬁllc nade ies Yipreteiradie
presence of an el ectrqgn donor, and |nducing the
10866p; Examplesorofa methadst itornprepasng| eatalyst) cempanent A
Lreft'n t ? reacti on product obtained in nethod (1),
(1ng. 8FB&’EH@\HS-\MH\a.titaniumconpound, or with an
eIS tron, dongr and a titani um conpound. 25 &g& A
rfdd IReactingm ligvid magnesiymEREPoNHds OF 8 Foippleeempgund of
| k titani d wth [ o
%@&pﬁ% I w%gﬁow dnd an efectron don %n%n Ey %rgé?pitatmg
agent, then treating with a titanium compound or with a titanium
compound and an electron donor.
(2) Treating a solid magnesium compound, or a complex compound of a
solid magnesium compound and an electron donor, with a titanium
compound or with a titanium compound and an electron donor.
(3) Reacting a liquid magnesium compound with a liquid titanium
compound in the presence of an electron donor, and inducing the
precipitation of a solid titanium complex.
(4) Further treating the reaction product obtained in method (1), (2) or
(3) above with a titanium compound, or with an electron donor and a
titanium compound.

(5) A method in which a solid product obtained by reducing an

alkoxytitanium compound with an organomagnesium compound such as
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a Gignard reagent in the presence of an organosilicon
conpound having a Si-O bond is treated with an ester
compound, an ether conpound and titani um
tetrachloride. (6) A nethod in which a solid product
obtai ned by reducing a titanium 5 conpound with an

or ganomagnesi um conpound i n the presence of an

or ganosi |l i con conpound or an organosilicon conpound

ag dGHpreate feagempiny el prégeprtedf byn agiandsilicorraenpound
a mxture of an ether conpound and titanium

tpaviaghlaor8id®, bopid dsettestedawithgani esteti dompahinde an ether
conmpound, and the treated solid is subsequently

t ¢@apetnd 4dd titaifuni tetrachlofidan et her conpound and
titaniumtetrachloride or a mxture of an ether
c@inAundthaod imvwhicht 2 sohd produde obtained les reducing a titanium
conmpound. (7) A nethod in which the product of the
carmpoundawithy an sorginemagnesiumxiéatmpodntyidr theaprasence of an
magnesi um and a hal ogen-cont ai ni na. al cohol is
catrganosdicon compownd crr an argamosHiwdm compolundnand an ester
conpound, either 15 following treatment with a
heoropenati i tgated by vdddings imudirder,r @aamiture (@ an ether
met hod in which a magnesi um conpound such as the . .
neampounch apd) titarfiuan tetngghlaride,i Jodowed by an organic acid
al koxymagnesiumis_contacted with an _electron donor
dialide compeund,canp dhe dreated realid a5 isubsequentbatieated with a
20, with a hal ggenating agent or w thout such )

of an( ether cempound aed ¢apibun degachloride oma gpixture of

t
of thods (1) to.(8) above ith a hal ogen, a hal ogen
HhBEEE FosRpRUNd: HaRIYE tﬁ%ﬁbi&itﬂ%ang BOCRSHST ¢ympREnd.

I e S L BB A S bR Bt pf & metl
SRR, e S 3.  S3babes Rl Heohol s
contacted with an electron donor and a titanium compound, either
following treatment with a halogenating agent or without such
treatment,

(8) A method in which a magnesium éompound such as the magnesium
salt of an organic acid or an alkoxymagnesium is contacted with an
electron donor and a titanium compound, either following treatment
with a halogenating agent or without such treatment.

(9) Treating the compound obtained in any of methods (1) to (8) above
with a halogen, a halogen compound or an aromatic hydrocarbon.

[0067] Of the above methods for preparing catalyst component A,
methods (1) to (6) are preferred. These methods of preparation are
generally all carried out in an inert gas atmosphere, such as nitrogen or

argon.
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[0068] In the preparation of catalyst conponent A, the
titanium conpound, organosilicon conpound and ester
conmpound are preferably used after dissolution or
dilution in a suitable solvent. Illustrative exanples

of such sol vents include aliphatic hydrocarbons such

as 5 hexane, heptane, octane and decane; aromatic

hydr ocar bons such as toluene and. xylene; alicyclic
hjopésjarbotie sirehanfticly cOPheatahst coBiponeinclAohakaneitanium
and decal in; and ether conpounds such as di et hyl

e¢dapouddh viyanadilieon componnd land! éxter entipound are ﬁ)referably
tetrahydrofuran. [0069] In the preparation of catalyst

casbradter dissbhetiore ngredilution dh alSuitdtder solveinbg Illustrative
reacti on whi ch uses an organonmagnesi um conpound i s
oexmnpldsy dft such S8olvents? Aacludeorlipimtict drydirocatborfs such as
catal yst activity and cost, the tenperature is

thextaneg bhepthnemocking andsdecamerd anamatic phydrocabbgns rsmeh as
-25 to +35C. The dropwi se addition tinme for the
dodueneragne s xylernsg matieydlic wihiyideocarbonsbjsach s ayglohexane,
particular 15 limtation, i;agfnerally from about 30
rnnethyleyclohexane and idscalin; andl ether epmpeynds isushoas diethyl
the reducing reaction, subsequent reactions nmay be
cether,alibutyl ethen diisepordtather and tetsahpdrofurareoc,

[0070] In the preparation of catalyst component A, the

rl np the prepasationyobeatadysti ecemponent, A, (deptesapenature of
of a porqQus material such as 20 an inorganjc oxide or _ ,
dheoregduging peagtion whiek usssaan vgaRemagnesiERosedpPouRd is
i npregpate into the rous_material. Such pogous . .
RNarALY SFomt <3G tapi i Koy cFEORGHE Handemt okcyialst activity
radjus of from20 to 200 nm of . af, | ea 0.3 and

A ¢osh JheptamporatuLe; o PEFeRALl, oG ébotqnﬁ'@ghramgnore
of porous |norgapi c oxj include Si 02, Al203, O
z:ge%l@i»ﬁérfaomonggstq P35 Minoeamwise adgition GiRe for the
TN TR Wi o T ——
limitation, is generally from about 30 minutes to about 12 hours.
Following completion of the reducing reaction, subsequent reactions
may be carried out at a temperature of from 20 to 120°C.

[0070] In the preparation of catalyst component A, the reducing
reaction may be carried out in the presence of a porous material such as
an inorganic oxide or an organic polymer so as to allow the solid
product to impregnate into the porous material. Such porous materials
preferably have a pore volume at a pore radius of from 20 to 200 nm of
at least 0.3 ml/g and an average particle size of from 5 to 300 um.
Examples of porous inorganic oxides include SiO;, Al,O3;, MgO, TiO,,
ZrO, and composite oxides thereof. Examples of porous polymers

include polystyrene-based porous polymers such as polystyrene and
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styrene-di vi nyl benzene copol yners; pol yacryl at e-based
porous polyners such as polyethyl acrylate, nethyl
acryl ate-di vinyl benzene copolyners, polynethyl
met hacryl ate and nmet hyl nethacryl at e-di vi nyl benzene
copol yners; and pol yol efi n-based porous 5 polyners
such as pol yet hyl ene, ethyl ene-nethyl acrylate
copol ymers and pol ypropyl ene. O these porous
sstiyeeneckvinytbéizendl 2C3opolymety r enpoliactyintdbagede porous
copolynmers are preferred. [0071] The organoal um num

et socipazepolyesbyl iacrylace, niethyl atfylatestlivinyl benzene

I egler solid catalyst has at 'east one
a¢opolynersar bon polPniethyl on t haethaceglate and amly methyl
typi cally have one of the followi ng general fornulas.
teREREyTbenzemy Rbpolymiers; ad\pololefin-basedporous
to R8 are each hydrocarbon groups having 15 from1 to

Spalymberss sueln dasY podyethiybeney eethyleng-niethyb genylate asopolymers
al koxy group. R4 to RS may each be the same or

darid epelypropylene. t &1l thaser porous substances, sSidy,t MdsO; and
2:5 m5 3. [0072] Illustrative exanples of the

ostgwrwdwmylbnra@itpmm ynerp ere prefeneidude

trial kyl alum nuns such as triethylal um numand 20
t[007ddbThe aorgmmaﬂmmm kyaonpeimnd maopaporkent sussd ain  the
dlethylalun1nun1 dri de and di sobut Ialun1nun1hydr|de
dprepRyation of er sekid catalysthas @ %/ aloum aluminum-carbon

chl ori de and d| i sobut yl al um nym chl ori de xture
bend H1x gmﬂmﬂﬁmi may dtymgglly hawe mehaf tﬁ@ ?olfowmg

such as_ a mixture of triethylalum numw th 25

o434 I8 m chl ori de; and al kyl al unoxanes such as
tetraetﬁyl‘giﬁql unoxane and tetrabutyl di al unoxane. O

t hese 3-m

R’R°AI-O-AIR'R?

In the above formulas, R* to R® are each hydrocarbon groups having
from 1 to 8 carbons, and Y is a halogen atom, hydrogen or an alkoxy
group. R*to R® may each be the same or different. Also, the letter m
is a number such that 2 <m < 3.

[0072] Dllustrative examples of the organoaluminum compound
component include trialkylaluminums such as triethylaluminum and
triisobutylaluminum; dialkylaluminum  hydrides  such  as
diethylaluminum hydride and diisobutylaluminum  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
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or ganoal um num conpounds, the use of a

trialkylalum num a mxture of a trialkylalum num

with a dial kylal um num halide, or an al kyl al unbxane

is preferred. The use of triethylal um num

triisobutylalum num a mxture of triethylal um num and

5 di ethylal um num chl oride, or tetraethyl di al unbxane

is nmore preferred. [0073] Exanples of the electron
oahirRbment ng@undst e uBe &ifod akialkylafurhindimaglaemixture

solld catal yst include t he foll ow ng conmonly used

edfchr oridlkyilaminupgewitlontai didkytileaiinam ddrdide, or an

such as al cohols, phenols, ketones, al dehydes,

calidpteduimoxaae dis tpgrefaseds s ofTHeD aisganof ariethylaluminum,

i norganic acids, ethers, acid am des and acid

antigobutyéslunsindm,ni t aogemituteni niofy eteethylaludeimmm  and

such as amonia, amines, nitriles and isocyanates. O

tdietteylaheanimon chlorideconpetrasthyldiahimgzane isiniate preferred.

esters and ethers are preferred. [0074] Preferred

i [0873d lExampiles eef ethe | aeleictmdn sdonerncompoeaentisusédt e the

15 general formula R9"Si (OR10)4.,, (where RO is a

tpreparaticroof gr digglor solidocatalyst dnolwde the follpwing eommonly

atom RI10 is a hydrocarbon group of 1 to 20 carbons,

amsed: iedecteon edonorss s oxlygehstormgaming <electran (denorst sueh as
exanﬁles i ncl ude tetrabutoxysilane

rleohels, mhenolsisketones, aldehydes, carboxylic acids, the esters of
tert-putyl-n-propyl di methoxysil ane, ) ]
PIERBIwEE gIganitaeicsy stherpeacidamudes and acid anhydrides; and
cy.cl ohexyl et hyl di met hoxysi | ane. [ 0075] Preferred .
dUHOLEN: ¢RIAHENG ﬁR’?’Pneéwé@@, sughy ag; &mnmaoniao Ay nRssnitriles
of ihe general f(% la Rgi A R"OCH-CCHs-OR 14 1 , \
ippcyanates. ese electron donor components, inorganic acid-
esters and ethers are preferred.
[0074] Preferred inorganic acid esters include silicon compounds of the
general formula R’,Si(OR'®)4., (where R’ is a hydrocarbon group of 1 to
20 carbons or a hydrogen atom, R' is a hydrocarbon group of 1 to 20
carbons, and the letter n is such that 0 < n < 4). Illustrative examples
include tetrabutoxysilane, butyltrimethoxysilane,
tert-butyl-n-propyldimethoxysilane, dicyclopentyldimethoxysilane and
cyclohexylethyldimethoxysilane.
[0075] Preferred ethers include dialkyl ethers, and diether compounds

of the general formula
Rll
|
R!?20-CH,—C—CH,;—OR*

RII
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In the above formula, R' to R14 are each independently

a linear or branched alkyl, alicyclic hydrocarbon,

aryl or aral kyl group of 1 to 20 carbons, although

R11 or R12 may be a hydrogen atom Illustrative

exanpl es include dibutyl ether, dianyl ether, 5
2,2-diisobutyl -1, 3-di et hoxypr opane and

2, 2-di cycl opentyl -1, 3-di met hoxypropane. [0076] O

tIrpshe eltnte Sormoimr RébrpoRthise amchoi identlyn a linear or
conmpound of the general fornula RLI5R16SI (ORI7)2 is

ebramchet! a]kyhrdiceyalﬂﬂhyﬂemwrb%ary ar layalkyt sgrbap of 1 to 20
group of 3 to 20 rbon |n 10 which the carbon atons

nearbohs; ialthough R mmR ayebenaldrgdrogent atamar Jllustrative

Il lustrative exanples i ncI ude branched chai n al kyl

gcxnmplessuch includepr opydibusdc- but gthers er t - diamyl and  ether,

tert-anyl; cycloal kyl groups such as cyclopentyl and

c&ﬁl—dhmbﬂtyl-dyﬁdmidtbﬂy}'pmpams such as and
cl opent enyl ; and aryl groups such as phenyl and
t ydlcyk:lopemty -153-damethexypropang. a hydr ocar bon group
to 20 carbons, illustrative exanples of which

i [rﬂﬂ%ﬁd Oft rtheget elpetranal dqnogr SOBIPIRIHSAs afet nyganosﬂlcon

et hyl , propyl butyl and penty]| hed al-kyl , group
seempeynds o dbgl ,genesal Emymulat &5%585(0&% is e8pec1ally

peronbl 11430 A1 SR S B, TETH s i
i hAgoRORRL bRl o oo

Sor G i eBsensed e s che "SRk B roups
R e S e
t%%;é&p&m M (,!, hcjxéey,ﬁ ncyclzoalkenyl groups such as
SHRRHLI TR o Wi, AR . 10
formula, R16 is a hydrocarbon group of 1 to 20 carbons, illustrative
examples of which include straight chain alkyl groups such as methyl,
ethyl, propyl, butyl and pentyl; branched alky! groups such as isopropyl,
sec-butyl, tert-butyl and tert-amyl; cycloalkyl groups such as
cyclopentyl and cyclohexyl; cycloalkenyl groups such as cyclopentenyl;
and aryl groups such as phenyl and tolyl. Also, in the above formula,
R" is a hydrocarbon group of 1 to 20 carbons, and is preferably a
hydrocarbon group of 1 to 5 carbons. Illustrative examples of
organosilicon compounds that may be used as such electron donor
components include tert-butyl-n-propyldimethoxysilane,
dicyclopentyldimethoxysilane and cyclohexylethyldimethoxysilane.
[0077] In the preparation of a Ziegler solid catalyst, the
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- separately

or ganoal um num conpound conponent is used in an
anount, per nole of titaniumatons in catalyst
conmponent A. of generally from1l to 1,000 noles, and
preferably from5 to 800 noles. The el ectron donor
conponent is used in an anount, per nole of titanium
atons in catalyst 5 conponent A of generally fromO.1
to 2,000 noles, preferably from0.3 to 1,000 nol es,

afivatumimier ednpoundeémponentdused és an 6%Int, per mole

Catal yst conmponent A, the organoal um num conpound

coftitardnm atuins e catalgst component grofoperdraligyfrom 1 to 1,000
brought into nutual contact before being fed to the
muolest apd ?néfmwbl'yz dtomn 51Qor 880t miolesr riBle belectron donor
ed to the nultistage polynerization
reamponent frrusedin ant@mount,per mbde o ditannim atoms in catalyst
Al ternatively, any two of these conponents may first
beomponent Aj ofi generaldy foommed.] tan2 000emolesyyirefergbly from 0.3
conponent subsequently brought into contact, or the
rmsnﬁ@@o melesy e preferalybirooyAtS 18060 moles!
contact in_a plurality 15 of divided portions. [0079]
V8] eCatslystet gomponentcoApoutheés organasdyminuns e ¢ompound
prepare the netall ocene-type solid catal yst include .
teamppnenh ansk the eleptronndener aampenentomaiy be rhyought into
formula. LXM 20 In the formula, Mis a fransition

rmouwal contact befers baingh fedit tosrthes mumldistage pelymerization
epgtTocom anay He (seHe e tal thesmmylissegd polymerization
Seasiroaien Sostactcot R i ATERAE e o o
et Fbauedle i beosomarnd Sy pih by ind the
trie%l%{iirﬁjnrg E&[n%%r}lie%n %{lbggcfu?énlﬂ?' g?ought into contact, or the
respective components may be brought into mutual contact in a plurality
of divided portions.
[0079] Examples of metallocene compounds that may be used to
prepare the metallocene-type solid catalyst include transitioﬁ metal
compounds of the following general formula.

LM
In the formula, M is a transition metal, x is a number which satisfies the
atomic valence of the transition metal M, and L is a ligand attached to
the transition metal. At least one occurrence of L is a ligand having a
cyclopentadienyl skeleton.
[0080] 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.
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[0081] Ligands L having a cycl opent adi enyl skel eton

are exenplified by (substituted) cycl opentadi enyl

groups, (substituted) indenyl groups and

(substituted) fluorenyl groups. Illustrative exanples

i nclude cycl opent adi enyl, nethyl cycl opent adi enyl,
tert-butyl cycl opentadi enyl, 5

di met hyl cycl opent adi enyl ,

t 08 19ULigaiRishY) Exeingpanéyslopentadienyl skeleton are exemplified
net hyl'i sopropyl cycl opent adi enyl ,

thy 8hbytititedy @9616}581@@&%{1;{1 groups, (substituted) indenyl groups
t et ramet hyl cycl opent adi eny[,

perd a(mibiatitated) o flireny e ngtoupsndedilustrative examples include
4,5, 6, 7-tetrahydroi ndenyl, 2-nethylindenyl,

Zeyaivpehiadienyl , methykiykjopertadienyl5-tert-bytylopelopentadienyl,
6- met hyl i ndenyl, 7-nmethylindenyl, 10
2dineethybesolopenadyényl3- t er t - but yert-bigpirethylcyclopentadienyl,
4-tert-butylindenyl, 5-tert-butylindenyl,
amethylisopropylaaigpentadiant]; but yl i ndemyethylcyclopentadienyl,
2, 3-di net hyi ndeyl , 4, 7-di met hyl i ndenyl, . )
Aetrafmethytostdigpentadisriyl, pentamethylcychopengdiemydny lindenyl,
4, 5-benzi ndenyl , ~2-nethyl -4, 5- benzi ndenyl , ‘ .

4. pitsAvtetmaliydyoindenybs hyi - B-moethylindensily| |  18-methylindenyl,
2-nmet hyl - 4-phenyl i ndenyl , 2-net hyl - 4- napht hyl i ndenyl ,
f4-methylindeny],7 Semnethylndenyd; emethylindenyl, 7-methylindenyl,
2,7-di-tert-butg|f|uorenyl and suybstjtuted versions

ot-tenibutplindenyh caseS-wrebatylindenyle a pHotert-buylindenyl,
3Gemsunldenyh: o216 et Gadensi e o9 tebgalindenyl
Sedrrasthy idexty omp P 1 Saethy Wodehtla: omAvkd igedylindenyl,
(radtbirl-olsOPeaBuingeatly a cvcl opent adi one- | db%-bemrindenyl,
a4 EREHIFT o AP By iRl ToWFBHI-Scpetttindeny,
gy epheRy e or SrpethyrapghiiyBageny  fluorenyl,
ti:%&%&ﬁdﬁﬁ&%%%ﬂ, 35,7-di«tert—butylﬂuc;renyl and substituted

versions of the above. In cases where there are a plurality of ligands

having a cyclopentadienyl skeleton, these ligands may be mutually like
or unlike.

[0082] Ligands L other than those having a cyclopentadienyl skeleton
are exemplified by heteroatom-bearing groups, halogen atoms and
hydrocarbon groups (excluding groups having a cyclopentadiene-type
anion skeleton).

[0083] Examples of the heteroatom in the heteroatom-bearing group
include oxygen, sulfur, nitrogen and phosphorus atoms. Such groups

are exemplified by alkoxy groups, aryloxy groups, thicalkoxy groups,
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t hi oaryl oxy groups, al kylam no groups, aryl am no

groups, al kyl phosphi no groups, aryl phosphi no groups,

and aromatic or aliphatic heterocyclic groups having

on the ring at |east one atom sel ected from anong

oxygen, sulfur, nitrogen and phosphorus atomns.

Illustrative 5 exanples of the hal ogen atons include

fluorine, chlorine, bromne and iodine atons. The :

htdoasdoken gheups, ar alleydamindf | egrdupsal kydrylamird kygroups,

aryl and al kenyl "groups. [0084] Two or nore |igands L
ofiplenbl gohpakqul hoqﬁnhoWsp andrexpniatid onktiphatic

through a residue contalning at [ east one type of atom

1Reteebeyadlaxl gfowps having oartherringidti least onetatogeselected from
oxygen, sul fur and phosphorus atonms. |llustrative

eamonie oxygeny culfirs initregennahd dphosphgtusnatams.updllustrative

such as met hyl ene, ethylene and propyl ene; substituted
a¢xamples of thehatogsn ators includenfiubrinep ehlorine, bromine and
(|sopropylldene and _di phenyl met hyl ene; silyl ene

-atomsst | {khechydrogazhen groups sre rexemplified by alkyl,
dlnethyIS|Ierne di et hyl silyl ene, diphenylsilylene,
tanallgyfeanyll and alkenyh granps.di met hoxysi | yl ene; and

het er pat ons such as ni trogen, oxygen, sulfur and
{0984 o Fwre. ourn@wehsand@alhmaéhbe izeot J)y dinked to each other or

dlnethylnet Iene i sopr | ylldene)ﬂ henylnethylene
f;if/ étrﬁﬂfglq CoRigaINg E ma/tm% of atom

20 nethoxy3|lyl ne are especlally preferred.
QI8 AMQNG: GArRep; & lwnnéna“pgsaer@cxgﬁnpoawcfgr and

mﬂmﬁ%ﬁys@;{q‘%@gﬁ T 800 STt S S A include
Flkylens: Bor A g a'ﬂqmr ;eilwl@aﬁ.qm Brepylspgibstiuted
aﬂg e%réebl z préd S ch) %s S lJL['nylmE:J:}qy(iene (1sopr0py11dene) and
diphenylmethylene; silylene groups; substituted silylene groups such as
dimethylsilylene, diethylsilylene, diphenylsilylene,
tetramethyldisilylene and dimethoxysilylene; and heteroatoms such as
nitrogen, oxygen, sulfur and phosphorus. Of these, methylene,
ethylene, dimethylmethylene (isopropylidene), diphenylmethylene,
dimethylsilylene, diethylsilylene, diphenylsilylene and
dimethoxysilylene are especially preferred.

[0085] Illustrative examples of metallocene compounds include

bis(cyclopentadienyl)zirconium dichloride,
bis(methylcyclopentadienyl)zirconium dichloride,
bis(indenyl)zirconium dichloride,
bis(4,5,6,7-tetrahydroindenyl)zirconium dichloride,
ethylenebis(indenyl)zirconium dichloride,
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di met hyl si |l yl enebi s(trinethyl cycl opent adi enyl ) zi rconi u

m di chl oride, dinethylsilylenebis(indenyl)zirconium

di chl ori de and

di met hyl si |l yl (tetranet hyl cycl opent adi enyl x3, 5-di -tert-
butyl - 2- phenoxy) titaniumdichloride. Additiona

exanpl es i nclude conpounds in which 5 the dichloride

has been substituted w th di met hoxi de or di phenoxi de
gdomethyl§ibpleaEbisftramatlydtyclopentadienyl zacomymbe dichloride,
in the preparation of netall ocene-type solid
cdﬂnb&g{lmly]nnbbméunieggdl)mtmmoxy c opchiodizle and
or ganoal um num conpounds and boron conpounds. 10

[ dﬂﬁé‘l]hyllslﬂjdﬂatmnetélyéajmippentadﬂenyié(hﬁqhﬁtswt-bnty'ltm@hpnoxy)
conpounds_ i nclude tetranethyl di al um noxane,

t itandemhgichileridei ncﬁddﬂmnal exaniples intlade conpewads in which

tetrahexyldlalun1noxane t hyl al um noxane,
ethiey dighlotidex has besnt yubmtut swith dimgethoxide or diphenoxide
hexyl al um noxane. [0088] IIllustrative exanples of

oZfalsal um num conpounds i nclude 15
trinetgélalun1nun] triethylal um num

pgatalyst eemponents that mayabe msednimtlae preparation of

tri hexlalumnum 0089], Illustrative exanpl es of
g{h % mlp@,ge catzllysts chude organgoalumnumoxy

trls(pentafluorop nyl ) bor ane, trlphgqylcarbenlum

t‘amﬁﬁugéwm yngﬁwqmgg\ag gand boron compounds.
80807 "t seienecienamges o1 (1 Arganoatuminuik o‘%e%f”yéc?mpounds
tethﬁrlf(ng fluo oﬁﬂﬁﬁﬁnhg?orate|n t%gp'iTﬁa J inoxane,
@Eﬁh@@ﬁﬁﬁgﬁgﬁé‘ ¢ R TiRbm o, e thyfafighindsane,
#%uﬂﬁ”' aSKede, buyfsluiiadiime %ﬁé%%l%&@%%ﬁr vey
sts.rah as_smectt 'Ei“”omtdmpounds include
&nFE &f p8H¥

tnmethylalummum, triethylaluminum, tri-n-butylaluminum,

triisobutylaluminum and tri-n-hexylaluminum.

[0089] Illustrative examples of boron compounds include
tris(pentafluorophenyl)borane, triphenylcarbenium
tetrakis(pentafluorophenyl) borate, tri(n-butyl)ammonium
tetrakis(pentafluorophenyl) borate and N,N-dimethylanilinium
tetrakis(pentafluorophenyl) borate.

[0090] The granular carrier that may be used in the preparation of
metallocene solid catalysts is preferably a porous substance, illustrative
examples of which include inorganic oxides such as SiO,, Al;Os;, MgO,
Zr0O,, TiOy, B20;, Ca0, ZnO, BaO and ThO;; clays or clayey minerals

such as smectite, montmorillonite, hectorite, laponite and saponite; and
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organi c polynmers such as pol yet hyl ene, pol ypropyl ene
and styrene-divinyl benzene copol yner. [0091]

Met al | ocene-type solid catalysts that may be used

i nclude those nentioned in, for exanple, Japanese
Pat ent Application Laid-open No. 5 S 60-35006,
Japanese Patent Application Laid-open No. S 60-35007,
Japanese Patent Application Laid-open No. S 60-35008,

J e palyeiiérs AsichCatason poly éﬂ'x?m@ie,l\b- ropylene and
61-108610, Japanese Patent Application Lgi -opgr?( No.

Stffer88hy| Banserssco r.Appl i cation Lai d-open No.
S 61-296008; Japanese Patent Application Lai d-open No.

00813 Ioltall d€entapase s6li@aatally stipthat anay be beddimglade those
H"3- 234709, Japanese Translation of PCT

Aﬁéhtionbddn, ifor eklame2Pdanede Patent Ajsplecation Laid-open No.
Application Laid-open No. H 6-336502 and Japanese
Fet60+3 5000| iJapanese Patért- ApplicationHLaidapeA6Nd. (9 %6)-35007,
When a netal |l ocene-type solid catalyst is used in
dlaphnese Patquil Applicaton drajd-openciioa Sy60-366080 depanesedPatent
as an organoal um num_ conpound or a boron conpound may |
b&ppledtiongeaideoperd Nec8s64¢108610, JapamesaRatent Application
met al | ocene-type solid catal yst_and the cocatal yst
doaideopen Nm;g bé-BraR0htlapaneseRatent Application Liaid-open No.
being fed into the:ﬁolynerizgtipn reactor, or may be
S 6206008 dapanase Patent Applisation Laidopanchin. o 63289505,
contacted within the reactor. Alternatively, the
rJappnese \RatentpApphicetiony LissdwnsengNoi o 3n234409, Japanese
contact_in a lurality of divided portions. [0093]
Thanglatiomeotn lfﬁTt ApplicationetNe. dl oh204¥ e Japamese Patent
pol ypreri,zatiQn catalyst_is nerally from5 to 150 X
IAppligation Haid-open Ne h@r-’fféi%ﬂndﬁaﬁmsq Ratent Application
particul a S s the scattering of particles to
tﬂﬁ!drmgbo}iﬁeiﬁgi&ait is desirable to use a

I havi 7 . . .
i8682¥5‘k’he?1v'£ gmaetalfocene-type solid catalyst is used in olefin
polymerization, a cocatalyst component such as an organoaluminum
compound or a boron compound may be used together if necessary. In
such cases, the metallocene-type solid catalyst and the cocatalyst
component may be brought into mutual contact prior to being fed into
the polymerization reactor, or may be separately fed into the
polymerization reactor and contacted within the reactor. Alternatively,
the respective components may be brought into mutual contact in a
plurality of divided portions.
[0093] The mass mean particle diameter of the above olefin
polymerization catalyst is generally from 5 to 150 pm. In a gas phase
polymerization reactor in particular, to suppress the scattering of

particles to the reactor exterior, it is desirable to use a catalyst having a
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mass nean particle dianeter of preferably at |east 10
m and nore preferably at least 15 gm The

pol ynmeri zation catalyst in the present enbodi nent nay
i nclude additives such as a fluidization aid and an
antistatic additive. Together with the pol ynerization
catal yst of the 5 present enbodi nent, conconitant use
may al so be made of a chain transfer agent such as

"itfisegfieah Opartiete RUERRIG: OF SrRQUAMY 4 Idast 10P)26 el more

wei ght of the polymer. [009 The ol efin
PprefeRiblyait RAsC a5t TRE pulythdiizdiion e8talyst in the present
prepol yneri zati on cat al yst ich first induces

Pebaliment My ichudeaidditités awehnis @f flafidization aid and an
Exanpl es of olefins that may be used in

paretpstaticeadditivieon Topdthee with theepohametiaationycialystedf the

in the above-described polynerization. In this case,

apresegt enmbedinkéntol cricomitangt ise usay alsonbe nradewofad chain
nore different ol efins my be used together. 15

[ @a8ster Magdrstd suthr aprioydiogen foe theepufposer icfategulating the
catal yst include, but are not limted to, slurry
pmiofecular stdight afithegpslymhesse  pol yneri zation. O

these, slurry polynerization is preferred. The use of

1 [0994t The iolefinodpolyimerizaticmmeatalyst enmayonibeal &y so-called
advant ageous.  Production may be carried out using a
bptepolyyerization catalystiwdtich first ibuceg podymerization in a small
continuous system [0096] The mass nean particle .
cdarapuntr ot olefin.pr e Fxiaymplesz oxfi wlefinat thatstmay be used in

generally from5 _to 1,000 m In a gas phase .
Huepelymerizrtian: dnekigle ithepeolefinal shat tmayi rhevi used in the
scatter to_the exterior , of the reactor, the mass nean
phavecdesaribad pelymerigatipnr anythis qasesa singhs type ©fgolefin
nore preferably at least 15 m Nb_ﬁgver, it is

dBayr bl wsadalone,e o5 nbwmt o inpre ghifferent; olafing, may be used
catal.yst having a particle dianmeter of 38

togethier.

[0095] Methods for producing the prepolymerization catalyst include,
but are not limited to, slurry polymerization and gas phase’
polymerization. Of these, slurry polymerization is preferred. The use
of the latter in production is sometimes economically advantageous.
Production may be carried out using a batch system, a semibatch-type
system or a continuous system.

[0096] The mass mean particle diameter of the prepolymerization
catalyst is generally from 5 to 1,000 pm. 1In a gas phase
polymerization reactor in particular, to minimize scatter to the exterior
of the reactor, the mass mean particle diameter is preferably at least 10
um, and more preferably at least 15 um. Moreover, it is desirable for

the amount of prepolymerization catalyst having a particle diameter of
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| ess than 20 m and especially less than 10 m to be
| ow. [0097] The polynerization catal yst may be
introduced into the reactor as a suspension in a
hydr ocar bon sol vent or the like. Introduction by
entrai nnment with nononer gas or an inert gas such as
nitrogen is also 5 possible. [0098] Polyol efin
Production Process Next, the process of producing a

PRy theh 20 it Bhd peeialliiéss tian IPUARISHAG, The
present enbodi'nent i's described. [0099] First,

Fngh()SW]efﬂlE i & £4ti 6P '&hﬁdl?éﬂ“ﬁa@ batiatnoduced PR &hE reactor

havi ng pol yneri zation activity are forned in the

oh&fal suspensivy ey h?éfddaﬁbéﬁ aplwintoor the tiken Qhﬂlfddglction by

pol ynerization catal yst obtained by a known nethod.

[ Sd@Qinnsemeatvitle modet igag @bay dneitrgdshsuch akinitrogen is also

pol ynmeri zation reactor "10A, an ol ef1n-containi ng gas

i podgiblevia |ine L30 into the cylinder 12A 15 and the
pressure is raised to the polynerization pressure, in
afl0928JoRoltywlefindPrddnetiontBrdogss of the cylinder 12A is

heat ed. The pol yneri zation pressure, which nay be any

pr essur Mewt,t therpracess g€ paodudingta pokyalefhiusing the production
capabl e of being present in the reactor as a gas

péestem 100 Aofdhelpreserframbedmment it desestbede to 10 MPaQ
preferably from0.2 to 8 MPaQ and 20 nore preferably

f[089]. Birsty Ppolyelefin particlgarecontairiing ar exatalyst beinponent
standard pressure, the productivity may decrease. On
thaviogherpolmerizatiomn ractivityn pressfommedovin 10theaolefin
equi pnent costs for the reactor may become high, The
petepelymesization: seastent 3iresingr pasolefin prelymenizatione catalyst
type.of nonomer, the nolecul ar weight of the product
2obtainedbby & knownanethad. ¢ hough a tenperature bel ow the

nel ting point of the _ olefin polyner, and preferaply
A01108] sSeparately\fom the abaveqin the:glefin polymerization reactor

10A, an olefin-containing gas is fed via line L30 into the cylinder 12A
and the pressure is raised to the polymerization pressure, in addition to
which the interior of the cylinder 12A is heated. The polymerization
pressure, which may be any pressure within a range at which the olefin
is capable of being present in the reactor as a gas phase, is generally
from standard pressure to 10 MPaG, preferably from 0.2 to 8 MPaG, and
more preferably from 0.5 to 5 MPaG At a polymerization pressure
below standard pressure, the productivity may decrease. On the other
hand, at a reaction pressure above 10 MPaG, equipment costs for the
reactor may become high. The polymerization temperature varies
according to the type of monomer, the molecular weight of the product
and other factors, although a temperature below the melting point of the
olefin polymer, and preferably at least 10°C lower than the melting
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point, is desirable. Specifically, the tenperature is
preferably fromO to 120C, nore preferably from20 to
100C, and even nore preferably from40 to 100C It is
preferable to carry out polynerization in an

envi ronnment which is substantially free of noisture.
The presence of 5 noisture may | ower the

pol yneri zation activity of the polynerization

ﬁgbﬁit}’iist desitdtile. { f(ﬁ)d&iﬁéﬁ ,Qh_@fteﬂir’gfe?&ﬁx@ﬁ’ g?éfe_rﬂﬂ OfR0m 0 to

noxi de or carb di oxi de within the polynerization

r $20°C O inEdes jl:@é‘f\ei’ﬁ)‘lyI foei 201¢0 FO0(MERaLE &vedmore preferably
act|V|iy. [ 0101] Next, polyolefin particles haV|ngpa

pRoOm (e tdi P If i’ pRsferdileaterbarry. Sutpoly@nakigdtion in an

5.0 nun which have been obtai ned separately ‘by a

keywwironBiehedvhich fsesubbantigllg Viréd S8Tmbestuid)r oTHE presence of

feed Iine L6 connected to |ine L5. The polyolefin
padisture mbp d owerothehpobytheridation lavdivitye ofothe pblysherization
particles ich do not contain a catal yst conponent

heatalysta polsppehé zaesenca i exdess ekypemgbatbon monoxide or

presence within the 15 particles of a catal yst
ccarponatdioxide withia the lpoipmeremation mactiohtsystem may lower the
acceptable. [0102] Wien polyolefin particles are fed

i polynmeémzatydn adivitg2A t hrough feed line L6 while

feeding an ol efin-containing gas into the reaction

6O 135Nextyr palyrolefinepagizlesihastingna i particte diameter of from
spouted bed 8 of 20 polyolefin particles is forned
vahaut).6ham éaabouh 520 moowhichrhaveibeen obtained beparately by
action of the gas fromthe gas inlet orifice, the

g knioyya me are deddte the oylindsr 124 theough avfeed dine L6
the cylinder 12A in the reaction zone 25b and a_ spout
gonnected tedling i c Theapolynlefins particles faddinte gbeneylinder
V\ﬂ;t the gas. Meanwhil e, an_annular particle bed 8b 25

i imest often partieles whichndo met centain acatalysteamaponent

e ha RS bbedER G ol et R bl witin he
particles of a catalyst component having a polymerization activity is
acceptable.

[0102] When polyolefin particles are fed into the cylinder 12A through
feed line L6 while feeding an olefin-containing gas into the reaction
zone 25b through line L30, as shown in FIG 1, a spouted bed 8 of
polyolefin particles is formed within the reaction zone 25b. That is,
under the action of the gas from the gas inlet orifice, the particle
concentration thins near the center axis of the cylinder 12A in the
reaction zone 25b and a spout 8a is formed in which particles flow
upward together with the gas. Meanwhile, an annular particle bed 8b
in which particles fall in the manner of a moving bed under the

influence of gravity is formed at the periphery thereof, giving rise to the
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circulatory novenent of particles within the reaction
zone 25b. [0103] Once the spouted bed 8 has been
formed within the reaction zone 25b, the polyolefin
particles containing a catal yst conponent having a
pol ymeri zation activity that were fornmed in the olefin
5 prepol ynerization reactor 5 are fed fromline L5
into the cylinder 12A at a constant rate per unit

U EiFeu]dtoff fioveIREESEpadicles MR tAE Feadtien 2bhe2 FY.
the ol efi"n polynerization reactor 10A. [0104]

MEBIDSY OncePeid spbutdi e8| RadbReficforifni aithitf tHasreaction
forms "a spout 8a and sweeps past the particle bed,
wiohe 256, tEpoleleRh bhRicld) anRalfiihgusceatalyst coponent
annul ar particl e bed 8bf.) In this way, The y P
oh&¥ing eonbelymerization anetivity moaty okefd rfopaidd cinethe olefin
containing a catalyst conponent having a
epolyinetizationargactort § arediedofrone lind- Disintetheddylirmleg 12A
the action of the catalyst within the polyolefin
par ta Coestarausste pee unitefinre,pcherebyi zoiimencine tsteady-state
to proceed, resulting in growh of the 15 polyolefin
papérationsof tHesolefinypdlytnen pation céactonb0Ah have grown
in the reaction zone 25b are then discharged fromthe
PO 1t04] | Medinvelhide, gparg afithe olAin hidmdthefcontaininghigas forms a
spouted bed 8 to formin the reaction zone 25b, it is
mpefudr 8 land: sareeps past the paniclepbedt widlecthed remainder of the
satisfied, i.e., that 20 the gas superficial velocity
\gasdhadifnses intoother anmelart particlae bedni8bum dasthis way, the
superficial velocity Urs at which a spouted bed is
fin-eontaining: gas gnd theapelydlefintpartielespegniaining a catalyst
properties_of the powder .and gases being handl ed, the
reomponent baving af pelymenization agtivitysundergossolid-gas contact
i nfluenced by the shape of ,the polynerjzation, reactor.
\atid the agtionfitheaca within the pelyelefis, particles sanses the
the .m ni pum gas, superficial velocity Urs. e exanpl e
icgeﬁ@r RO ﬁnp%;aﬁ@no\%acﬁpn to proceed, 1¥esurth?ng %11 gromnl? of the

polyolefin particles. The polyolefin particles which have grown in the
reaction zone 25b are then discharged from the particle discharging tube
35.

[0105] For a stable spouted bed 8 to form in the reaction zone 25b, it is

preferable that the following operating condition be satisfied; i.e., that
the gas superficial velocity Uy be equal to or greater than the minimum
gas superficial velocity Ums at which a spouted bed is capable of
forming. In addition to the physical properties of the powder and
gases being handled, the minimum gas superficial velocity Ums is also
influenced by the shape of the polymerization reactor. Various
formulas have been proposed for calculating the minimum gas

superficial velocity Ums. One example is formula (1) below.
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I / 302 U=P( AgSS-PGX (1) dBIldBI ) 2 L P
(~Z2-G In this fornmula, dp is the particle dianeter,

ps is the particle density, pGis the gas density

under the pressure and tenperature conditions of the
reaction zone, pmis the density of air under room5
tenperature conditions, and Ls is the height of the
spout ed bed. For the sake of volune efficiency and to

forma nor ahli’é Tep bepy | i s\t eferable for
theUm&rgEiréL in @J&:,@gut ﬁrflye Bei ght Ls t0-bg pot
so that #he oo ev | evejpof the d bed is at a

hi gher position than the top end 30a of the tubul ar
baffle BPth# $ermhlQnds he tﬁbaﬁﬁd@matdiafnekerfgg%%et Srticle
spout ed bed, the upper limt Tn the spouted bed hei ght
L8ensity, Dggf & aBky gagt dessityhainddie t]@@vgﬂssh@/ findftehdjerature
spouted bed is at a |l ower ~ position than the upper
ceonditiongadf kige F8acfivn zone) ¢ inp1is the dertkify oftdlf under room
[0106] The spouted bed height Ls within the reaction
Sraturiescendidions} @andr Lk ds sheHagight @fnthe spoatedobédid For
bed hei ght LsWhx at which a 15 spouted bed is capable
othef sake of) vohnueieffictencyuime ¢o formaamoerer stabld spouted bed, it
limtation provided it is equal to or |less than the
nisxprefierabje forethebladverhimghin the spoutedibrdhéightllsto beset so
cal cul ating the nmaxi mrum spouted bed hei ght Lsf have
tthat the povedat, levek ofthedspontedsbédismat a ligher (paisition tigan the
MAX =dB 0.218+0. 005(pS-PGgdA] . . . (2) 20 dB dA
rop, end 302 rof the tobnlar baffle 305 tAdsq,efnonndhevstandpoint of
of the particles, and_u,,,f is the mninmm . .
tforming£he spouted bedy the opper limit inithe spouted bed height Ls is
pol ynmeri zation reactor 10A according to the gr esent

pretenably sctraithat the pewdsr|lewehof the spoutedsbedus atwanlower
t ' t ub
e};(os?t?gll: otﬁan l1!.hc=:e upper conical baffle 22 which functions as a deflector.

[0106] The spouted bed height Ls within the reaction zone 25b 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 Lsmax. Various formulas for calculating the maximum spouted
bed height Lsmax have been proposed, one of which is formula (2)

below.

LSAMX =£B_ 0.218+0'005(p5'-p6)gd44 . o u (2)
dy d, Pglhittyy

In this formula, u, is the terminal velocity of the particles, and
Upns is the minimum fluidization velocity.
[0107] The olefin polymerization reactor 10A according to the present

embodiment exhibits the following effects. Because the extension tube
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42.40 is connected to the bottomend 30b of the
tubul ar baffle 30, the wupward flow of gas within the
reaction zone 25b is sufficiently stable so that,
even if the gas velocity and the anount of particles
within the treatnent zone fluctuate to sone degree,
the spouted bed 8 can be fully 5 sustained. Al so,
owi nhg to the presence of the extension tube 40,

paby R %Bhﬂe@t%ﬂt 'tc?'tﬁé BégdmDaKa besust &@ef bulfiokaffle 30, the
t nl et shed up by

t hrough e gas | orifice are pu gas

eibWard F16wBH gﬂ Withih the tehb§orh Yo SR Suffitiéntd¥ stable so
the extension Tube 40, and are able to return once

afigith event {fethe @8t vélocA9NandSthe ARMAREASE phipfilRY Stvithin the
because the | ower and upper conical baffles 21 and 22
heatrheap2che fRikihtend scrde direbOtife Foutddbetl8.cdnBe fully

flow of gas wthin the reaction zone 25b is nore

stadthinede napllsslg obviagf oo Mild Presinoe ofvtie Bxdéhsion tube 40,
spouted bed 8. [0109] The spouted bed 8 which is

f pohwrdefint frarti cldwe theat| hande begih tof falll dotwre tidodighnthe gas inlet
pol ynmeri zation reaction 10A enabl es a narrower

perificel are pushedancby igasemerhgifeor belowowithiadhe ¢ubdlar path
than with a fluidized bed. Accordingly, in the

cé0a iofuthesexiendiont tube d, clnef are pbley teretum omew aghirgto the
out polynerization with a plurality of olefin

praagtien zond 25b. reactors 10A arranged in series, for
exanpl e, olefin polymer having an 20 excel | ent
sf01R]uMoreonerf, doedauge cthe loawer endoxpperMtordoakbafflées21 and
the production conditions are to be changed, because

pd2 v respestivieccylindyioaly pertiensi 2dici endt22¢,hthec llavgeof gas
in conditions can be easjly discharged fromthe .
veithin the meaction gone 256 is- ereistable; enzbling the forrhation of a
arises as a result_can be cut to a sufficient degree.
Anose stable spoutadieed8. upper 25 conical baffle 22 to

suppress the scattering of spouted particles, the
10805 T e Spauteshhedes m.chemﬁ),m@cﬁmﬂng thereyfinder 12A of
v IunT ffiq ency to . .

e olefin polymerization reaction 10A enables a narrower particle

residence time distribution to be achieved than with a fluidized bed.
Accordingly, in the continuous production of olefin polymer, by
carrying out polymerization with a plurality of olefin polymerization
reactors 10A arranged in series, for example, olefin polymer having an
excellent structural uniformity can be produced. Moreover, when the
production conditions are to be changed, because polyolefin particles
polymerized prior to the change in conditions can be easily discharged
from the vessel, the amount of off-specification product that arises as a
result can be cut to a sufficient degree. Also, by providing an upper
conical baffle 22 to suppress the scattering of spouted particles, the

freeboard zone can be shortened, enabling a high volume efficiency to
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43 be achi eved. [0110] Second Enbodi ment Pol yolefin
Production System Aside from enpl oying an olefin

pol ynmeri zation reactor 1OBin 5 which a plurality of
spouted beds 8 are fornmed instead of an olefin

pol yneri zation reactor 10A in which a single spouted
bed 8 is fornmed, the polyolefin production system
100B according to the second enbodinent of the

[ [ as a configuration simlar to that of the
po ?gpieﬁbrcpproducti on system 100A of the first

e ’ i ption of the second
e mf(}?]”se&on{f 'IﬁnEBgf}géﬁf

nment given b w deals primarily with those

Elg?ll)le@ﬁn"ll’iidmlc@ioﬁ{%rst%hpm the first enbodiment.

As shown 1 n G 2, the olefin polynerization

r eact or AN ifFomCapASPgPih BEfihplynteripifibs tbhdtor 10B in

ext endi ng cyl i nder X conic baffl es 20

Pl af PMdelit? bh eponted d¥ds18 Fareafiskrhéd Snktddd of an olefin

baffl es 15 (decCreasing dianeter nenbers) 30 provided

it Eﬁlﬁﬁeﬁhﬁiéﬂ'rw@l@ﬁ' 108.in whickcasingle isditedsbeld 8aizdformed,

e tubular baffles 30 are disposed alternately in

ttire apolgolefin eprodictdén t Bestepl | DOBB ktBording sto the second
preferable for the conical baffles 20 and the tubul ar

besnblodémeat tof thie! inventiosphasd padation similhe to ¢hakof the
axis of the cylinder 128. 20 [0112] In the olefin

ppblydefin apreductiorr tsysteiB 1 00A eoff ¢het first emiisedifttent.  The

are formed in a vertical row inside the cylinder 12B.
Edeseriptian ofthe secend émbodimergigiver el owededly primarily with
bottom surface of a tubular baffle 30, the top
sthose featires mehichiffar feoanithe fizst eimbedimentel ow, and
the inside surface of the portion of the cylinder 12B
bkt Md ¢ nAshehwsvnvin FliGu(2Z; rthesoledit pelyserization: igacber 10B is
reaction zone 26 is a region enclosed by the inside
seorhposed primarily ofia) vprtically extending 1238, six conical
the to

baﬁlesp20 provided within the cylinder 12B, and five tubular baffles
(decreasing diameter members) 30 provided inside the cylinder 12B.
The conical baffles 20 and the tubular baffles 30 are disposed alternately
in the axial direction of the cylinder 12B. It is preferable for the
conical baffles 20 and the tubular baffles 30 to all be disposed coaxial
with the center axis of the cylinder 12B.

[0112] In the olefin polymerization reactor 10B, five reaction zones 26
are formed in a vertical row inside the cylinder 12B. Each reaction
zone 26 is a region enclosed by the bottom surface of a tubular baffle
30, the top surface of the tubular baffle 30 directly below, and the inside
surface of the portion of the cylinder 12B between these two tubular
baffles 30. The topmost reaction zone 26 is a region enclosed by the

inside surface of the olefin polymerization reactor 10B at the top
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44 thereof, the inside surface of the tubular baffle

30 directly therebelow, and the inside surface of the

portion of the cylinder 12B therebetween. [0113]

Wthin each reaction zone 26, an ol efin-containi ng gas

flows wupward at a high velocity through an extension

tube 40 forned at a 5 bottom end 30b of the tubul ar

baffl e 30, and out froma gas inlet orifice. This

r ggateds, the idvédé qupfacecsf thie assdlar drdile30 dirktRoOtidrebelow,

spout ed bed of pol yol ef m particles. [0114] Each

cand ¢he insitielsarflei of thenssrtiont efttiecylindemE2B therdbetween.

to that of the conical baffles 21 and 22 according to

t [@1 13]r Withirb edcherdactiondzon® 2Gisan olefirrdontaihing gas flows

portion 20c that extends downward from a peri pheral

edpwarl athe hight velooity thvenmdf anTextensiprm sube o} detmed at a

baffle 20 functions as a deflector for spouted

pbottotre énd 3dh of thestubarlar baffle BO; andrmtfromna gak inlet orifice.

baffle 20 functions as a flow strai ghtener. The

sEhimtesudtsf irf the fanmatadn fn feaichsreaotibnazonen26tafha sponted bed

function as a 15 deflector for the reaction zone 26

dof polyolefinipartictasd as flow straighteners for the

reaction zone 26 directly above. [0115] Four upper,

di4dnEach mealebqfﬂ@v?.&esjcgns@scted mag namnengjmilar to that

each of the four upper tubular baffles 30 wthin the

c9f theiepnicab baifles 21 and 22nacrsndingrte theirstemhodiment, and

in the hottomost fubular baffle 30. 20 The upper ]

db%@o%émélm porntion 20¢ \that extensis: downaardoirom p peripheral
tion zope _ 26 tQ a_J.ower reaction, z

g&g#%febhrﬁggggom thezeebm topErostsgonical obaffle 20
Binetiosh sbna A TeRtni10E n BPOReth GAluPIAt caarsles, qand the
okaGundi B Pl 35, i s, i sehigner. The
S0, PEB S e 30 oo 365 6 b as

deflector for the reaction zone 26 directly below, and as flow

straighteners for the reaction zone 26 directly above.

[0115] Four upper downcomers 35a are provided so as to pass through
each of the four upper tubular baffles 30 within the cylinder 12B, and a
bottom downcomer 35b is provided in the bottommost tubular baffle 30.
The upper downcomers 35a allow polyolefin particles to fall from an
upper reaction zone 26 to a lower reaction zone 26. The purpose of the
bottom downcomer 35b is to remove polyolefin particles from the
bottommost reaction zone 26 and discharge the particles outside of the
cylinder 12B. Two valves V73 and V74 are arranged in series with the
bottom downcomer 35b, enabling polyolefin particles to be discharged

to a subsequent step without releasing gases.
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45 [0116] As shown in FIG 2, a line L35 for feeding an
ol efin-containing gas is connected to a gas feed
nozzl e 61 provided at the base of the olefin

pol yneri zation reactor 10B. The ol efi n-containi ng gas
is fed into the cylinder 12B by neans of a conpressor
68 provided on the line 5 L35. [0117] A gas

di scharging |line L41 for discharging gas that has

riodd6] Asssluewh lin KiGi2)delingZE3 § Sor doediigean todefingamtaining
di scharge nozzle 71 provided at the top of the

cgds isleonheBtedTbe ygastieatd mezzlbeh prdvsddthaydle base of the

rough the gas discharging line L41 has gas-entrai ned

1@le;b'm potymerizatione teddter dfiiRum Theaolefin-contdinyng gas is fed
provi ded cyclone 65, passes through a cooling neans

ainto fthe lciykindend2Bs byympans ofa ¢empressosd&cprovided on the line
gas-liquid separator 66. The gas separated off by this
gla3s!l i qui d separator 66 is introduced through line L35

to line L30 and_ thereby recycled. 15 [0118] A liquid |,
f[@dd7ﬂoAzgas shscharging ding k41l foidisahasging gepathat das risen

the gas-|iquid separator 66 from outside the
clyllSldﬂJIéhe 1c@inden 2B risecowmnected to @ \@as disebargm naggle 71

26 is_provided on the cylinder 12B, ecifically, . as
grovided: at the, top (ofqthe exdaderod2Be 58“165 885t thﬁtebas been

near the bottom epnd of the extensign t provi ded,
‘%H[Bodﬂﬁr gay discharging Hpg anﬁ i@épga%na'gme

to be abletosrayllqw oleflnto rd the pout

maicles agmaye d thenefrota, ycann@m-le ¥ pm:}dpaqeuffelone 65,

Eﬁ%@%d@ﬂ@bigg%&h&ge% suich e, kS oty sBoMA . dhen is

E@:E:olﬁiilipéz Jor h @i qwgfld Senaratlcl L6 ; Oé%%gémr% o5Loff by this
Fl

sclighich Stpatapen 6638 dnboghiged dBE0veh s L35, b fing L30 and

tﬁer%gll'e%%{% ec}.ZB faC| ng the bottom

[0118] A liquid feed nozzle 50 for supplying liquid olefin separated by
the gas-liquid separator 66 from outside the cylinder 12B to the interior
of a given reaction zone 26 is provided on the cylinder 12B.
Specifically, as shown in FIG. 2, a liquid feed nozzle 50 is situated near
the bottom end of the extension tube 40 provided on the second tubular
baffle 30 from the top, so as to be able to spray liquid olefin toward the
spout. A pump 69 and a line L20 are connected to this liquid feed
nozzle 50 for feeding liquefied olefin monomer as needed.

[0119] Also, a plurality of gas discharge nozzles 72 are provided in
portions of the cylinder 12B facing the bottom surfaces of the tubular
baffles 30. Specifically, as shown in FIG. 2, gas discharge nozzles 72
are provided in the portion of the cylinder 12B facing the bottom
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46 surface of the second tubular baffle 30 fromthe

top. These gas discharge nozzles 72 are connected to

line L41 through a line L42. The ampunt of gas

di scharged fromthe gas di scharge nozzles 72 is

controlled on each nozzle 72 by a valve or the |like so

as to be 5 substantially equal to the anmount of gas

that has been supplied fromthe 1liquid feed nozzle 50
andfyepof 1he. sebomie tobelarebafflevdd froquetheedopol Fhese gas
nmononer fromthe liquid feed nozzle 50 has been fed

i diisohate nowklesdd? dRBconhhectedpto fline dl4 ) ehroigly ofline L42.
the gas within the cylinder 12B is kept substantially
cPhetanbunt dfhgay alischaigedi frem ithe. gd9 disdleapel nozzles 72 is
addition, a line L5 is connected to a position on the
codritnolded G Beadhi atozzie N2 hby ahwalveheort therdske tadbudsato be
baffl e 30, and polyolefin particles containing solid
psnhsitaméasllpfeqaaﬁtcethm apwiuntef gas that hasthelenssuppliad fremn the
through this line L5 to the topnpst reaction zone 26.
[quid feed nokeke HOmnstiveponizedr odharefreneven when liquefied
process for producing ?olyolefin usi ng_the productian
sylefinmorgeBen dremathey liquid feed mozzle Xhbesibran fed into the
descri bed. [0122] First, polyolefin particles .
weylinder heBathessupsriicialovgloaisiitof thevgasywpdin the icylindss 12B
activity are formed in the olefin repql ynerizati on
rigdeeps substaatiallyeonstent in ths| ‘gﬂmﬁalz&trﬁghoaat alyst 20
obt ai ned by a, kno met hod. [0123]. Separately frgmth
A8328] Imadditian, de? 1y sonngciedito, apositien o cylinder

bl rabitnissbighef ghinithe Bpuia bplar batle:3Doand polyolefin
optistas Contsiniotz,sad ArHRIeT O Al i PORTRFHAR AT catalyst
(o ol ahronigh s i E53P Hhe Soniogh Beion #oneS: onct or
10131 Polybietin Proddbhich Prodeds oM ot andard

Next, a process for producing polyolefin using the production

system 100B according to the present embodiment is described.

[0122] First, polyolefin particles containing a catalyst component
having polymerization activity are formed in the olefin
prepolymerization reactor 5 using an olefin polymerization catalyst
obtained by a known method.

[0123] Separately from the above, an olefin monomer gas is fed via line
L35 into the olefin polymerization reactor 10B from the gas feed nozzle
61, the pressure is raised to the polymerization pressure, and the interior
of the cylinder 12B is heated. The polymerization pressure, which
may be any pressure within a range at which the olefin is capable of

being present in the reactor as a gas phase, is generally from standard
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47 pressure to 10 MPaQ preferably fromO0.2 to 8 MPa(

and nore preferably fromO0.5 to 5 MPal@. At a

pol ynmeri zation pressure bel ow standard pressure, the
productivity nmay decrease. On the other hand, at a

reacti on pressure above 10 MPaG equi pnent costs for

the reactor 5 nay becone high. The pol ynerization
tenperature varies according to the type of nononer,

t pressutecel 40 WAPaB, pfefetablpr fcbmt OdhdooBhdPaG, and more
factors, although a tenperature below the nelting
ppieferabilyt frenol0ef ito 5 MPaG:r , Adral polytherizatipnapressart below
10C I ower than the nmelting point, is desirable.

Sptanidhid pressurehthet prpductivity may plecteasebl yOhrthe other hand,
120C, 10 nore preferably from 20 to 100C, and even

nat @ neaction giregsurecabor® 10 MG, equipmentr edsts £bt éhe geactor
carry out polynerization in an environment which is .
sagt bacomiel high.eeThe polymenizatiomdemperature vdries according
noi sture ma | ower the polynerization activity of the

plst meo¥momr,y&m. malseylar wieight ©f shepredusk asdsother
oxygen, carbon nonoxi de or carbon_dioxide 15 withjin

t fastors, althaugh aotemperaturenbelpw dhenmgltingpoint of the olefin
pol yneri zatjon activity, [0124] Next, polyolefin, ..
ppekymaen andhprefgrablyaat: least 1§ kntawer ghan thenmelting point, is

Sissiranlel y Nppoiticalho e iemRSIaaIe if Qo fab e Liopm (hind20°C,
125 o Fesdolin 4R 20 shoval ommeeis 12 4o
CUNEn 3t epateible dorArme st el IETiZANSN ife Anchviggpment
vhich it swbarhniey e of MGSHES.  HRS REksence i otstire may
vt inb polyBistiuan Bou ity ot maly Heaiiainecatalyst. ~ Also,
U e8! oF IR Wt oAb S 5P LalAF ovice

within the polymerization reaction system may lower the

polymerization activity.

[0124] 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 12B through a feed line (not
shown) connected to line L5. The polyolefin particles fed into the
cylinder 12B are most often particles which do not contain a catalyst
component having a polymerization activity, although the presence
within the particles of a catalyst component having a polymerization
activity is acceptable.

[0125] When polyolefin particles are fed into the cylinder 12B while

supplying olefin monomer gas from the gas feed nozzle 61, as shown in
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48 FI G 2, a spouted bed of polyolefin particles is
formed within each reaction zone 26. [0126] Once a
spout ed bed has been formed within each reaction zone
26, the polyolefin particles containing a catalyst
conmponent having a 5 polynerization activity that
were fornmed in the olefin prepolynerization reactor 5
are fed fromline L5 into the cylinder 12B at a

CPIG! @)ta rsplotited bed wft pdlyvlefihnpasivies dsmforaietd within each
st eady- stage operation of the olefin polynerization

r fEaction 2ok 26s t he pol yolefin particles grow within
each reaction zone 26, they successively fall through

t [0l 26]pEnckta Spontednbed hasabéent forhed neithin eaclr oeactittn zone

bel ow, and are eventually discharged fromthe bottom
d26n thergrolgolefin] pastitlesconthiring paatalyit componsritnhaving a
mononer - contai ning gas forns a spout and sweeps past,

t pelymetizatien hetivitytthat-wene formadrindhe olefin@repelymerization
diffuses into the portion of the particle bed having
areagtor b aaresfedufrom dine1 £.51 intotthe oylindemkb2B at a constant rate
ol efi n-contai ning gas and the polyolefin partjcles

uperenpl time; ahgngydmmmmang ateaﬁ/mtag@mmratm of the olefin
catal yst within theoHS)oI yolefin particles causes the | .
opehyimenization reactor cH)Beadhs she tpolyplefur particlesugrawgwithin
in growmh of the polyolefin particles. [0128] To form
aem%ablre@capnutzmeb&ﬁ,sthw eamqsw@fy ofalfo&gogsﬁ ithej ypper
20 preferable that the congditions cribed ip the
fgewncemm?réaamt@eﬂi% £eacHoR: Jone. 28 ‘balaw andare eventually

(G ehirsea P oo fovmona et offea. 0100
A5t el Pt of Tecaleti Blendber-paptainiig gas forms a
st A BreBEs RSt S SREACIE BechoHHISHEE TRBRIGRE of the gas
Ici.h is%s cﬂl cI | e rﬂg ion of the %airﬁglse i’.l)\'é& ?faglﬁgh &n annular structure.
In this way, the olefin-containing gas and the polyolefin particles
undergo solid-gas contact and the action of the catalyst within the
polyolefin particles causes the olefin polymerization reaction to
proceed, resulting in growth of the polyolefin particles.

[0128] To form a stable spouted bed 8 in each reaction zone 26, it is
preferable that the conditions described in the first embodiment be
satisfied; i.e., that the conditions relating to the gas superficial velocity
Uy and the spouted bed height Ls be satisfied.

[0129] Liquid olefin monomer may be supplied from the
above-described liquid feed nozzle 50. This enables the olefin

monomer consumed by the polymerization reaction to be replenished.

In addition, when the liquid olefin monomer vaporizes within the
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49 cylinder 12B, heat renoval fromthe polyolefin
particles is also possible owing to the |atent heat

of vaporization. In the plurality of reaction zones

26 within the cylinder 12B, on account of the heat of
reaction, the tenperature of a reaction zone 26 tends

to be higher the further up the 5 reaction zone 26 is

| ocated within the cylinder 12B, resulting in a

t eplindet U2B, dichf esraoeal fionh the palyolefiei paicles ésald. possible
Hence, to equalize the tenperature, liquid olefin
nmowangrto the éateht beat ofovaperiZdtiomr oin dhd plurality of reaction
i nternedi ate stage of the cylinder 12B, thereby ‘
epaies G withirstheeoylindent 2Bdbhfancennt of thé deht bl réaction, the
m nimum 10 [0130] The ol efin polynerization reactor

| teBnperaturdi of) atreactionzensed6 tends ddibehigherhhei firthéreup the
followi ng effects. Because an, extension tube 40 is
craactionedone 26eisbdocatadewdthinbthet cylivder ub2Barresaltinigs in a
30, the wupward flow of gas within the reaction zone
2@mperatire; difierencestwithe lowert reactians ezones fne Hence, to
degree of fluctuation occurs in the gas velocity and
1equalizestheutempgerapine; ligquid olefinimonemer is feddremznezzle 50
the spouted bed can_ be fully sustajned. Al so i

oW n
tpravide aé aansdenediate stagenof the eybiadend2By 611?16’4\/1\;6# gmabling
particles that ve st ar&’gﬂﬂéﬁ fall ,down through the
glhds temperatyre ditierence to (49 aXNIBEBUBKt eri ng from
bel i 1 hi i.he tubul ar ,path 40a t he extensign
tm\ﬁﬂmﬁl ei;pemalyu Iﬂéeu liiéatiqgi Ge3cten ff%éﬁ?‘ﬂ“ﬁﬁg tQIOt?\quresent
reaction zone, 26, [ 01 Mor eoxer, because each .

bafinghf Sttty thestollosyina, gioets: ~ Lesanise A gxtensian tube
f of gas. wthip the reacti 0 26 | r
Qs cortigéted vl e boiORN Fif S0t St cedshu bitalah it 30, the
B8 BB VAl e RS Do ) B iofly sl so
epnabl i n narrower pariiscl e residence fi .
GPEb it fi Ao deereB ot Hichhdtki 8eafiRyin Be gos peplocity and
rét amount o%rp%%gféso%it%fin %S f1:{'ena1;ment zone, the spouted bed can

be fully sustained. Also, owing to the presence of the extension tube
40, polyolefin particles that have started to fall down through the gas
inlet orifice are pushed up by gas entering from below within the tubular
path 40a of the extension tube 40, and are able to return once again to
the reaction zone 26.

[0131] Moreover, because each conical baffle 20 has a cylindrical
portion 20c, the flow of gas within the reaction zone 26 is more stable,
as a result of which a more stable spouted bed is formed.

[0132] In addition, a plurality of spouted beds 8 form within the
cylinder 12B, enabling a narrower particle residence time distribution to

be achieved. Accordingly, in the continuous production of olefin
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50 polyner, olefin polyner having an excell ent
structural uniformty can be produced. Moreover, when
the production conditions are to be changed, because
pol yol efin particles polynerized prior to the change
in conditions can be easily discharged fromthe
vessel, the anmount of 5 off-specification product that
arises as a result can be cut to a sufficient degree.

Abelyméy dlefini golyaner bavimalanbetédllertstructuelpuniformity can

particles fromscattering, the freeboard zone can be

sbe rpmedendﬂbrmve@ whgh the predeétioni eonditionsbare to be
achieved. [0133] Preferred enbodi nents of the present

i charged) bebanse pebolefif pirtictdsypalyabenized pridetaithe change in
However, the invention is not [imted to the above
f comsditiony s dved eastlyddiseharged-dromx tinp | wessely thee amount of
above enbodi ments, no interior nmenbers are nentioned_ |
asffispecificatoon geoduet thait arises asubresalt pan ibesout tof a ishfficient
extensi on tube 40. However, an extension tube that ,
adiegrezonalllso,h by paovidingne wpnigal abafile e2@nto vkeap spouted
15 and extend in the | ongitudinal direction of the
eparticlesofrom tseaamagdthm%uecboard/ zane cao beishorengdy enabling
40a_in the horjzontal direction nay be enployed.
SpbuﬂiwchﬂnﬁﬁﬁﬁGKﬂﬁﬁkﬁ)b& gelieved. t ubes are shown |n

(é FIGSto(c) of FIG (a) of FIG3 to (c
Hi0333] sPesfered: eorkodi n@ﬁn;grg sthealpsasetr pavientaon a av% been

jve

t he t hw se, direg of t he 20 respect
S@ﬁﬁqe%ra hansein dﬁ@lt) aweves, Hispinventien isaehlimited to the

be 4 sh in ( of FI.G 3 hav alatti
sa Jitst R0 S5w00E) eOrROTEnth. { ST EXPEHIBorin: dbe above

wn in .0f FIG 3 have a honeyconb,structure,
Bpagn@'atse 109 T TemBRG 18 AReRBANEREAS DEk, iavided

%?f e Tubila pedh 40 ofAben sategstan i@ﬁ%ﬁ@“"ifowever an

ﬁ%ﬁ%mbe s agBitionbalfy, ¥ etlionRS whitERsdpreh avithin
Ot N extid lﬁleslont Hilinal direction of the extension tube 40 and
which divide the tubular path 40a in the horizontal direction may be
employed. Specific forms of such extension tubes are shown in (a) of
FIG. 3 to (c) of FIG 3. (a) of FIG 3 to (c) of FIG 3 show sectional
diagrams taken perpendicular to the lengthwise direction of the
respective extension tube. The partitions 40b in the extension tube 41
shown in (a) of FIG 3 have a lattice structure, the partitions 40c in the
extension tube 42 shown in (b) of FIG 3 have a honeycomb structure,
and the partitions 40d in the extension tube 43 shown in (c) of FIG 3
have an inscribed circle structure. The latter extension tube 43 has a
structure composed of a plurality of cylindrical tubes arranged in
parallel inside the tubular path. Compared to the other structures, this
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51 has the advantage of being easy to construct.

[0134] The partitions provided in the tubular path of

the extension tube are not limted to the fornms shown

in (a) of FIG3 to (c) of FIG 3. For exanple, they

may have fornms such as those shown in FIGS. 4 and 5. 5
The partitions 40b and 40c shown in (a) of FIG 4 and

(b) of FIG 4 are shaped in such a way that the
ohasithegadvartage ofdeting easie te eonstrucf. t he ext ensi on

tube. The extension tubes 44 and 45 shown in (a) of
Fj0333] The parlitions providadaire thevtnbular path pifithe reixtension tube
menbers which are positioned coaxially within the

t aneunetr lipatad ta thesformashorwnfior(a) of @Iﬁéﬁtﬁq (®mef Ele 3. For

and 40f. [0135] Instead of providing partitions in the
tepample, they may have fermssuehsasothaseshown iasFERSwA and 5.
in FIG 6, a gas inlet portion%beformed

cbhgipartitiops #A)thandi40e shaws indediofFiCath andAba of FIG. 4 are
il e ey b5 5 B o B s e o
(EenSipn, Wb o TR RnSIOn THRES HcalichdORBaR Inle) GFIG: 5
A (o FHCS o haves i D5 BYD o BRIRRA TIPS Vaich are
Ao Sl e o AR S o
rearTitigns 40e e 4DEc Ses- section i s empl oyed. the

St oV et ot RSB A0 of e
AEnsiPar 0, S o n 36 biin g8 S8R WiktioBmay e formed
i cBRiatly? Blache A )il dopehAOG 2L b Emember
R S e LRI 1 2RO, B Pl S BT TR Bt pyichin the
ttﬁgﬁlat.rhﬁ‘éﬂf 30a, an annulus 46a is formed by the outside wall of the
cylindrical member 46 and the inside wall of the extension tube 40.
This arrangement can be used to give the horizontal cross-section of the
tubular path 40a an annular shape. As a result, compared with cases in
which a tubular path having the same cross-sectional surface area as
annulus 46a and having a circular cross-section is employed, the
pushing up effect on particles which have started to fall down through
the gas inlet orifice improves, enabling a further reduction in the amount
of particles that drop down. To suppress turbulence in the gas flow, as
shown in FIG 6, it is preferable for the top side of the cylindrical
member 46 to have a tapered shape. The cylindrical member 46

should be closed at one or more end. A member of this type that is
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52 closed at the bottomend or at both ends may be
used. [0136] The gas inlet portion may have an
arrangenent |i ke that shown in FIG7. As shown in FIG
7, an extension tube 40 has a closing plate 47 which
cl oses the bottomend of the tube, and has a gas inl et
tube 48 5 which has a tubul ar path 48a narrower than
tubul ar path 40a of the extension tube 40 and is

peloved ad tlse battone epdor dttbath@ndshaaylbesusal.pl ate  47.
In addition, a conical baffle 23 is situated directly

opHr3&]hEhe gasemdet ﬁﬁrti(henmshhnban arfaagétmentHilse that shown
coni cal baffle 23 has an outside dianeter that

i icFEGsEs proshewni indF G dhanvextension tuibes4d has a tlosingplate
end, and has 10 a bottomend that is spaced apart from

t 42 winichdzloses the bottom exndeofSthentubiey tandibas Bygas inlet tube 48
enpl oyi ng this arrangenment, the conical baffle 23

sgﬁm hassa stupalarn path f48a nbrowen thamtubylapl path, 40a of the
thereby making it possible to sufficiently prevent,
p@ttcnello@stuhedgﬂ and|is pyovislad sonas tepass thrgaigh theeelosing plate
orifice when the supply of gas, is stopped. Mreover,
t47.ev bm afiditionya conisalibalile 23 isesitated direstly @ver the top end
spouted bed, as shown in FIG 8, it _is referable for
tolethecgascinlebtirtig 4823 Tihis kanical baffle%f ﬁ@&ﬂnmutﬁldﬁ&ameter
23c ,which extends do rd fromthe peripheral edge

dhat H@TQ@SQSOBI@‘QSSWﬁg]égWﬁW@' 13 chosecias therfopyend, and has
portion of the extensiogn tubes 40 tqQ 45 may., 20 have a .,
o b endrthat 1s spac paTisirom dhe éﬂ%lﬂsnwﬂub@fo the Gxtemsion

Sq,lpgo .ﬁgb}ﬂg ﬁéﬁh&”g{ﬁg?@g@ o gr?{gk{ﬁ%lgrgon%aq 3261%623 Bgérves
ol L i B Wk, e
S, RERGAC AR TR Wb e e
BRI e VP I B0l HHGHESVES b Blen further
stabilize the fluid state of the spouted bed, as shown in FIG 8, it is
preferable for the conical baffle 23 to have a cylindrical portion 23c
which extends downward from the peripheral edge at the bottom end
thereof.

[0137] The bottom end portion of the extension tubes 40 to 45 may

have a bellmouth shape. FIG 9 shows an extension tube 49 with a
bottom end portion 40g having a bellmouth shape. By employing an
extension tube having the above-described partitions, an annulus and/or
a bellmouth-shaped bottom end portion, the pushing up effect on
particles which have started to fall down through the gas inlet orifice of
the tubular baffle 30 improves, enabling the amount of particles that
drop down to be further reduced.
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53 [0138] The first enbodi nent descri bed above was
illustrated by a case in which two conical baffles 21

and 22 are disposed for a single spouted bed 8 .

However, the spouted bed device according to the first
enbodi nent of the invention may have only one of these
two conical 5 baffles, or may even have no conica

baffle at all. [0139] In the second enbodi nent of the

| [01S8]i The first @nebodimare deseribeal above svad diustrateditpha case
five Spouted beds are fornmed in the vertical

diny whi¢lo twoecorieakbafiked. 2 Hand 2% are disposed dor afsingle spouted

spouted beds is not limted to five. Fromthe
shexhopoj ntHofwenvelnj d¢hengpouted betlf idevice aucogdinigowo the first
effect, the nunber of spouted beds is preferably at )
| erabodithent ofthe mveationemayahhye anliyeane ofithese two conical
Moreover, the plurality of Zﬁout ed beds need not
neafflesaor hyaypevénhavd nonconical baffleat alli rection.  For
exanple, a plurality of olefin polynerization reactors
1[8439] ceor theng second e embadimamodvihethe nigvandion,r :ayeolefin
in a horizontal 15 direction_and coupled in serjes.
Apelyménization reactoesingvhich Sperspowted beds are formedsin the
preferable to design_ the_vol une of each reactor sttage
averticgbrdirestiomewps| desceibied. parlowavern dhe- npmber of spouted
residence time.in such a wa as to narr,ow, t he ..
rbedsddscrot ilimiteds tei Bei onfrgmy the p¥apdpemtnof achieving a
particles ang to ke the anpunt .of polyolefin
prtigtand mugeaew stlegh timrmm ehgt spouted. beds ip preferably at
repolymeri zation react 5) ,nmore,uniform [0140] .
ﬁ@a@otlhée?, AL TR PR TGO A i | MOBIOVRE b rality of
case i ich liquid olefin js fed to.the secand ., ..
rspg&tcpcgrbe%n@e AResssaryy; be tfog@@ gy ie chgl direction.
wever, the posifio and n er of liquid feed
oo | Skl nip palusaitnopl oAt pohanetzafionn deastges 10A
of polyolefin 2% parti.cl@s to be produced. Fot .
Zeshinis o' theo Hrbfsmbadiinentomianh &F Abpget o @ horizontal
[@g%tgic%{] @121 ngdc’up gdclfalnsekf'lees?qlﬂs'oﬁtq r%&cfc’o?‘rﬁes?&] %nd operation
control, it is preferable to design the volume of each reactor stage and
control the polyolefin particle hold-up or residence time in such a way
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.
[0140] Moreover, the second embodiment was illustrated for a case in
which liquid olefin is fed to the second reaction zone 26 from a liquid
feed nozzle 50. 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 26 can be equalized by some other means, it
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54 may not be necessary to provide a liquid feed
nozzle 50. Alternatively, a liquid feed nozzle 50 nmay
be provided near the gas inlet orifice at each of the
tubul ar baffles 30. [0141] The use of the spouted bed
device of the present invention as an 5 olefin

pol yneri zati on reactor has been illustrated in the
above enbodi mnents. However, the inventive spouted bed

deidyCifot Be Retesdaryitd provided dliRjuid feed woarlepp) | Kltématively,
and”may be enployed in any granular materi al

t 4 tigui@ feed aozaly 30 nidye b provideal seattlrdgdeihletorifice at each

appropriate. For exanple, the spouted bed device of

t dftHentudnilaobafflas 3®, be enpl oyed in ot her chem cal

reactions or in processes such as the drying,

oftdrll)aThe ruserofsthet spouted dfedndewiee of thé/dfesét irfvehtidin as an
Exanple 1 A cylindrical cold nodel reactor nmade of

t olefisp apehtmerizgtiony readtbr c hiasr ittenandlustratséd eimf the above
formng two spouted beds inside the cylinder was

f embi nto eHowaver,t the snaentivey spoutadohedd destee is not
which formin the spouted bed device according to the
pimsted tonthistpamiculds apphicationd andwmnay boe employeddn any
of inverted conical shape with a gas inlet orifice i
t granailar, moateniadf tramtnaentider pathicly thet nse ebmi spputed bed is
baffle (first type of 20 conical baffle); all the |
tappropziater e For sxampley the spouted hedadeviggiofithe inventipn may
the cylinder, [0143] The cylindfical cold nodel
rbeenaployed m other ehemigakreactiomsopr igoprogessengucheas the
gas.inlet orifice at the bo{tomend of each of the two

tAnyingy graauiatien 5 GiniCRPg R ROWERRS 100 mm

BRAMILES. 1 The gas i hl ot ori {166 di ameter A and
tf&fﬂ%%ﬁ&%pki: qsi de di aneter dB was 0. 2.

A cylindrical cold model reactor made of transparent polyvinyl
chloride and capable of forming two spouted beds inside the cylinder
was furnished to evaluate the stability of spouted beds which form in the
spouted bed device 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 baffle (first type of
conical baffle); all the baffles were disposed vertically and coaxially
within the cylinder.

[0143] The cylindrical cold model reactor had an inside diameter dg of
500 mm, and the gas inlet orifice at the bottom end of each of the two
tubular baffles had a diameter ds of 100 mm. Accordingly, in the
present example, the ratio da/dg between the gas inlet orifice diameter

da and the cylinder inside diameter dg was 0.2.
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55 [0144] An extension tube (length, 100 mm inside

di aneter, 100 mm was connected to the bottom end of

the top tubular baffle in such a way that gas was fed
into the treatnent zone by passing through this

extension tube. The device used in this exanple had a

Type A-1 gas 5 inlet portion (see FIGS 10). FIGS. 10

and 11 are schematic cross-sectional diagrans show ng

t 08 48s Aimn b gtenisiuri itobes (lingthe 106vimas insidecddiametéy 100 mm)
exanpl'es of the invention and the conparative
ewasozsectethto thed botodeend dfl ths. topOtudnudar baffteirs such a way

sectional views of the gas inlet portion taken in the
vibiati gad whas efidd dnto athe tieatmieght zoneleby hpassinsg cthirough  this
10 views of the extension tube taken in the horizontal
dextensicontuje) 14The evieagiseddn this|examplenhad anEypethel gas
i nside surfaces of the tubular baffles and the

himlétz gpoetiomnseehF Hmgl ))of iFldEEnail Qoandet Weeare t schematic
outsi de surfaces of the conical baffles and the .
henosgsectionak déiagrants sbewimpdhevgas indet portians lofsthe devices
havi ng an inverted coni cal shape were 15 each provi ded
wised in dberexamplesaof the anvenriionand the comparatiyengxamples.
The conical baffles had an inside dianeter, at the

bbhe deiteside dn BEES nkd) anghbil whosvhsectianaltviews of the gas inlet
interior. [0146] The gas.introduced intqQ the upit was ,
rpetiarctakendn the verticabdirectina, ga§ thamight side shops sestional
DORYIS b ICAEeBEIO begaken thha hoRARagelipertion! o
ST TR e o e SeHi, Febvodh siruioopirhbor te
BB b Bt S e B
el oRaR SRR T coied Sa 2 B p oot v cach
S Tof o Ml BRI bl B fedl a5 were
Réac iﬁll'o%iag Wit raaaio%cré?ﬁ"ér ﬁ'aving an inside diameter of 40 mm.
The conical baffles had an inside diameter at the bottom end of 300 mm,
and were hollow at the interior.

[0146] The gas introduced into the unit was room-temperature air, and
the gas inflow rate was set to 4.7 m’> per minute. The particles used
were polypropylene particles having an average particle size of 900 pm.
The top treatment zone and the bottom treatment zone were each filled
with 30 kg of polypropylene particles, and spouted beds were formed in
the respective treatment zones by feeding in gas at the above-indicated
rate from the gas inlet orifice in the bottom tubular baffle.

[0147] As a result, at a gas inflow rate of 4.7 m*/min, a spouted bed

flow state wherein a spout having a dilute particle concentration near a
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56 center axis and conposed of particles that flow
upward together with the gas is stably forned and
particles drop down at the periphery of the spout in
a noving bed state was observed on the top and the
bottom tubular baffles. Polypropylene particles did
not drop down through the 5 gas inlet orifice. [0148]
When the gas inflow rate was subsequently changed from

%ochter 3k AnHocomPosEd Biparicleethsr flosd upveurd tagether with

was observed on the top ‘and the bottom tubul ar

bkl gasis dtublyaferimed andopaitictés drdpy doony hetiee ﬁeriphery of the

particles was observed to drop down through the gas

| SPorit @ afm@eiﬁ%c}md 3taté ead ebseread oanther oope and thee bottom
bottom treatment zone. [0149] Exanple 2 Aside from
chbodarisaffles. aRolypropyleak yarticldsadie wot diop downrtheargh the
into each of the top and bottom reaction zones to 25

kend imdéwadficef 30 kg, the same procedure was fol | owed

as in Exanple 1 and the 15 fl ow state of pol ypropyl ene
o143 | Wehem thér gasvindlow date Wass subsequentiyr ehanged soin 4.7
As.a result, gt a gas inflowrate of 4.7 nB/mn, a

shifohin tpdi0 H%/mim,oa spoutesh bed flow stdte avas:dbservedeon e top
and the bottom tubul ar baffles. Al so, polypropylene

and ithe dsottbm tubular bafflesynbuth acsmiall amayus ofhpelypopylene
orifice fromthe top treatnment zone to the bottom,
tpartichesnwas ohserved sedrop dewn haeughfthe\gasaindetoerifice from
n8/ mn, although a spouted bed flow state was '
dhedopdreatmentzongjoshe bestam treatment@onezones, a

smal | anount of pol ypropyl ene particles was observed
t[014P) Example Br ough” the gas inlet orifice fromthe

top treatnent, zone, to the bottomtrea;ment 25 zone.

[0?51 |Asidgmfram3changing the amount o poriypropylene particles

packed into each of the top and bottom reaction zones to 25 kg instead

of 30 kg, the same procedure was followed as in Example 1 and the
flow state of polypropylene particles on the tubular baffles was
observed.

[0150] As a result, at a gas inflow rate of 4.7 m’/min, a stable spouted
bed flow state was observed on the top and the bottom tubular baffles.
Also, polypropylene particles did not drop down through the gas inlet
orifice from the top treatment zone to the bottom treatment zone.
However, at a gas inflow rate of 4.0 m*/min, although a spouted bed
flow state was observed in the top and bottom treatment zones, a small
amount of polypropylene particles was observed to drop down through
the gas inlet orifice from the top treatment zone to the bottom treatment
zone.

[0151] Example 3
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57 Aside fromusing conical baffles configured as
descri bed bel ow instead of the conical baffles used
in Exanple 1, the sane procedure was followed as in
Exanple 1, and the flow state of pol ypropyl ene
particles on the tubular baffles was observed. That
is, the conical 5 baffles used in the present exanple
were hollow at the interior, had an outside dianeter

at the pgidofandisihg 209icat bafitéshesh di agldes@tibed below
portion (length, 100 mm outsi de dianmeter, 200 mm '

| iistetR] dif abvet eonicall Baffied usbdcin Exaersle lzl,omwsamfa‘ edure
t he peripheral edge of the bottomend. 10 [0152] a

revas! followegdass imfExample els and 4hé fidbwistatandf pdlypropylene
n8/mn, a spouted bed flow state was observed on the
t partivles tore thet tubmlamtbaffles wasfokservédlso That is, the conical
pol ypr opyl ene particles did not drop down through t he
bzsé{esl wdedbin the préseomexamplepwere diollow at ¢the interiow; had an
bottomtreat ment zone. When the gas inflow rate was
couatsidel diameter. at tigy bottom ehd3 of 2008 g andd hadwayleydindrical
spout ed bed flow state was observed on the tubul ar
bportiars (lengtha il 00ampon outside ofipmespr; | 20@ mm;t inside diameter,
observed to drop down through the gas inlet orifice
f 192 mme) wdichr extendst dowmavard froan the: peripheralt adge of the
zone. [0153] Exanple 4 20 Aside frominstalling top
ab@li@mmﬂn tubul ar baffles having a gas inlet orifice
di aneter dA of 75 mmii n | ace of fEsme baffl e

L) ¢

Ag ajreswlt &t 298 B Gamo {mighangr4.0 m’/min, a
Bl nn ST 5,50 8 o
Bwﬁ%f on' (g Daiugrop e pactices i BaCdfom iy rough the
ST e A P B 1 Bt ens
t UbUI alrWhe:n the gas inflow rate was changed from 4.0 m’/min to 3.3
m’/min, although a spouted bed flow state was observed on the tubular
baffles, a small amount of polypropylene particles was observed to drop
down through the gas inlet orifice from the top treatment zone to the
bottom treatment zone.
[0153] Example 4
Aside from installing top and bottom tubular baffles having a
gas inlet orifice diameter ds of 75 mm in place of tubular baffles having
a diameter dy of 100 mm, evaluations of spouted bed stability were
carried out using a cylindrical cold model reactor of the same
construction as in Example 1. The top gas inlet portion (Type A-2) in
the device used in this example had an extension tube (length, 100 mm;

inside diameter, 75 mm) connected to the bottom end of the tubular
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58 baffle. In this exanple, the ratio dA/ dB bet ween

the gas inlet orifice dianeter dA and the cylinder

i nside diameter dB was 0.15. [0154] As a result, at

gas inflowrates of 4.7 nB/mn and 4.0 nB/mn, a

spouted bed flow state was observed on the top and the
bottom tubular 5 baffles. Al so, polypropylene

particles did not drop down through the gas inlet

dsafflece T chistdiarhple, ttheatationtd ;Zdw detwethetheogaoinlet orifice

treatment zone. \Wen the gas inflow rate was changed

f diametep dgnd theteylihder inBide diangetepdytveals 646.1 | ow

state was observed on the top and bottgm tubul ar i, .
@1154d sAa redrgsulty at @agl ieflovp aatasco£4. Hin'/min amdop. Cdmivimin, a

through 10 the gas inlet orifice fromthe top

tspenited bedzflow state easobsenvedr emthe top andnéhe bottes] tubular
Conparative Exanple 1 Aside frominstalling a tubular
tadfles. wiAlsoypolypropydent particles didnsotedropdowie through the

tubul ar baffle having an extension tube connected

tgas inlet orifice fromatheotep dreatment szpnse tio shavbottem xeatment
carried out using a cylindrical cold nmodel reactgr of

tzones anWhain the gas iinfloxg rate wasrghaaged frem 4@ momin to 3.3
used in this conparative exanple had the Type F-1 gas

i /énm,rﬁJSpO@i@dsng@ﬂvrﬂQ‘ﬁ state was obreswed T thgidop and bottom

introduced in this_conparative exanples wa

20
rtubtHarcbefiles: and polypropydene pagtisles didoot drop wown dhrough
at 4.7 n8/mn,. The particles used were pql ypropyl ene
ﬁ&ctgaﬂ lgemﬁﬁg @mﬁ@rt@@etremmt@wsn&eogom treatment
The top treatnment zone and the bottom treatnment zone
VEHE. each filled with 30 kg of pol ypropyl ene

1005571 Cainparaitve Eatiamlect T om  he gas inlet 25
Cesul ¢ AsToR tng 81uBbisf e wibopkan Srosion tube

"‘1%2%&%3 of the tubular baffle having an extension tube connected thereto,

evaluations of spouted bed stability were carried out using a cylindrical
cold model reactor of the same construction as in Example 1. The
device used in this comparative example had the Type F-1 gas inlet
portion shown in FIG. 11.

[0156] The gas introduced in this comparative examples was
room-temperature air, and the gas inflow rate was set at 4.7 m®/min.
The particles used were polypropylene particles having an average
particle size of 900 pm. The top treatment zone and the bottom
treatment zone were each filled with 30 kg of polypropylene particles,
and gas was supplied at the above-indicated flow rate from the gas inlet
orifice in the bottom tubular bafile.

[0157] As a result, when the amount of polypropylene particles packed
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59 into each treatnment zone was 30 kg, a stable

spouted bed flow rate was observed in the top and

bottom treat ment zones. However, when the anount of

pol ypropyl ene particles packed into each of the top

and bottomtreatnent zones was reduced from 30 kg to

25 kg, 5 polypropyl ene particles in the top treatnent

zone were observed to drop down through the gas inlet
ointbi eazh reatrhéet kori¢ ovast 3@ digrenstablenspouteldr bed €low rate was
several mnutes later, all of the pol ypropyl ene which
hebservednin tiss tep taind bottotn ematment zoneswaddwewer,twhen the
have dropped into the bottomtreatnent zone, naking

t amdumt nef ipolypfopylene upatichesi packedeirtopeadld of the top and
treatnment zone inpossible. [0158] Conparative Exanple
2béttorte treatment ngonedulveas bréduced afrdmeodilcakgbatiof 1 28 kg,
configured as described below in place of the tubul ar
bpélyipropyleme particléwin the top trebtthientzope wars abasiped to drop
3, eval uations of spouted bed stability were 15

cdewine thranghisheggas dplatnarificel infol thexhnstome treatment zone.
the same construction as in Exanple 3'. That _is, in

t Mereoyanasexarak maimtes dates, allupiithe pehprepylensh which had
asi de_fr.om not having an extension tupe, had the sane

cbeen inside dhe dopttreatment; zong avaspnmdsta hgveydrepped into the

anple 3 was wused as, the top tubular baffle. Al soq,
cbattem treanernt Zone imaking e fowmagion of ASPPHied Q@é in the top
had an outsi de di ar{giﬂer at the bottom end of 200 mMm

algaldmentZAnNeHYBOSSIBIA. | ndri cal portion whi ch extends
mr&from .th eri pheral edge of the bottom end
comparatixg; B¥d<«in this conparative exanple

12 A gk b e A Al ST bR Sdntred
P B ibed belgwa bipof the Sublilar thHle' (35pf aRd' fhe' Shical
baffle used in Example 3, evaluations of spouted bed stability were
carried out using a cylindrical cold model reactor of the same
construction as in Example 3. That is, in this comparative example, a
tubular baffle which, aside from not having an extension tube, had the
same construction as the top tubular baffle employed in Example 3 was
used as the top tubular baffle. Also, a conical baffle which was hollow
at the interior, had an outside diameter at the bottom end of 200 mrn,
and did not have a cylindrical portion which extends downward from
the peripheral edge of the bottom end was used. The device used in
this comparative example had the Type F-1 gas inlet portion shown in
FIG 11.
[0159] The gas introduced in this comparative examples was

room-temperature air, and the gas inflow rate was set at 4.0 m’/min.
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60 The particles used were pol ypropyl ene particles

havi ng an average particle size of 900 m The top
treatnment zone and the bottom treatnent zone were

each filled with 25 kg of pol ypropyl ene particles,

and gas was supplied at the above-indicated flow rate
fromthe gas inlet 5 orifice in the bottom tubular

baffle. [0160] As a result, polypropylene particles in

t Thet particlestued weree polgpropliens veatticled!tvidgwan average
through the gas inlet orifice into the bottom

t patidiensize oof. 9001 gan er Theevsp areanmeritegonet and thd bottom
of the polypropyl ene which had been inside the top

t treatrnent zene evevesedchifilletOwith BSeg dxfopylgpropyleniehparticles,
bottom treatment zone, nmaking the formation of a.

sanditead wesisuppliéd at the abewe+smdicated flcwratesfriohe the gas inlet
[0161] Conparative Exanple 3 Aside fromusing the

t afifiicarintithé fhiogtomn dpbulartbadfle. an ext ensi on  t ube

i nstead of the tubular baffle used in Exanple 4,

ef0diafdt Asns result;l podyprapsdene pasticlss| int thewdop treatment zone
out using a cylindrical cold nodel reactor_of the

swiere obaervieddoi dnopedown thxewgh theigas inlebprifice igde the bottom
introduced in this conparative exanples was
riveatnoenipezenar e Moreavier, t 1seveeal imimaesr datervaallseof the
at 4.0 nB/mn._ _The particl]es used were onProperne
ppekypropylengwhich had heengiaside the top tr@agn@a sengowas found

gm _ The top treatnent zone and the bottom treatnent )
Ztenhavie deopped 1nta the battom treatment zosey paalgngethe formation
ggéticles, %gd gss was supplied at the,

a spontad-bed in thetep Hreatmentzongingpessible:  orifice
i téljoeottom tubyl ar baffle. [0163] As a result, a
SIEH pEParalYe JERBp observed on the top 25 and
bottom tupul ar baffles, bu S nmouynt , of .
pol ypr oéﬂ‘éng'o% d-}sl“ilg Itbg_ %&ﬁ%ﬁgﬁiﬁ‘e &Oﬁ’s ‘H#tgﬁ‘l& GRnextension
tthu %uﬂ%téaljcf o%aﬁlel Qllll%la? r’t‘)afﬁl%eugécf Tn Example 4, evaluations of
spouted bed stability were carried out using a cylindrical cold model

reactor of the same construction as in Example 4.

[0162] The gas introduced in this comparative examples was
room-temperature air, and the gas inflow rate was set at 4.0 m’/min.
The particles used were polypropylene particles having an average
particle size of 900 pm. The top treatment zone and the bottom
treatment zone were each filled with 25 kg of polypropylene particles,
and gas was supplied at the above-indicated flow rate from the gas inlet
orifice in the bottom tubular baffle.

[0163] As a result, a spouted bed flow state was observed on the top
and bottom tubular baffles, but a small amount of polypropylene

particles was observed to drop down through the gas inlet orifice from
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61 the top treatnent zone to the bottom treat nment
zone. [0164] The conditions and results for the above
exanpl es of the invention and conparative exanples
are shown below in Tables 1 and 2. Table 1 M MNcV T
caN[~OL7ONQ@Q. QwWTM M MT OO+ y 0O ONNO
NOO u r. ~+TNOt cry K T# Wr y Np .-r pp
QV OONMTN nWd. V Oppb'l' MCOi i wdE

sthe top treatment zone to the bottom treatment zone.
[0164] The conditions and results for the above examples of the

invention and comparative examples are shown below in Tables 1 and 2.
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[0165] Example 5

Aside from employing a gas inlet portion having a type B-1
construction instead of a type A-1 construction, the same procedure was
followed as in Example 1 and the flow state of polypropylene particles

on the tubular baffles was observed. That is, in this example,
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O o0o ~mll Cg U-A oWH o~s~~ aw [0165] Exanple
5 Aside fromenploying a gas inlet portion having a
type B-1 5 construction instead of a type A1
construction, the same procedure was followed as in
Exanple 1 and the flow state of pol ypropyl ene
particles on the tubular baffles was observed. That
is, in this exanple, 63 evaluation was carried out

Usvdlfatioflavas eafried\But OsihgCy devile i;fgbvlﬁ@lﬁ’@&fylhﬁdﬁﬁﬁilﬂember

di ameter, 85 mm inside dianeter, mm) was coaxially

®id idlambeere @ neine) ihside dianefer) 75 Mg Skas coaxially

[0166] As a result, a spouted bed flow state was

obpeived v thé brtérmion fulk(seeq) o RIG§)ar baf fles at

volunetric flow rates of the introduced gas of both

401663/ Alsna aasul4, @ sf?ﬂmt d.beido fiorew apateewas pabserved ondile top
not rop through t gas inlet orifice fromthe top
t arechbottiom tubnelar baffies abeohumetricHome nates ofdhe \itrodtbed gas
gas inflow rate was changejd from 4.0 nB/mnto 3.3
n&f both 4a7 smg;(mmj andd4 0 m/miint e Rodypropydene pasticlasedid not
10 top and bottom tubul ar  baffles, but a small anount
odrapo tyorughy thea gaspinlet orificenfronn ither topd treatmenp zone to the
through the gas inlet orifice fromthe top treatnent
Zbottomotreatment zonet r Sxhenrthezgas inflows rjtecwasshanged from
Aside,.fromenploying a gas inlet portion having a type
B4.9 miAnimtes 8:3io0 Vmin aspeatedobed floppstate was observed on the
construction, the sanme procedure was
top and bottom tubular bafFles, but a small amount of polypropylene
particles was observed to drop through the gas inlet orifice from the top
treatment zone to the bottom treatment zone.
[0167] Example 6
Aside from employing a gas inlet portion having a type B-2
construction instead of a type A-1 construction, the same procedure was
followed as in Example 1 and the flow state of polypropylene particles
on the tubular baffles was observed. That is, in this example,
evaluation was carried out using a device in which a cylindrical member
I (outside diameter, 85 mm; inside diameter, 75 mm) and a cylindrical
member II (outside diameter, 48 mm; inside diameter, 42 mm) were
coaxially mounted in the extension tube (see (b) of FIG. 5). |
[0168] As a result, a spouted bed flow state was observed on the top
and bottom tubular baffles at volumetric flow rates of the introduced gas
of both 4.7 m*/min and 4.0 m*/min. Polypropylene particles did not
drop through the gas inlet orifice from the top treatment zone to the

bottom treatment zone. When the gas inflow rate was changed from
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followed as in Exanple 1 and the flow state of

pol ypropyl ene particles on the tubular baffles was
observed. That is, in this exanple, evaluation was
carried out using a device in which a cylindrica
menber | (outside dianeter, 85 mm inside dianeter,
75 mm) and a cylindrical 20 nenber |1 (outside

di aneter, 48 mm jnside dianeter, 42 mMm) were

c4#xirefthyn 1o 313 en’/iin he bedrflowhstateswas (dbsepved on the
FIG5). [0168] As a result, a spouted bed flow state

vwp ahd botm dubtilee baffles pand polypropylénd particles ided nat drop

volunetric flow rates of the Introduced gas of both

dthtoughrthe gaslindeD onifice fronPdhg topyeatneentazane tee thelibdttom

not 25 drop through the gas inlet orifice fromthe top

t freafimentt Zomme to the bottomtreatnment zone. Wen the

gas inflow rate was changed from 64 4.0 nB/nmn to 3.3
16%], Examplet’ed bed fl ow state was observed on the

top and bottom tubul ar baffles, and pol ypropyl ene

parti cl Asidg dromt employinghaogas intet pegtiom havingiaitype C-1

fromthe top treatnent zone to the hottom treatnent

zeonstrctian sytead afgl rpe Asl genstruetionptheysame proeedure was

inlet portion_having a type C.1 construction instead .

ofolloweq @sAmExample Jcand the flowsdate of polypropylene particles
foll owed_ as i anple 1 and the fl ow state,of
ﬂ@ﬂ}bﬁdﬂ;‘%ﬂiﬁegﬂgﬁ wassobsgrvede (Lhall i 18a§ﬂ$ &xajpple, a test
observed. That Jjs, i.n this examnple, .test .10 S .
cWAs ct%f‘ Hging adevice %erigﬂsl‘@ﬂ ¢alrmembers (outside

B B s Aot B 035 ATt e
i) b 3 R B NS Bame
o0 RS 155 0 A e
Sh leetoya%vcvi gct)&%ﬁlsstages of the device.
[0170] As a result, spouted beds having extremely stable flow states
were observed on the top and bottom tubular baffles at volumetric flow
rates of the introduced gas of both 4.7 m’/min and 4.0 m’/min.
Moreover, polypropylene particles did not drop through the gas inlet
orifice from the top treatinent zone to the bottom treatment zone.
When the gas inflow rate was changed from 4.0 m*/min to 3.3 m’/min, a
spouted bed flow state was observed on the top and bottom tubular
baffles, and polypropylene particles did not drop through the gas inlet
orifice from the top treatment zone to the bottom treatment zone.
[0171] Example 8

Aside from employing a gas inlet poﬁion having a type C-2

construction instead of a type A-1 construction, the same procedure was
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15

wer e observed on the top and bottom tubul ar baffles at
volunetric flow rates of the introduced gas of both

4.7 nB/mn and 4.0 nB/mn. Moreover, polypropylene
particles did not drop through the gas inlet orifice
fromthe top treatnment zone to the bottom treatnent

zone. 20 When the gas inflow rate was changed from4.0
n8/mn to 3.3 nB/mn, a spouted bed flow state was
ofedywed asrint Bratnpyle dnané ahe dlowustateaol pb&y]ii;ﬂq:gdem garticles
pol ypropyl ene particles did not drop through the gas

ionk ethe aublilare Bafflest weast @bsereed.nenThabris, tin tthis example,
bottomtreatment zone. [0171] Exanple 8 25 Aside from
evdloglion wagasarmédtoytonsingn dadevige aint wokich- 81 cylindrical
construction instead of a type A-1 construction, the
sasmbers c folutsidenatiameert, ol 0 onm; cinside Eliamgsiter, 17amim) were
the flow state of polypropylene particles on the

tinstalled hnsidee thevaextensiony dube.Thdn addition,t eykndrical baffles
exanpl e, evaluation was carried out using a device, in
Viteving il ges linledrorifice withisediameter def dﬁ%nmm rwerepinstalled
mm inside djianmeter, 7 mq) were, 5 installed inside the
datthadpprand bettomstages of e deyigeadri cal baffl es

havi nﬁ a gas inlet orifice with_ a dianeter dg\aﬁf 50

1R7R] AB i rasuléd spowtedn beds having peetremely stahle cHown states
Sxerecabsgrvedan the fo a5 detom kel baMeTvoReetrispflow
Taiase off thncintredusedt aasgas bothofr 4Py A 0 ajmin
Sl T ogIBoe Busl B o i T B
ek b G0 TR0 iy SR et rome.
JER G5 B IOV s Shamech B T I 1,33 gifmin,
o) X%S%&f stanié Irs.tpioi(.:llteedS b3 T stdle Ral Bh3eAed on the top and
bottom tubular baffles, and polypropylene particles did not drop through
the gas inlet orifice from the top treatment zone to the bottom treatment

zone,
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the gas inlet orifice fromthe top treatnent zone to
the bottomtreatnment zone. 66 Table 3 O0N Ni ~y O
ONNONO~"" Q N oy OONOO NOOOQONOO
-i O ~00mMOOv~00Il Nt~gNsowo ~~t~q ~C
+~~t et MC w0OO0OO0OO oa~UU~""~F .b ~NN~ .pV
U~ OVWE~ 0~.~0 a [0173] Exanple 9 Aside from enpl oyi ng
a gas inlet portion having a type CG3 5 construction
i Tighhled®! of a type A-1 construction, the sane procedure
was followed as in Exanple 1 and the flow state of

pol ypropyl eng parfgicres
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[0173] Example 9
Aside from employing a gas inlet portion having a type C-3
construction instead of a type A-1 construction, the same procedure was

followed as in Example 1 and the flow state of polypropylene particles
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67 on the tubul ar baffles was observed. That is, in

this exanple, evaluation was carried out using a-

device in which 128 cylindrical nenbers (outside
dianeter, 10 mm inside dianeter, 7 mMm) were

installed inside the extension tube. In addition,
cylindrical baffles 5 having a gas inlet orifice with

a dianeter dA of 125 mmwere installed in the top and
ber t the stubader Bafflee deis wbser®dd4] That isgsinl tthis example,
spout ed beds having extrenely stable flow states were
obgdontonowashearrizl oud Gsingoa debideain bwhidlesl28 cylindrical
volunetric flow rates of the introduced gas of both
4meénitiérsi (outsitled.dian@ted, n10 Lihrbr esude , dipndeter, oy hemg were
particles did not drop through the gas inlet orifice
finstallewe ihsidet teatemensioanéube. t An bddition,t cyhindrical baffles
zone. \Wen the gas inflowrate was changed from4.0
ridving a gas ifAletRinfice with sediameteryd,s 0fd256 syouwere installed
flow state was observed on the top and bottom tubul ar

tiaif thedop andibpsoypstages efi¢hedevied.es di d not drop

through 15 the gas inlet orifice fromthe_ top

tfi0d a aasult o speatedobedshaving nestiremelin stable1flew states
Exanpl e 10 Asi de from enpl oyi ng was i nl et tporti on
haerergbsemvgdeortthie top sad, beftomntubidarbafllgs at volwmetric flow

S s 5 o o 0 i
s b G ki 68 s B e
s Bt 0 S 5o 5 Bk St on.
Wheritecens loweEiio svas ohaged Jeun; 4,Daf it fe 3.3, min,
??é}d%%%é{eeig gﬁatgfp séﬁgtﬁbéﬁﬁo&”ﬁé% \lav%g obisgr\trgcf onhe %BS and
bottom tubular baffles, and polypropylene particles did not drop through
the gas inlet orifice from the top treatment zone to the bottom treatment

Zone.
[0175] Example 10

Aside from employing a gas inlet portion having a type C-4
construction instead of a type A-1 construction, the same procedure was
followed as in Example 1 and the flow state of polypropylene particles
on the tubular baffles was observed. That is, in this example,
evaluation was carried out using a device in which 185 cylindrical
members (outside diameter, 10 mm; inside diameter, 7 mm) were
installed inside the extension tube. In addition, cylindrical baffles
having a gas inlet orifice with a diameter ds of 150 mm were installed

in the top and bottom stages of the device.
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68 [0176] As a result, spouted beds having extrenely
stable flow states were observed on the top and
bottom t ubul ar baffles at volunetric flow rates of

the introduced gas of both 4.7 nB/mn and 4.0 nB/ mn.

Mor eover, pol ypropyl ene particles did not drop through

the gas inlet 5 orifice fromthe top treatnent zone to

the bottomtreatnment zone. Wen the gas inflow rate

Vil 78]eAges fesalt) 4pBuféd] BedstBaving 8R(réinely stble flow states
extrenely stabl e spouted bed flow state was observed

oWetd dbseryeden thé?tb?'ﬁﬂdlbdttam bathilae baffles at volumetric flow
pol ypropyl ene particles did not drop through the gas

| fited OF itheCénfroducddiegaorof rasthme? aohRin canded.0 m’/min.
bottomtreatnment 10 zone. [0177] Exanple 11 Aside

f Mureewpt, opolyprepyglenei ?hﬁiclw rdidonohdyrop gheotighheth® gas inlet
construction instead of a type A-1 construction, the
serificpr fiomdutle wep tréatthentdme ito theahutiom tredtrnbat zone.
fl ow state of polypropyl ene particles 15 gn t he 3

t Whermthe ghs linf owaratebwas chdnggt dtroms4.0 m’fihirs to 3.3 m’/min,
exanple, evaluation was carried out using a device in

vim eRtrenmlyi stablecspoutedibed flouvustateliwasi abserved onlthentgp and
closed at the top end was installed inside the

cbotéomi mbulatbbaffles, addipalypropylena partiales idhid o <irop through
having a gas inlet orifice with a dianmeter dA of 150
nihevgascinletsorifice from thectopoireatientzonsta the botiges tugatment
the device. [0178] As a result, a spouted bed flow

sZene: was observed on the top and bottom tubul ar

baf fl es at volunetric flow rates of the introduced gas

017 RExampl@ddi n and 4.0 nB/nin. Moreover,
Rt i, s i poe B e
s Earph ) SoSian, b ey e vas
ftlo(flvtvwgé tag iﬁaﬁxgr%fer ee‘tjlnd the flow state of polypropylene particies
on the tubular baffles was observed. That is, in this example,
evaluation was carried out using a device in which a cylindrical member
(outside diameter, 110 mm) closed at the top end was installed inside the
extension tube. In addition, cylindrical baffles having a gas inlet
orifice with a diameter dy of 150 mm were installed in the top and
bottom stages of the device.

[0178] As a result, a spouted bed flow state was observed on the top
and bottom tubular baffles at volumetric flow rates of the introduced gas
of both 4.7 m*/min and 4.0 m*min. Moreover, polypropylene particles
did not drop through the gas inlet orifice from the top treatment zone to
the bottom treatment zone. When the gas inflow rate was changed

from 4.0 m*/min to 3.3 m3/min, a spouted bed flow state was observed
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69 on the top and bottom tubul ar baffles, and

pol ypropyl ene particles did not drop through the gas
inlet orifice fromthe top treatnment zone to the
bottomtreatment zone. [0179] Exanple 12 5 Aside from
enpl oying a gas inlet portion having a type E
construction instead of a type A-1 construction, the
same procedure was followed as in Exanple 1 and the

f bavihettepeand bivttom rtebulanbaffies, igidepolyprophiera putticles did

baf fl es was observed. That is, in this exanple, a test

vast desps telotg huthiengasairtley brificedfronptise top treatraent eohe to the
baffl e (second 10 type of conical baffle) having a

Chbitony treaimeay zorg) (out si de di aneter, 125 mm), a
closing plate and a gas inlet tube (inside dianeter,

70179} Ekampl€llG 7). In addition, cylindrical baffles
having a gas inlet orifice wth a dianeter dA of 150

nm wer eAistde drdmd enmploying op gasl ihlett portion depsdngf at bgpe E
devi ce. 15 |01832L As a result, a spouted bed flow
SCENSATIELIOM of artypkeA+ b ponstmiction.; the samhe iprocedure was
baffl es at volunetric flow rates of the introduced gas

ofollwwed as7innBxainpleddand shedlomvrstatebe £ polirpropylene particles

pol ypropyl ene particles _did not drop, through the gas
iometﬁeom%ualambaﬁlﬂa was obsenvedat nihat ispin this example, a test

B%tata %{d&%?éém oxg:ngf a géwi@eﬁgqéi%e aMLLsgvrércglto batilel (second
e of o ot RGP Y et
CE5 ee; 3 HlpsingPipie andch gaminlet duhe Ainside diaingter, 77 mm)
3eRiHICE ). drnaddition, Gy lindeioal e Mhog adeh g orifice
B RPkkeae, o OBReko (e Bart! £L55 3 % WRE 4 BndBitom
stages of the device.

[0180] As a result, a spouted bed flow state was observed on the top
and bottom tubular baffles at volumetric flow rates of the introduced gas
of both 4.7 m*/min and 4.0 m*/min. Moreover, polypropylene particles
did not drop through the gas inlet orifice from the top treatment zone to
the bottom treatment zone. When the gas inflow rate was changed
from 4.0 m*/min to 3.3 m*/min, a spouted bed flow state was observed
on the top and bottom tubular baffles, and polypropylene particles did
not drop through the gas inlet orifice from the top treatment zone to the
bottom treatment zone. In addition, the gas inflow rate was changed
from 3.3 m*min to 0.0 m*min. In this example, even when gas

supply was stopped, the particles did not drop down through the gas

inlet orifice.
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(0181] Example 13 In Exanple 13, a polyolefin
production process having a step 5 (Polynerization
Step I'l) in which propyl ene honopol ynerization is 71
performed using a spouted bed-type reactor was carried
OThble Akasurenent and eval uati on of the pol yner
properties in this exanple 13 were carried as
described below [0182] (i) Intrinsic Viscosity
(units: dlleg) |5 |Three different sapmp|es were prepared

by di ssol iglga|t he ol ynmer| i n

1,2, 3,4-tet§-‘§@rg@ it fal @ Kol 8pf g 8| predet er mi ned
&
L)
o o A =l
g%gs S| 2| 2 (%88 8!
¥
23
=
OSO ~r o
— 7]
§§3: o 8| 2 |&(8 88"
i
=)
&3
2|00 @ = :
gggo": 9] & | S |Q|8|8[8!
A

icles packed (kg)

Gas inflow rate, 4.7 m’/min

Gas inflow rate, 4.0 m°/min
Gas inflow rate, 0.0 m>/min

fall-back | Gas inflow rate, 3.3 m°*/min

Tubular portion at bottom end of first type

of conical baffle
Outside diameter of first type of conical

Diameter of circle of same surface area as
baffle (mm)

Construction of gas inlet portion
orifice (mm)

Orifice diameter (mm)
Extension tube below orifice

Amount of

Particle

[0181] Example 13
In Example 13, a polyolefin production process having a step

5 (Polymerization Step II) in which propylene homopolymerization is
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concentrations. The pol ymer concentrations of the
respective sanples were set to 0.1 g/dl, 0.2 g/dl and
0.5 g/dl. The reduced viscosities of these sanples
were neasured at a tenperature of 135C using an 10
Ubbel ohde vi sconmeter. In accordance with the nethod of
cal cul ation described on page 491 of Kobunshi yoek

[ Pol ymer solutions], which is volunme 11 of Kobunsh

iﬁ)&'f@ﬁﬁé&u bdmpera mepbatechobgdeypecireactdr “h882carried out.
y

oritsu Shuppan), the reduced viscosity was plotted
VM &isaréhent aadcaniluationof mdpcbl)memﬁmpm'tmswhsutm exgmple

was determ ned by 15 extrapolating the concentration

t 03 zesre. cdrfied3ds ddscyibed betew. zat i on Activities in
Respective Pol ynerization Steps (units: gig) The

Dﬁ)l}&ﬁir(i)imh‘insiawswgit}e@nﬁm:e dHgyul at ed by dividing
the weight (g) of polynmer produced in each . .

pol yner Thede odiffdrept bgamipdes >werei prepargyl &y t dissebiing the
cat al yst conponent fed to that polynerization step.

[ palRnerPrinp ol 234 tetrahydronaphthalenes tsel venss 4os tpredetermined
autocl ave_equi pped with a stirrer was charged w th
lcdndendfations: ouﬁm palpmet rcansentmations of thestesperidxesemples
25 37.5 mmol of triethylalumnumand 3.75 mol _of ..
cwetrosekio & hyw/dl, 2 andafe ghdl. « ke waduerdiascosities of
of a solid 72 catalyst conmponent, fo"°“&§?1§P5§p 15
gthese psaspplasn svergs measured @u gl {emparature, gp iUsNg an
of about_ 30, m nutes while holding the. tenperatuge .
wbbelohde: viscopastete as@@ulanf@d\’l ﬂ?eeg}etgaartyf gglculation
out repol ynmeri zat i _The prepogl, ization slucry., . .
e on pagecdd Lol QW’@M@?‘E%%%Mi frbyich is
aut ocl ave aof SUS 316L stainless . steel and 100 L.
oolore o 150 Kbt oLbeaneaine LEpegaerial 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.

[0183] (ii) Polymerization Activities in Respective Polymerization
Steps (units: g/g)

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

[0184] Prepolymerization

A 3-liter stainless steel autoclave equipped with a stirrer was
charged with 1.5 L of thoroughly dehydrated and deacrated n-hexane,
375 mmol of triethylaluminum and 3.75 mmol of

cyclohexylethyldimethoxysilane. To this was added 15 g of a solid
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prepol yneri zation catal yst conponent slurry. The solid
catal yst conponent used was one prepared by the sane
nmet hod as that described in Exanples 4(1) and (2) of
Japanese Patent Application Laid-open No. 10
2004-182981. [0185] Polynerization Step | (propyl ene
honmopol yneri zation with bul k polynerization reactor)
Propyl ene honopol yneri zati on was carried out using a

statalydt- sbthpbaent, 4 FolldwingBesddtht Vise §U| &f pro?ylene was
pol yrieri zati on reactor nmade 15 of SUS 304 stainl ess
steatinudidyredyitrovered periodesfabomt 3@ snizautes evhitsiholding the
whi |l e continuously feeding propyl ene, hydrogen,

t terepératadel within thes notodigvy latt dbhyouti 102Cpxhetebyneanying out
t he prepol yneri zation catal yst conmponent slurry into

tgtbgcﬂyﬁieﬁzatiﬂm r'Ehe tprepobaneliizatios sheny was then Itrassferred
2 ol yneri zation tenperature: 70C Stirring speed: ]

160 ar ptirrei-gquipped di50-litereautoctavesmade RfoSISe3d lesthinless
rate: 16 kg/'h Hydrogen feed rate: 137 NL/h 25 .
Tsteel hamdl UOON I 6Eelquid ebutae0 wam| ddded, thereby giving a
Cycl ohexyl et hyl di met hoxysi |l ane feed rate: 5.3 muol/h

7prepodpmieyimationat catalysat abmponentpshuny. s| They sodisll catalyst

rate (polynerization catalyst conponent basis): 0.602,

gédmpongnt nsedwasnome peepared by, thenfaang geethodmscthat described

[0186] In this reactor, the slurry had a, nmean .

r ssEtampdes i) and 2y of Japanese Patemt sipplieasign &:séd-open No.

particles were discharged at a rate of 5.25 kg/h. The

pdl l.on activity in this polynerization step

was 8,730 g/g., . o e .
[0185] Polymerization Step I (propylene homopolymerization with bulk
polymerization reactor)

Propylene homopolymerization was carried out using a
stirrer-equipped, 42-liter Bessel-type bulk polymerization reactor made
of SUS 304 stainless steel. The polymerization reaction was 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: 30L

Propylene feed rate: 16 kg/h

Hydrogen feed rate: 137 NL/h
Triethylaluminum feed rate: 36.0 mmol/h

Cyclohexylethyldimethoxysilane feed rate: 5.3 mmol/h
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The pol ypropyl ene particles obtained had an intrinsic
viscosity of 0.90 dl/g. [0187] Polynerization Step |
(propyl ene honopol yneri zation by 10 spouted bed
react or (gas-phase polynerization)) A spouted bed-type
reactor having two reaction zones in the vertica
direction (1,440-liter capacity; inside dianeter, 500
mm was furnished for use. The tubul ar baffles and
CPprepelyniai Zdthen vatalysPoemponedt aludrgsfeed! £k (palymerization
t he "Japanese Industrial Standard (JIS) 15 designation
cotiponent basigr 0.602eh by buffing to a grit
size of 300), and the nmaterial naking up the rest of
tPelymeﬁ!zatiowq&e@ﬂﬁres164.2(1WPU”(gS.UEE2;JIESSLfIEDIi shed by
buffing to a grit size of 300). This reactor was
cf0b86]t bd thiy resctohetlse Shary chdd @ diewarl residencedime of 0.79
wth stirrer. That is, the stirrer and gas di spersion
phate anid polypropylenegarticleseweredisthavged at alrate ofif.25 kg/h.
and, in their place, conbinations of a tubular baffle :
afle palynuerizatedr lactivityein this gidlyrhertzation stepawasa®730 g/g.
of two stages in the vertical direction, The tubular
bZhe | palyprepylene qarticlds obtained hadear intrinkic hdseosity of 0.90
shapes and sizes as those used in Exanple 4. [0188]
Tékgabove- descri bed spout ed bed-type reactor had an

25 ejector-based transferring nmeans. This transferring
nBHﬂi-Z] Rolymeniaatione Stepedl t %Dmpérlmeer hpmopalymerization by
particles fromthe upper reaction 74 zone to the

| sparted bediregatardgas-phase padymerizationd) e renovi ng t ube
wth an on-off %alve, an ejector,and a partjcle

f eedi ngAl spRUtedpbedvi¥pe reactarohaving twiee reagtion Zongg in the
DeartiophalReRion L AA0% Bl apRs d Gaside diaperen DAY TE) was
b o ) T DA 2Rle 454 205t were mad
qu%j h%éﬂﬁeéseaggegi ' h!a,\r}intghi ﬁlemydpa%eg Oﬁggsu‘bi%? Yandard (JIS)
designation SUS 304 (with surfaces finished by buffing to a grit size of
300), and the material making up the rest of the reactor was SUS 316
(with surfaces finished by buffing to a grit size of 300). This reactor
was converted for use here from a fluidized bed reactor with stirrer.
That is, the stirrer and gas dispersion plate within the original reactor
were taken out and, in their place, combinations of a tubular baffle and
conical baffle were installed coaxially at each of two stages in the
vertical direction. The tubular baffles and conical baffles used here
had the same shapes and sizes as those used in Example 4.
[0188] The above-described spouted bed-type reactor had an
ejector-based transferring means. This transferring means, which was

designed to transfer polypropylene particles from the upper reaction
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in each of the top and bottom reaction zones, in
addition to which propyl ene honopol yneri zati on was
carried out while purging excess gas to keep the
pressure constant. The reaction conditions were as 10
follows. Polynerization tenperature: 80C

Pol ynmeri zation pressure: 1.8 MPa (gauge pressure)
Circulating gas flowrate: 120 nB8/h Propyl ene feed

r%bﬁe tacthEQbWe}f’reHEﬁbﬁ%hé eeeludedes & fmdbving tube with
Pol ypropyl ene particle hol d- up: 57 kg (top stage, 2

Kah GRlofPRIalvé,aae ejéctop and) a pLtitld feadinki IinéeaM@feover, 10

t he polypropylene partlcles had a mean rési dence

okoB.%% bP4hE. cﬂ&ﬂaﬁﬁgcgﬁﬁdsa(gasesf@tsbha@edt ﬁ%rﬂa@ﬁstop of the
wi thin the reactor 0~ (hydrogen/ (hydrogen +

PEpdiedtrad-type réddttar)werdfedbaga tgas foplopeeating thé ejettor.

di'scharge rate was 14.6 kg/h. The pol ynerization

Ewlw]t Propylenki emcbhty enz wtere contiemomsby fé&d finghe . bottom
e pol ypropyl ene particle obtai ned had an intrinsic

voftuss dpcrutefd Bed-typiei geactor. V\V-EnTﬂh§ vaiy)laipouted bied was formed

spout ed bed device conprising: a vertically extending
ci ieadhr of eheetoreasidh otionnateactionmhenesyhire ddstiénrtoesvhich
on the 5 cylinder, has an inside dianeter that

dpropdens lnmmgrpei;ﬁmmlzatldnv\mr carriezh dubawhile gpurging eexcess

B ockeep dbedprsaaral constansn Thge reactiors copdilions overe as
2%‘;&_ ns: The spouted bed device of claim1l1, further
Polymerization temperature: 80°C
Polymerization pressure: 1.8 MPa (gauge pressure)
Circulating gas flow rate: 120 m*/h
Propylene feed rate: 20 kg/h
Hydrogen feed rate: 1,000 NL/h |
Polypropylene particle hold-up: 57 kg (top stage, 28.5 kg; bottom
stage, 28.5 kg). _
[0190] In this reactor, the polypropylene particles had a mean residence
time of 3.9 hours, the concentration ratio of the gases within the reactor
(hydrogen/thydrogen + propylene)) was 10.2 mol %, and the polymer
particle discharge rate was 14.6 kg/h. The polymerization activity in
this polymerization step was 15,500 g/g. The polypropylene particles
obtained had an intrinsic viscosity of 0.91 dl/g.
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10 a conical baffle of a first type which has an

out si de dianeter that 1increases progressively

downward, is closed at a top end thereof, and has a

bottomend that is spaced apart froman inside wall of

the cylinder, wherein the conical baffle of the first

type is disposed at a position which is bel ow and

opposite a bottomend of the tubular 15 portion. 3.

TREHADIS @LAINMEPVIS:e of claim 2, further conprising:

a second conical baffle of the first type which has an

out si del di ameAegpoutbdtbedrdevies eonpprisingssi vel y

downward, is closed at a top end thereof, and has a

bott om end t hatverticalbpertembng icylinaeran i nsi de wal | of

the 20 cylinder, wherein the second conical baffle of

the first typa decreaiingadiathetbnmember gahichhisformed on the

orifice. 4. The spouted bed device of claim3, wherein

eylinder, bak antiasidedismetes that decregses progtessivelddownward,

above the gas inlet orifice and al so 25 above a

parwtibas Begas indét erifipo at adbditamfendhthereof;tamd spout ed

bed device. 76 5. The spouted bed device of any one

of cl ai anfubulag portionhwhich extendsodowaiwargs from en edge of the

first type has a cylindrical portion which extends
elorifiem a peri pheral edge at the bottom end

thereof, 5 6. The spouted, bed, devjce. of_ apy .one of |,

clai ns 4 t o 5Thegpentadbed devigaobelaiay 1, distharqomaprising:

conpri,ses_a _partjtion which orizontally diyvides the

ramanieal, baftle ef & Airst; type ewhiehy( 8B Outside e&@m@ﬁy that

one of clainms 1,tq 5, further, c risin
increases progressively downward, is ¢ osed at agtop end thereof, and

has a bottom end that is spaced apart from an inside wall of the cylinder,
wherein the conical baffle of the first type is disposed at
a position which is below and opposite a bottom end of the tubular
portion.
3. The spouted bed device of claim 2, further comprising:
a second conical baffle of the first type which has an outside diameter
that increases progressively downward, is closed at a top end thereof,
and has a bottom end that is spaced apart from an inside wall of the
cylinder,
wherein the second conical baffle of the first type is
disposed above the gas inlet orifice.
4. The spouted bed device of claim 3, wherein the conical
baffle of the first type is disposed above the gas inlet orifice and also
above a powder level of a spouted bed formed in the spouted bed

device.
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10 a cylindrical nmenmber which is disposed inside the
tubul ar portion and at |east one end of which is

cl osed, wherein the tubular path up to the gas inlet
orifice has an annulus defined by an outside wall of
the cylindrical nmenber and an inside wall of the
tubul ar portion. 15 8. The spouted bed device of any
one of claims 1 to 5, further conprising: a closed

pl ate wli ch clfdgespautedt bed @ovice! of hmyt vhel 8f claims 2 to 4,

portion; a gas inlet tube which has a fubul ar path

t erein e reoMical Baffl@at tihe firgbuype had la eblihdeical portion

tubul ar portion and which is disposed so as to pass

t Widolh hetteads | dewnovaptafrem ad peaiplasral Adgeaht lthe dbottom end

second type which has an outside dianeter that

i thereafies progressively downward, is closed at a top

end thereof, and has a bottomend that is spaced

apart f6om anThesspeutedl bedfdevibet df anyboheropotdiimm,l to 5,

wherein the conical baffle of the second type is

divdiereied the7 tubutati gortipnatfuwther toomprisesofat partitasn which

inlet tube. 9. The spouted bed device of claimS8,

vherizontalhedivides the tulndat pathf thereinsecond type has a

cylindrical portion which extends downward from a

peri phe7al edfbeaspautedboed cdevice athanyodne fiolaimsel to 5,

spout ed bed device of any one of clains 1 to 9,
meamprisumgll ar portion further has a

bel | nmout h- shaped bottomend. 11. The spouted bed ,

deeybindsicabmensher whichds gisposed ingidaothsr tubuday portion and at

plurality of copbinations_of the cylinder, the

diesstone ggd of whiaheis ¢lesedr and the tubul ar porti on.
wherein the tubular path up to the gas inlet orifice has an

annulus defined by an outside wall of the cylindrical member and an
inside wall of the tubular portion. |

8. The spouted bed device of any one of claims 1 to 5,
further comprising:

a closed plate which closes a bottom end of the tubular
portion,

a gas inlet tube which has a tubular path that is narrower
than the tubular path of the tubular portion and which is disposed so as
to pass through the closing plate; and

a conical baffle of a second type which has an outside
diameter that increases progressively downward, is closed at a top end
thereof, and has a bottom end that is spaced apart from an inside wall of
the tubular portion,

wherein the conical baffle of the second type is disposed
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10 12. The spouted bed device of claim1l, wherein the
conbi nations of the cylinder, the decreasing dianeter
menber and the tubular portion are arrayed in a
vertical direction. 13. A polyolefin production
process which conprises carrying out olefin

pol yneri zati on by using the spouted bed device of 15
any one of claims 1 to 12 to forma spouted bed of

pizhit@difiely aboved top erid of the gay dhlet ittib@r oduct i on

system conprising: an olefin pre-reactor which
pol ymer9zes ollakigpouted bed deeiencf chiinn8, evltdrein the conical

pol ynmeri zation catal yst to form polyolefm particles;

apafffR0 afh¢he psecond ligpe deas ce oflimdricalnposfion| whish lextends

to 12 which is connected as a subsequent stage to the

od @wmward- frenra periphtralledge gothef bottpmoehd thereofir ocess
bol yrrer 18t | cfhasspaited doqbidastiot rof prpdent tafhclajtseih to 9,
O:vhgr:ilnr?hédtr:hbz?ar portion further has a bellmouth-shaped bottom end.

11.  The spouted bed device of any one of claims 1 to 10
comprising a plurality of combinations of the cylinder, the decreasing
diameter member and the tubular portion.

12. The spouted bed device of claim 11, wherein the
combinations of the cylinder, the decreasing diameter member and the
tubular portion are arrayed in a vertical direction.

13. A polyolefin production process which comprises
carrying out olefin polymerization by using the spouted bed device of
any one of claims 1 to 12 to form a spouted bed of polyolefin particles.

14. A polyolefin production system comprising: |

an olefin pre-reactor which polymerizes olefin in the
presence of an olefin polymerization catalyst to form polyolefin
particles; and

the spouted bed device of any one of claims 1 to 12
which is connected as a subsequent stage to the olefin pre-reactor.

15. A polyolefin production process which comprises
carrying out multistage olefin polymerization using the polyolefin

production system of claim 14.
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