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TI TLE OF THE | NVENTI ON SPOUTED BED DEVI CE AND
POLYCLEFI N PRODUCTI ON PROCESS USI NG THE SAME _
BACKGROUND OF THE INVENTION 5 Field of the Invention
[ 0001] The present invention relates to a spouted bed
device, and to a process for producing polyolefins
such as pol yethyl ene and pol ypropyl ene using such a
devi ce. Rel ated Background Art 10 [0002] Spouted bed

deyTE g O TRRVR gReuted bed have the advantage
thm—??l—rg%—mp'a'r‘t‘r‘cp;g——ev, en relatively large

p 'Eﬁﬁﬁ?SQ%E I ' Fﬂeggmgi [ AREN T PROTSUST
egg’gsi vel y |]gjﬁ ]gDaE]sV\k/d'e: oclty fo?(ﬂﬂzglg"fzati oni1n a ON
f PROCESS URINGITHY Saav@d are thoroughly mixed. As

used herein, "spouted bed" refers to a state

CBAEGRIGROENTDYOF THEINVENTRON ¥ novenent of

partl clres wherern, under the action of a gas

| Figldfahe [aveatiBhgh vel ocity froma gas inlet orifice
provided at the Dottomend of a cylindrical vessel,

tEm 1]f Thespresenpitivativierelats td af gioited thedodevitedand to a
t he "spout "portion") which has a dilute particle
cprovess r aforonpraducihpe pehialefiaxi ssuvh t g ppolyethgleded and
held within the 20 vgssglhgnd i n which part?gpgs $|OMI
Uﬁubmopymﬁwingﬁsubhtmdegi@e. and there also forns at

t he periphery of the spout an annul ar particle bed

vRetated Backpireand At i n a noving bed state under the

i nfluence of gravity. [0003] It is known that there

r Kia02]sSpouted bedi dpvivesnevitich nempdoy eal spoeed ebéd dsave the
fromthe standpoint of the solid-gas contact

eddvaiitege that a%etlwe partitlespaven cﬂega;tiwigk ldrge garticlese several
means for enhancing the solid-gas contacting

emillimetety ibesizeethathrequiire ian excessivelyehigls gasi velodity for

fluidization in a fluidized bed, circulate and are thoroughly mixed. 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.

[0003] It is known that there remains room for improvement in spouted
bed devices from the standpoint of the solid-gas contact efficiency
between the particles and the gas. One means for enhancing the
solid-gas contacting efficiency between the particles and the gas while
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mai nt ai ni ng the excellent m xing properties of a
spout ed bed, described by K Takeda and H Hattori in
"Spout ed bed device provided with gas outlet in
sidewal | " (Kagaku Kogaku Ronbunshu 1, No. 2, 149-154
(Kagaku Kogaku Kyokai, 1975), involves providing a gas
outlet in the 5 sidewall of the cylindrical vessel in
whi ch the spouted bed is forned. SUMVARY OF THE

R LA A S b s
"B ESITR G B, B S B geVS ke with gas
| B0 i gL DAL A Bl 2R 259 149-154
BR8] G RSN 9953 BT bR S Yyt it
e B Y B SSBRLPIGEN P UhSLET B Py formen

[ .?)Fﬁﬁqﬁf jgct of the present
igggﬁ%4%%§¥U_DTUVTég£gEi££§§¥§d bed devi ce which has a

, . oL | . . )
0 PRV R e o8] 6ul, ALY AL Yoed dovics

e the sol
A ied BIK kBB el aS BB REMESIdGHall of a region
DAL P IR RA i O S B i S
58 RS S bp g GRCNd DS St e

woigethet! Withsthe gap SHeneé, fHefe arbid 8 SieedaotiotARahNMixiliary

di aneter menmber” which is fornmed at a bottom end of
tdppagtusnB€rsubRtentil si2el Secldlianat AltrAPorh Natit dRC pPev@Rt the
progressively dowward, and has a gas inlet orifice at
adiséisdrigemof ngartitdéL Ur: aabecavedsutlts fhreeové@daAg edischarged
whi ch passes through 2

particles.

[0005] It is therefore an object of the present invention to provide a
spouted bed device which has a simple construction yet is able to
substantially improve the solid-gas contacting efficiency in the annular
particle bed portion of a spouted bed. Another object of the invention
is to provide a polyolefin production process which uses such a spouted
bed device.

[0006] The spouted bed device according to a first aspect of the
invention includes a cylinder which extends vertically; a closing plate
which closes a top end of the cylinder; a decreasing diameter member
which is formed at a bottom end of the cylinder, has an inside diameter
that decreases progressively downward, and has a gas inlet orifice at a

bottom end thereof; and a gas discharge nozzle which passes through
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- bed portion, of th

the cylinder froman inside surface to an outside
surface thereof and which discharges gas froma
treatment zone enclosed by a top surface of the
decreasi ng di aneter nenber, a bottom surface of the
closing plate and the inside surface of the cylinder.
The gas discharge nozzle is 5 provided above a spouted
bed that is formed within the treatnment zone. [0007]

Ithet B irsReUroth bedikkide CRirfice! ft? al’ Sﬁ@ﬁkﬂe 'sﬁi’ﬁ@b' thered and

gas I's made to flow inward and upward at a high

Wehi®l digcha2@sidas Bem 4 Neﬁtm@ﬁt roRe enélosbﬂ Sy td ShEfhde of

of the decrea3| ng di aneter nmenber and into a

tthealeteedsing Hamesenitanbet €boRom Batfdce tdfethélblosmg plate

formng a spouted bed 10 within the treatnent zone.

neidethoinside Sidacd Gft ik b inder. cThR d‘i)§ch%rg@<ndzzle is

portion and an annul ar par |cIe bed. Sone of the gas

tgravide’l dbhovena ispofitediibéd thatds forthed within the thedtirent 2one.

spout and sweeps pass the particle bed, and the
{6007 hdarthefspoatedibsd die&ic&oﬁthmpmseﬁhm%tdn@a as is made

particle bed. By solid-gas contacting the particles

dodloweintardeand apward atey high veloains fiioph ¢he igashalet orifice
spout ed bed device to subject the particles to drying
tat etiterdvottoon  endi ofithe decreasing diametéromembdedind ninto a
the spouted bed device of the present invention, the
drentmieat zohaswhempairticlemare heldl, thereby foromnghe spasted bed
inlet orifice, instead of belng di scharged directl )
fwithant Ithet upatrnenhezomct iAm nated, abevep thesspamtgdd)éed is
laterally froma gas discharge nozzle fornmed in the
epmpreied, of 8 spoubportion eas anyannalaamauticleobedas Seme pf the
di ffuses, through the annular particle bed portion of
a8 thebuscblaye inafraan rtheugas inket: pefiganforms therspaiteand
t he solid-gas

SHrecps thasy th @mmgl&ibﬁfm%égmm@qﬁrtofcﬂwgw@fmws into
Slla%eghﬂg 2&%@%%,@8 é?é@dggmggﬂggf Eﬁfag’ﬂpﬁs:&rﬁnd the
\Zg,%g ﬁna bé’lﬁa;}, H’? \ms, F})}(jq%tsk %tiﬁdgthel snpotur%cleé bed device to su db_] ect the
particles to drying treatment or to induce a desired reaction.

[0008] In the spouted bed device of the present invention, the gas that
has flowed inward and upward from the gas inlet orifice, instead of
being discharged directly from the top of the reaction zone, is
discharged laterally from a gas discharge nozzle formed in the cylinder,
thereby increasing the amount of gas which diffuses through the annular
particle bed portion of the spouted bed. As a result, in the annular
particle bed portion of the spouted bed, the solid-gas contacting
efficiency between the particles and the olefin-containing gas improves.

In addition, this gas discharge nozzle is provided in a particle-lean zone

above the spouted bed. In this way, compared with a case in which the
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gas discharge nozzle is provided in the sidewall in a
regi on where the annular particle bed portion of the
spouted bed is formed, the anount of particles that
are discharged with the gas fromthe gas discharge
nozzl e can be reduced to such a degree that a
filtration unit or recovery unit, if 5 installed, my
be of a small size. An additional advantage |s that

BB PR A BRIBRINGOR kRl ) o e
| B5hUE e8P b Bt bE oSSl BRIRR s HRRR A, e Munt of
CHRTRIE s SRR ATHE 3 5 AR A g Rl
1S BelrScspa 29 ARl dedebThals BafGu i oRirpbBVery unie, i
s R0 3 B wCufaiey! O BRI SRARAR Ffhat the
ofessi 1056 LB Binsle BAHLichAGTION o1 ubverd by | he

e kept from sca NVor eover, 15 because

t[fﬁg)(@? ﬁl Sfﬁ\? t%gﬁlﬁe% gﬁgg&?&gf%ﬁ ttfgﬁlélgpt f¥ude a

dd@ﬂét%ﬁ phichag dlE oSERE aBHVE TRE %%1; ul Zéﬁﬁf;ggﬁ Otfi@ Ir1:reatment

h the gas can reduced eve

Oéﬂheeflia'scﬁiﬁbufsidé disBetep TRatd@tkERes i‘)rr gﬂfs{s%@l% downward is

freeboard zone nust be secured In suppress

relbséd be a%ﬁt iR ther@VE \Vid had'a biftdrA P S iP8 ]lgaced apart

devi ce of e present ‘i nventi on, di sposi ng a defl ector

i firotrhan dheide-wiaH wfl thedylhidee! Qﬂ@bﬁfeﬂdﬁﬂe 8 Qﬁis&fds@@for the

of particles to be suppressed. As a result, the
fgaseldisuhdrgentozAe e behproeided, abBye Nthe iottoms Sé cof the
to achieve a higher volune efficiency than in a
fdafletitacd Bycpositwnn% a Aefleetorlin dsevay, lpartishsenwhich have
conpared with a fluidized bed, a spouted bed is known
threheblmua?pm;arﬂ extliebgas can be leept drdrandcanteringt meviegeover,
interms o

because the gas discharge nozzle is located above the bottom end of this

deflector, the amount of particles discharged from the gas discharge
nozzle together with the gas can be reduced even further.

[0010] In a conventional fluidized bed device, a constant freeboard
zone must be secured in order to suppress particle scatter. However, in
the spouted bed device of the present invention, disposing a deflector in
the above-described manner enables the scattering of particles to be
suppressed. As a result, the freeboard zone can be shortened, making
it possible to achieve a higher volume efficiency than in a fluidized bed
device.

[0011] Generally, when compared with a fluidized bed, a spouted bed is

known to be capable of exhibiting an excellent performance in terms of
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pressure | oss and, owing to circulatory novenent of
the particles, to give rise to m xing which sonewhat
approxi mates plug flow. Therefore, an advantage of
the spouted bed device of the present invention is
that it can make the residence tinme distribution of
particles 5 in the treatnent zone narrower than in a
fluidized bed device. This is effective in cases
: 0 [ IS g

cBfissury Ros"4AAT ofking B° CHEELIOR} Wiy ERRAL of bk paictes. to
z 001 : e as, t | Lon e
SBE%: iped? o inR T ERNTORRE Rk ' Aot RRER] PINET flow.
p ] b r iqn
VORERADY:  h BR0UIERS B M Spotfet bed delte T the, present
i fot . . . . . _

O o188 AVANLIAR UREfER e AUBIOURYS Bf partices
ViH (e @8htrhénPore nhiYoRerthaflinl & MbHI I8 UBVRE? This is
plurality of spaces; a decreasing di aneter nenber
véffedtive ihoe fhien 3’“?‘9" ' ion i
di arretler thaﬁeg%éggbsﬁg%ﬁggg\e/aeléa omm%a#@,rp?ga%}%l 18
hesriedangt dpel d!éﬁﬁi?h?ﬁélle dnhR eof; a gas
f eedi ng nozz*)ey whi ¢ passgsFt h?gl‘gggﬁ?ﬁgkgg i nder from

0042 Slindg seumﬁ@tag?é@t ahthehviition) rtﬁéfsgohﬂﬁi Bed diRfce is a

0,

ich feeds a gas in each space, a bottom zone

| moitistlgb devivenint whictearslagdlity of symited bedshes fonfleling the

closing pl ate therebel ow, and a gas di scharge nozzle
werticapalisetiohr oThe theltzagertypedapoutadn bdike davééleof the
surface to the outside surface and which discharges a
gaveftiom inchudesch cylander whicleaxtends vesiicaily;oaaplegality of
between the decreasing dianeter nenber and the
alosingplatest whidcte partitiore anTinterigaef dhe chtinder hetozd plurality
provi ded above a spouted bed that is formed wthin
exfcipacesaa macreasing diamel@ron@mber widchnis forhedewithire each
spout ed bed device according to this aspect of the
ispaeeys has anainside wdiemetergthat siexgeasss opromessivelyedowmward,

%nd has a gas inlet orifice at a bottom end thereof; a gas feeding nozzle
which passes through the cylinder from an outside surface to an inside
surface thereof and which feeds a gas to, in each space, a bottom zone
located between the decreasing diameter member and the closing plate

therebelow; and a gas discharge nozzle which passes through the

- cylinder from the inside surface to the outside surface and which

discharges a gas from, in each space, a treatment region located between
the decreasing diameter member and the closing plate thereabove. The
gas discharge nozzle is provided above a spouted bed that is formed
within each treatment zone.

[0013] In the multistage-type spouted bed device according to this

aspect of the invention, as in the single-stage spouted bed device
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according to the first aspect of the invention, gases
are discharged l|aterally, thereby making it possible
to achieve, in the annular particle bed portion of
each spouted bed, a sufficiently high solid-gas
contacting efficiency between the particles and the
gas. Because each gas 5 discharge nozzle is provided
above a spouted bed, the amount of particles that are

%hé@&ﬂh% ol HMfiRE AecticiC Eﬁ’é %Ev@ﬁﬁéh,e %{a&@g 4rB€lischarged

th the”gases can be“reduce reover, e pressure

| R§Srat tH@rebgﬁHﬁléh' fit ﬁb@%}bﬂé’ t8 Hehlievd 9%1’&13 éﬁmﬁlﬁlf garticle

mul ti stage-type spouted bed device accdrding to t

18 ! FaR. . ¢ .
Fed ORin.F cdf TUARL el o PRl MgB i gy Eohiacing
peffidibhey t Betdfdtirt \thea Bs SaNd NtheTdACt Because each gas
i nstall ation. Al so, as not ed ab_ove, b_ cause a spout ed
béidcharde tzale fikupivided beovdi ¥ apoutéd Beéd,Mhe Ndnount of
that sonmewhat approximates plug flow, the retention
particléss thathitd dischangé fremy tie trasodidohinid Abzeies Rfether

t
15 with fewer stages than when a plurality o

fWwithd ilree gabesi caar be ueiced 00 Mbrelsver e Prefairti Wse€ can be

scatter and enhance vol une efficiency, the

nmatdesuffieienylyesmallut ed bed device according to this
aspect of the invention, like the single-stage
sl dg¢ dinb ¢hle demaltistagedypei spoutedt bedf device asqurdingfto this
the invention, may further include a plurality of
daspeet pbthe 2avertiam aphirdiity ofdreathnent Zones gs forthed in the
orifice in each treatment zone, have an outside
wvestisabdirebtion; makéng dt ppssiblets avkicye dospacershvingeffect in
cl osed at a top end thereof, and have a bottom end
vinstahlations pad tap, agsanoted rabovan becauise avapoutsid bed, unlike a
cylinder. In such a case, it is preferable for each

widized bedg givey zise ta mixipg thatl somewhat approximases plug
stﬁwd of each 25 deflector and bel ow the closing plate

ewetheretaatien giane distnibugion ean he narrowed 49 sigplar degree
S\Eﬁﬁtfgd bed devt'i]ce of the invention,, it |

wer stages than when a plurality of ﬂuidli:tzeci f?eds6 are used.
[0015] To prevent particle scatter and enhance volume efficiency, the
multistage-type spouted bed device according to this aspect of the
invention, like the single-stage spouted bed device according to the first
aspect of the invention, may further include a plurality of deflectors
which are disposed above the gas inlet orifice in each treatment zone,
have an outside diameter that increases progressively downward, are
closed at a top end thereof, and have a bottom end which is spaced apart
from an inside wall of the cylinder. In such a case, it is preferable for
each gas discharge nozzle to be provided above the bottom end of each

deflector and below the closing plate directly thereabove.

[0016] In the multistage-type spouted bed device of the invention, it is
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preferable to provide neans for transferring particles
froman upper treatnment zone to a | ower treatnent
zone. For exanple, an ejector or a downconmer may be
enpl oyed as this transferring neans. [0017] The

pol yol ef i n producti on process of the present invention
5 entails carrying out olefin polynerization by using
either of the inventive spouted bed devices described

fr Brcvi 49! £l ™
el 16 Pt BEet 1o in Al SACIATTRL 8 upper
APPSR FoneR0a TowEt Heafifeht E@né.potf“bg ?:é(?lﬁ'ﬁalgﬁﬁﬁ efectdr or a

used, It is preferable to carry ou

RESWABOIRA thAN berhRsYiedts! BiirahsRetingHiedd, T eatl ment
zone a second type ‘of “gas that differs froma first

t[00d 79fT]§!@Spolé@%ﬁﬂ Eﬁﬁlu& §(353] s;irb@éési'%_ It tK@NBfeseRt invention
enpl oyi ng such a nmethod, it i possi bl e, for exanpl e,
temteil§ i mgidg/ sutowlefinmplolypepigatioal byenisieg either of the
propyl ene-based copol yners whi ch have Crystalline
Aneentiveepbatsbbed devives desaribetabvvé o fralaspouted bed of
propyl ene-based pol ynmer segnent, 15 are called

"polgolefirp patticles witkipy tientreatment)ageel, B particular, when the
customarily called "pol ypropyl ene bl ock copol yners").
[ab®i@}désTribegle muhiistage-type adpolitedobed dbeicgadsf ased,oit is
a lower treatnment zone differs fromthe gas fed to an
yppferableets vany awnelefirt polymerikatioh/byy féedinghte at least one
foregoi ng pol yol efin production process to include the
dreatment 2oned setaed typmofigas hatpdiffersdiom pdist typesof gas
renmoved froma treatnent zone to which the first type
ded gesthesother treatmentgzenesi niByremployingsamohnd metleod, it is
of gas that is different fromthe first type of gas,
ipomsible, dor cxamplg, tthe efficientlyeprodyce meltistagespalymerized
treatpent zone where the second type of gas is fed.
propylepgskassde copolymersaawhich keve enystajhive ugenpylenebased
upper 25 treatnent_zone from being entrained by the
Mméfsegmmtsm@mmhoqumgemmbgsm Palymsr segment,

treat nen onge,. thus enablin ol.yolefin 7 .
are c edt “ingh-lmpact polypropy e%e”y(ln Japan, also customarily

called “polypropylene block copolymers™).

[0018] In cases where, as noted above, the gas fed to a lower treatment
zone differs from the gas fed to an upper treatment zone, it is preferable
for the foregoing polyolefin production process to include the step of
solid-gas contacting polyolefin particles removed from a treatment zone
to which the first type of gas is fed with a gas similar to the second type
of gas that is different from the first type of gas, before introducing the
polyolefin particles to a treatment zone where the second type of gas is
fed. It is possible in this way to keep the gas used in the upper
treatment zone from being entrained by the polyolefin particles and

entering into the lower treatment zone, thus enabling polyolefin
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particles having the desired performance to be nore
easily obtained. [0019] The present invention thus
provi des spouted bed devices which have a sinple
construction, yet are capable of substantially
improving the solid-gas contacting efficiency in the
annul ar particle bed portion of 5 a spouted bed, and
al so provi des ‘pol yol efin production processes which

PRSP RUCER GRREpATitaice RIDE MBI XIIobMida.
e[0T ] ERE \}S}feséﬂeixﬁ%ﬁ%ﬁdﬂlﬁ &ﬁ&éﬁ%ﬁa{f&a@éd‘aebge& Rghich
entl on | a

present 1 nver ; 10 FIG2 is a sc C View Of
S [ i :
e e A LB piving

stHeesBlid-gas 'contadt bﬁi@iblg‘é’i' oM tRé ahhﬁ]gﬁﬁdﬁﬁlcg Reg gogcion of

pol ymeri Zation reactor 1 in FIG 2,

apbutdiobi ' i i
N R el s s it e

TetapRiy-EatiREpo eI BEdVBAoek 0020] Preferred enbodi nments

of the invention are described in detail below while
rBRIER DESCRIPEIGN OFTHEIDRAWENGS: e necessary.

Unl ess noted otherw se, positional relationships such

as up- del@ hisla2@heafdtio visw ofreefibtsatbodinhé®t 6Lt spduted

positions shown in the diagrans. Relative dinmensions
ded deviceexcohdimg torthehweseridnesstiony not be true to
scal e. %21] _First Enbodi ment Pol yol ef m Production
System FRdsl asbkchematipoview effi & pecnthde tensodinsdrgnof the
OQA according to the first enbodi ment of the

ispotited bad deiviee pecarding ton they present id&ntRn;

FIG 3 is an enlarged schematic cross-sectional view of the
olefin polymerization reactor 10B in FIG. 2; and

FIG. 4 is a graph showing the results obtained in examples of the
invention and comparative examples.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0020] 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
lefi-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.
[0021] First Embodiment
Polyolefin Production System

FIG. 1 shows a polyolefin production system 100A according to

the first embodiment of the invention. This production system 100A
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i ncludes an ol efin prepolynerization reactor 5 and an
olefin polynerization reactor I QA which is connected

as a subsequent stage to the olefin prepolynerization
reactor 5. [0022] defin Prepolynerization Reactor 5

The ol efin prepolynerization reactor 5 polynerizes

olefin in the presence of an ol efin polynerization
catalyst to form polyolefin particles. [0023]

Exriiad t | efs I Z@abi rea

RIS B, (IS TpicholROioTEh' Skl TSGR 3n olefin

IyFRéiZd 17344
T Al Ao 1R 5, SOMEREN 2R d Abselflent stage to

rércélefis, prepolyheiidafied régsdtol $pe gas phase
pol ymeri Zation reactors. Any one of these reactors

n022 Ofefih PrepelynferZdtic Redc@r reactors of the sane

type nmay be used’in conbination, or two or nore

r eact orFheblefih f;ﬁ%%@ otbAfiodTPdacker § ?;ﬁg¥hibrizes olefin in the

conmbi nation. 15 [0024] Slurry polynerization reactors
Upresency o arsedlefine| polgnicrimtion ObatERyst 268 | fim  pol
rpgggtors, such as theptgl irred tank-type reactors ggg'oleﬁn
| maxticlaspe reactors described in Japanese Patent

Publ i cati on No. 541-12916, Japanese Patent

HOO23¢ Examples. ofStiee dleditd peepblyarariesion Raiceot 5 include, but
Publication No. S47-42379. Slurry polynerization is a
mreceefsliattad taynslutryappbimerizatian ireactoos,venlk pelymerization
prepared by adding an olefin nononmer such as
p‘leaptﬂrs,nestmecblm:aﬁdype ®asi phase spblyanerization aseators, and
al i phatic hydrocarbon (e.g., propane, butane,

ilbuigizesh bedoeipeages phaseapeolymepizatien pezciors) oAmgn one of
al i cyclic hydrocarbon a(-]e. g., _cyclopentane,
d—b@ﬂi%fﬁtﬁ}@%)maﬁlbedl%di ope) § phuriakify ofmeactors 9fthe sarfé type
di spersed jp the polynerization solvent to forma

Jnay (bg useddin gempisationt eiwe orazore egacors of diffetingeypes

\Argaejl; %etlps%dqglc%rﬁle intal'gi‘rél)tn.i s formed 9

[0024] 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.
S41-12916, Japanese Patent Publication No. S46-11670 and Japanese
Patent Publication No. S47-42379. 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
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does not dissolve in the pol ynerization sol vent.

Pol ynerization is carried out at a tenperature and
pressure at which the polynerization solvent is
maintained in a liquid state and the polynmer that is
formed does not dissolve in the polynerization

sol vent. The polynerization 5 tenperature is generally
from30 to 100C, and preferably from50 to 80C The

p tZ Atd r [ I S : :
AU SN IAE ol mBSRAOH' Yol SPRIMBEfzaton i

[ O4kield Bt lat %Oiéégﬁéﬂaiﬁ‘ei fAd gﬁﬁﬁtﬁésatt Wilc e g)g)lt‘ﬁ%i’ization

i ncl ude known yneri zat | reactors, s

$oIVERE id AdintHACd 'ifak URNAd Xiske é&d'tﬁ_@gjnd%g?errﬁﬁ?t@rf%rmed

S
descri bed in Japanese Patent Publicati

Sdesl 281 @isstipa ﬁﬁsﬂlepgbﬁﬂﬁeﬁﬂﬁ’ﬂiéﬁ ol eentNo. Tiwé gﬂ%@%ﬁzaﬁom
and Japanese Patent Publication No. S$S47-42379. Bul k

penyPEahiet isofendraly PREALSH td M0OPCE Andprefféablly from 50 to
nonomer such as propyl ene or butene is used as the

PBOSOEr | The QPoIyERetEAition phesarbSianidnetaltps g atandard

i nert solvent's such 15 as aliphatic hydrocdrbons

(regsurentool®MPaGuand prefesatilytfeos 0 Betot MPaGnexane,
hept ane, octane) and alicyclic hydrocarbons (e.g.,

JPo2sp eBubn polymgrization arartorarthat efay beolsetinelade dmown

catalyst is dispersed in the polynerization solvent,
gral ymeryzatiory aeactors,s suehr aedtheustitreda taletgpe Weactors and
the polynmer that is formed does not dissolve in the 20
dobpriypez aeactors odescribedoiry meaparsese o Patentc aPubkicatiort  No.
at a tenperature and pressure at which the
ot 1@l patlapaness Patanti Bubkicaticn ido. B46eal1670)aind Japanese
state and the polymer that is formed does not dissolve
i Batene Pubbicationi MNat iSY-42BV8nt Bulkepolyimyenization iiva process
tenperature is generally from30 to 100C, and,
dhewbicdibay alelimmoneomegcochmsepmpylens oebutene imused as the
mssure Is generally from standard pressure to 10
ymesizationesalvent in the substantial sbsgnee abinert solvents such
as aliphatic hydrocarbons (e.g., propane, butane, isobutane, pentane,
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.
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[0026] Stirred tank-type gas phase pol ynmerization
reactors that may be used include known

pol ynmeri zation reactors, such as the reactors

descri bed in Japanese Patent Application Laid-open No.
S46- 31696 and Japanese Patent Publication No.
S59-21321. Stirred tank-type gas 5 phase

pol ynmeri zation is a process in which a nmononmer in a

ST s F TR g o o
Sl ERLRo bz g *%Lfn&h e et
ek i PR LA AR 7
6}&Pﬁﬂe§@%t mﬂbq’tﬂﬂt}dﬁgﬁe?@% Can 'lgéfurGStﬁli‘SH'%:ﬂke . gas

ge at icht e present as

ﬁbfg‘?ﬂl&hﬁdﬁbxﬁ‘ié d ?%ée’égkmt YificHa® l:ﬁafﬁﬁler in a gaseous

tiron reacto I's general rom

Sﬁtét%d 45d yRe@S ay' ¢hé OnfediltafSasdd whilgf %Mnﬁﬁ%”hﬁ dlefin
to MPaG 15 [0027] Fluidi zed bed-type gas phas

yﬁﬁfﬂz%@i&irpaathﬁﬁs‘itaﬁ{& oléfa pElymeieinaefluldieed &ate within

Known reactors, such as the reaCtors described in

lh@&ﬁ@dﬁnﬁ&i)ﬁﬁieaﬁ@niﬂ & bighatdithe aRGRomter iPIBe 445804Ys state
Japanese Patent Applicatlion [ ai d- open No. S59-7126406

dppoleprerized. Pallenpolyiaetizatdbh aenmiirdteeds gdénerally from 50
H2¢233708 Fl ui di zgd yggd type gagﬂi?hase ZOggh Y

ol ¥i@PCz atridbpreferably deess 600 tohil OD°E. rTD’!ﬁ'hB”EFoly‘merlzatmn
gaseous state is wused as the nedium and, whi

rpaessuae rshoglé rberm ial yarmge ot efhich thel glefin zahitenpresent as a
catalyst and olefin polynmer in a fluidized state
wiapor nphasee wighinurthby stifredf tank-type hgastgrtiasen polyanerization
nmononer in the gaseous state is polynerized. In sone
geactor, andads tgﬂ:rmrally fitcen ptamdand dpressafe goodotMPaG, and
fluidization. Theg rlzatlonten'peraturels
gp@fﬁ&rablwﬁom oh preferably from 20 to 100G,
nore preferably 11
[0027] Fluidized 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. $58-201802, Japanese
Patent Application Laid-open No. 859-126406 and Japanese Patent
Application Laid-open No. H2-233708. 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
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from40 to 100C. The polynerization pressure should be
in arange at which the olefin can be present as a
vapor phase within the fluidized bed-type reactor,

and is generally fromstandard pressure to 10 MPa(s
preferably fromO0.2 to 8 MPaQ and nore preferably from
0.5to 5 5 MPaG [0028] Conbi nations of different
reactors are exenplified by a slurry polynerization

(SRRLED 181 00CeY, TR NIEHEERALPR S ERGH G R 1 g o
FHiCHL B 90 10 be BT ALE L of PAERE pithif the fluidized
CBRENHe reRiabiany IERALIE fror stodtRi eb Al L10MPRG
f i i

ALY o 0P T BB AT e eRtiab Iy om, 0.5 to 5
bvipgGPol yneri zation reactor and, connected thereto as
the subsequent stage, a 15 gas phase pol yneri zation

[[ORCBY'Combinatoits bf differeist Rafktd p&r&eieﬁ@md by a slurry

pol yneri zation reactor, a stirred tank-type gas phase

RSOy iRl Zxtion0 Peadt6AOOh Balkt PBI}%E&%HHSW 1e4actfS b Wifich is

olefin polymerization reactof IOA However, it Is not

ajotmiesterl sadtthal stlscgueht! dtage,f UG a

the bulk pol yrre?i zatqlil%n rea%? o? gr?hd‘ﬁtgﬁg gg(smggg/g%& phase

gﬂl i Zagionoreace®C bpfa_stffed UBARAYPBIgdsBh e polRfdHkation
efin Polynmerization Reactor The ol efin

pehgtoer i zati on reactor 1 OAis a reactor which carries

out, in a substantially gas phase state, an olefin

10028} A temiatively at fTushing tando fyo bqﬁamtiﬁgt unteastddoletth or

by the olefin prepol ymerization reactor 5. 25 [0031]

Podymieeizatioposolwent fimm wiefingsslymerOpartivdonmay geferally be

is constructed so as to be capable of formng a

gragidedspbetweeerbed Ssluary ipolym2rization reactor or a bulk

polymerization reactor and, connected thereto as the 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.
[0030] Olefin Polymerization Reactor

The olefin polymerization reactor 10A is a reactor which carries
out, in a substantially gas phase state, an elefin polymerization reaction
on polyolefin particles formed by the olefin prepolymerization reactor 5.
[0031] The olefin polymerization reactor 10A shown in FIG. 1 is

constructed so as to be capable of forming a single spouted bed 8, and is
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conposed primarily of a cylinder 12A which extends
vertically, a closing plate 15 which closes a top end
of the cylinder 12A, a deflector 20 provided inside
the cylinder 12A, and a tubul ar baffle (decreasing

di aneter nmenber) 30 provided at a bottom end of the
cylinder 12A. It 5 is preferable for both the

defl ector 20 and the tubular baffle 30 to be disposed

FOTtRcd BTN of o8 CLVAKT 124 PRI (R eljeally,
s e SO S g 18 e SR Yl 4 gt
220 vl 30 S BUTION. iR SRFOOAR) s
SRS EnD 0l Beg s o i offhe gSH 24, 1

tizepteferdble foRfoth the. déflddst 20 ki thehibigac bhffle 307 be

25,7 an ol efin-containing gas flows upward at a high

V@ilspoiaéd/cémiﬁll? with thel@ntéy arlis ©F the cyihdar 120t t FRdm the
15 end 30b of the tubular baffle 30, fhereby formng a

sgtandpoint of stalsilizhey e gpouteddbed, theeylinder 12A Rh®an inside
spouted bed 8 is made of a spout portion 8a and an

adiameter pfiptéfetablparbtihord 2385 nijvnd woregsrefigrablyenéPmore

is a tapered cylinder which has an inside” dianet’er

tthah 316aneadasther olgfies polyehyrizatioh eegetonVidDAl, a reaction zone
direction, and is 20 fornmed at a bottom end of the

dyteatmient zone) 2beisoformied betwedr adsottomnaudfade bfiche closing
bottom end 30b of the tubular baffle 30 may have
Pleteoddan insidersur fadeeok then by inden 1 22hand Jansimsidesurface of
pol yolefin particles wthin the reaction zone 25 do
ribe tabalar baffled0d t hr ough the gas inlet orifice at

times as startup or tenporary shutdown of the

10652h Watbip oihgneeaction qencods; o wefinfangaiing ghe flows
Bﬁgﬁﬂdggt ggl%%hzsélo?:itgreﬁlorerftaoéasz ci)nlie? oor”if?g: ?‘ggmg(ti a% a bottom
end 30b of the tubular baffle 30, thereby forming a spouted bed 8 of
polyolefin particles (FIG 1). The spouted bed 8 is made of a spout
portion 8a and an annular particle bed 8b.

[0033] The tubular baffle 30 is a tapered cylinder which has an inside
diameter that decreases progressively in the downward direction, and is
formed at a bottom end of the cylinder 12A. The gas inlet orifice
formed at the bottom end 30b of the tubular baffle 30 may have
disposed thereon a check valve (not shown) so that polyolefin particles
within the reaction zone 25 do not flow downward through the gas inlet
orifice at such times as startup or temporary shutdown of the olefin
polymerization reactor 10A.

[0034] In the reaction zone 25, a deflector 20 is disposed at a position
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that |ies above the tubular baffle 30 and faces the
gas inlet orifice. The role of the deflector 20 is to
prevent spouted pol yolefmparticles from scattering.
This makes it possible to shorten the freeboard zone,
enabling a high volune efficiency to be achieved. 5

[ 0035] The deflector 20 has a conical shape with a top
end 20a that is closed, an outside dianeter which

5 RS ME SRS BN i e MR The
CBIf Mt S ST DSl A bty Pt rom

%ﬂﬁl i$'PnhRES i hgo.f?gﬂlé' ) A%ﬁ?rﬁé'i < arre%t‘éé%%ard zone,

portion t he spoute

gqd are
di schalggégﬁgﬁggﬁgggkgﬂ scha gee&ﬂ%‘gﬁzilegs 70. [0036] Gas
(03153 DRe TS Z0 st CBhitRd sha thYd 1Pl ehd 20k that is

ich” defines the sidewall surfac h'FIthe eacti on

Z¢16Sed. Saft DiasideO dRidle? WRRES 1n&5a§é& ?ﬁ)e@‘eﬁﬁbéﬁg ddwnward,

fromwithin the reaction zone 25.

Reld/ BEbottai end 20t tiedt ik a%@ﬁ%pﬁrﬂgi'drﬁ thaeimi®s WHll of the

enbodi nent, four gas discharge nozzles 70 are forned

ady Liridet EDA | alPartiglesathat Ahoé b blavan apWied collide with the

ci rcumc erential direction of the cyli nder 12A. Gases

vinside stieface fofotlesl deflrist 20dandvredtdkeamuphintéathe annular
inlet orifice of the tubular 20 baffle 30, instead of

hErtigledbed lportied 8b ofché wpouesd bbd 8.0pAefthe bame time, gases

reacti on zone 25, are discharged laterally through the

fpass t@emﬂm:bettgm endZ20te andGaret discledngedefrong gaﬁ discharge
possi ble to increase the amount of gas which diffuses
inuzzlesh@0.annul ar particle bed portion 8b of the

spouted bed 8. As a result, in the annular particle

k[6836]) Gaodissharge nbezlep il are frnbediirs the eylinder d2dawvhich
contacting efficiency between the particles and the
slefiras-thesidewial gugfaseiofithe reactidinzona Sdicsahto grable gases
nozzles, 70 are 14

to be discharged from within the reaction zone 25. In the olefin
polymerization reactor 10A according to the present embodiment, four
gas discharge nozzles 70 are formed at substantially equal intervals
along the circumferential direction of the cylinder 12A. Gases which
have flowed inward and upward from the gas inlet orifice of the tubular
baffle 30, instead of being discharged directly from the top of the
reaction zone 25, are discharged laterally through the four gas discharge
nozzles 70, thereby making it possible to increase the amount of gas
which diffuses into the annular particle bed portion 8b of the spouted
bed 8. As aresult, in the annular particle bed portion 8b of the spouted
bed 8, the solid-gas contacting efficiency between the particles and the

olefin-containing gas improves. The gas discharge nozzles 70 are
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preferably situated above the bottom end 20b of the
deflector 20 wwthin the reaction zone 25, and nore
preferably situated above even the top end 20a of the
defl ector 20. By positioning the gas discharge nozzles
70 at such a height, the anmount of particles which are
di scharged from5 the gas discharge nozzles 70
together with the gas can be sufficiently reduced.

Bty sFeCal e Gbove BN bBUT2 0 RE e BRREGAYr 20 within
dﬂﬁcf@icglt%ﬁlgg&%% 95/ %nﬁls%fg)gé . rgﬁéf?fg)ﬁf gftq%tfeﬁgiﬁb elbnTRY top

bé nore ar’or scharge gas
| f ' '

P30 20m §0 rd PR 8 B SRR B b8 ke Bozzes

oR0 SRR P, I afRE T ARg il digharged rom

; : L i .

{81 4 Stang) spms YOTRitl it ieog LR R ity
b f | K157

edeRLer D ¢ g blctpin Sk s 70

Ofvab PeSerib@38 HoWeger, tienanitlep off gds%bbl%‘g!e%l?ﬁ@ 70fis not

the tubular baffle 30°in FIG 1, i~e., the~angle of

thigiteds tolfoapAc &t Riay be ﬁw?lelt%nbﬁﬁﬂ 8t 38ssMhdh fbr. To

horizontal, is preferably at |east the angle of repose
f disciaipeolgaki evenhy t e efurAbes eoff Z%MS_t liscHdrge CybkFRer70 is
12A. The angle of "inclination 00 is nore preferably
%re&'mblyhhhaa@ﬂgkz@. of repose and at |east the angle at
ich the polyolefin particles can be conpletely
di0087ar Be dongr avithblei ted. béd 8 thh theaseactionozdne 25, it is
downward novenent of the polyolefin particles is
addsirabdel . thho @he] tubuliwo tgiffle 3P osatisfybthe fellobdngoconrdition.
even using a flat plate 25 with a gas inlet orifice
N amedly,t therratio do'dy dredweenahe diaineterbdf fofdhad@asainlet orifice
regi on where particles do not fluidize will arise on
saidhe dbottoan epda3i@b of the tubmilar baffle 30 and the inside diameter dg

of the cylinder 12A is preferably 0.35 or less.
[0038] Also, the angle of inclination a30 of the tubular baffle 30 in FIG
1, i.e., the angle of the inside surface of the tubular baffle 30 with the

horizontal, is preferably at least the angle of repose for polyolefin

particles present within the cylinder 12A. The angle of inclination 30
is more preferably at least the angle of repose and at least the angle at
which the polyolefin particles can be completely discharged
gravitationally. In this way, smooth downward movement of the
polyolefin particles is achieved.

[0039] Although a spouted bed can be formed even using a flat plate
with a gas inlet orifice formed therein instead of a tubular baffle 30, a

region where particles do not fluidize will arise on such a flat plate near
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the inside surface of the cylinder 12A. As a result,
due to poor heat renoval in this region, the
particles may fuse together into nasses. To avoid
such a situation, it is thus desirable for the tubul ar
baffle 30 to have an angle of inclination a30 which,
as noted above, is at least a 5 given angle. [0040]

It is preferable for the deflector 20 in FIG 1 to have

Yheditside Eﬁxfab@ Qi ﬂﬁ:t A e. Astd;h?fs%ﬂﬂ' dud 86 gﬁg)r heat

bet ween t he out si de S ace o t he ector

tﬂ?:%l&‘\%l' 15‘%?15%"‘{'3#1 ﬁtﬁﬂeé filsdao Eﬂie& ifito §§. To

for pol pa?tlc es prese tV\/lthnthe cyl 1 nd

T&mdvid! sﬁldlf' hSsitiont Gt RO !thAk AfdsiraBRe Fhi Higs tﬁ‘@t‘flai’%aﬂle 30 to

adequatel'y preventéd fromsticking to the deflector
Jtave 8A l?%ﬂ ﬁiﬁfﬂe{hcﬁ?b@ IO Wiich24E ritfte@ WAV eD'is &t least a
repose o or exanple rom about 35 to abouf 5

Tgieeﬁ@ﬁﬂ . of inclination 00 and a20 are both

preferably at |east 55. 15 [0042] The defl ector 20 and

L0040y v |1§gr@f%i'zible foR the elefRRefor20 36 IRIG. tloto hive an angle of
cylinder 12A by supports (not shown). The supports

HagHEnatiohi200tie] {he dible Tohmed tetweet akie Yutidardrface of the
pol yolefin fllow The Tylinder 12A, deflectors 20 and
tdefldctor REfdrdetheSRoriyntad, whdith i at feast thexanglecof repose for
carbon steels and stainless steels such as US 30
gpulydodih arfithds’ présentsedthiar thien cylindst IEAer slit ¢hiz way,
stai nl ess specification standardized by Japanese
Ipulyelefirnipaftieles acais beJaddquately prevesited abbm stickingeto the

"SUS 316L" when a catal yst which are high in corrosive
|daj}&wme20 (e.g., a halogen such as chlorine) is to

| oyed 0043]Asshovvn|n FIG1, aline L30 for

f[BQéﬁd’quelef e fpantickest bave am apgleyef teposerof; doedexample,
the gas inlet orifice at the bottom end of the tubular
Haom ebadt 35%¢o abenit 50°ont Eheianglemef isclimatiomo3Q aad 020

reaction zone 25 by 16
are both preferably at least 55°.

[0042] The deflector 20 and the tubular baffle 30 are each attached to

the cylinder 12A by supports (not shown). The supports have
substantially no influence on gas flow and polyolefin flow. The
cylinder 12A, deflectors 20 and tubular baffles 30 may be made of, for
example, carbon steels and stainless steels such as “SUS 304” and “SUS
316L”. As used herein, “SUS” refers to a stainless specification
standardized by Japanese Industrial Standards (JIS). It is preferable to
use “SUS 316L” when a catalyst which are high in corrosive ingredient
(e.g., a halogen such as chlorine) is to be employed.

[0043] As shown in FIG. 1, a line L30 for feeding the olefin-containing
gas is connected to the gas inlet orifice at the bottom end of the tubular

baffle 30. The olefin-containing gas is fed into the reaction zone 25 by
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a conpressor 54 disposed along the line L30. In
addition to the gas feed nozzle 60, a discharge
nozzl e (not shown) which is capable of discharging
pol yol efin particles at the end of reactor operation
may al so be provided at the bottom of the cylinder
12A. Al'so, to reduce the 5 anobunt of powder remaining
inside the cylinder 12A at the end of reactor

SRR B 39 SyRSEERNI 1 1PECLSAS 20 AANERClp e e

Irnverted-cone (no
Teef AP 0, BOBRDAES niRde (SICERGHR) MR capdBle of
AuSopaRg folyIEf InrRIE &tk uld G Rl B60RIRR may also
TRoBrondsd & Be BORcrh S e RRlindlr J2ATYAIRE o Feluce the
s fopofs] SehidnRyl LSRRl PR i RO of

TeattoRDERAHIonOlt s Breferiblé 16 provid el intif6r ifember in the

Shabd Qo anOirferfedC phé!| (of Shdaen) BP™M Pbsithif hieh #8es not
connected to this line L30. [0045] A'line L5 is

qamrfrtasith @ ak Mowdt the Bottbaf offth@ cpHader 9pANI gher

than the redgli on where the spouted bed 8 is forned in

0044Y A peedidcharginphing U0 ceapkd upﬂﬁf%%s dischhfdecfozzles

containing solid particles of an olefin

Y0 winich discharge ghefiah the reletiog a20he @ koproviled lab the top
addition, a particle discharging line 35 Is connected
tof theecylirddral2 Aaf Tlee §8s disthyapedithrowgh thelgas dikeharging
have grown within the reaction zone 25 are discharged
tinedud0 hasgaseentiained astiblesgenmvddtheséfrofinby \am m'ﬂeﬁonally
V71 and V72 are arranged in series on this particle
dusmkbedjicygldriené2 2fd Fdassep chymight cooldtg mednscoethe like (not
be di scharged in the next step EK successively opening
ahawrg) teimis tdeysked by Jine L30. line L20 for supplying to line
L30 an olefin-containing gas from the exterior is connected to this line
L30.

[0045] A line L5 is connected to the cylinder 12A at a position higher
than the region where the spouted bed 8 is formed in the cylinder 12A,
and supplies polyolefin particles containing solid particles of an olefin
polymerization catalyst to the reaction zone 25. In addition, a particle
discharging line 35 is connected to the tubular baffle 30; polyolefin
particles that have grown within the reaction zone 25 are discharged
through the particle discharging line 35. Two valves V71 and V72 are
arranged in series on this particle discharging line 35. The polyolefin
particles can be discharged in the next step by successively opening and

closing these valves.
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[ 0046] Accordingly, in the present enbodi nent, a

pol yneri zati on step which uses two reactors--i.e., an
ol efin prepol ynerization reactor 5 and an olefin

pol yneri zation reactor 10A--is achieved. In this way,
the olefin prepolynerization reactor 5 effects the
pol yneri zation and 5 growt h of polyolefin particles,
creating relatively large polyolefm particles having

paAGY | ; f f 5 .
) A4S b L on
Atie Bl ke ESt U TSRS

te %Fﬁ“ﬁyﬂ%ﬁiﬁi&rﬁ 3bhQ0r SIGR-RE ATV, Wirf *ﬁllﬂéS%y, the

only a single reactor and does not i1nclude an olefin

wlefia! YrepoRmétratiGRCicictor 3 NeffBti QﬁéeP?gﬁn@fiﬁéﬂi@n and

pol ymeri Zation catal yst or prepol yneriza cat al yst

grobatl G polyolefin ‘paetisles! | creafinhy ERatively drgeapélyolefin

A, and ol efin polynerization is carried out.

Aargcleat haeing aopartivle neipe ligréfepstsly at déast 500 um, more
pol ymeri zati on reactor, such 15 as an olefin

[preferhblyeat tedst OO gagtaid even mor®peéferably at least 850 um,
pol ynerization reactor 10A, may be provided

sherebyuesiabiling htheo! fdfrimationl yoBr hzahorn stabhet gpouitéd bed.

so as to achieve a polynerization step having three or
Howevet, aiyess. also0pad$sibleto rhawolthe! ;_:Rﬂ?/maizitti@ai glepsbe one
20 Next, the olefin, polyolefin, catalyst and other
wiichamses osld a isinglee reactoncandndegstmot i0Elade an olefin
according to the present enbodi ment are described.
poep@lynerizatiomn | reactorpd! ydnr thist ¢ase, ramatlefin palymerization
potéol efin production nethods according to the
satalgst crnpoepolymerizasiom| eatalyst iise fed odizectly @6 the olefin
pol ymer, (ol efin homopol ymer, olefin L. .
Pohpmgnaationpraseten il 0A,i and alefindpolymerjzation is carried out.
pol ymeri zation of one or nore olefin ..
vehe one-en mere additgonal olefin polymerization reactor, such

as an olefin prepolymerization reactor 5 or an olefin polymerization
reactor 10A, may be provided subsequent to the olefin polymerization
reactor 10A so as to achieve a polymerization step having three or more
stages.
[0047] Olefin, Polyolefin and Catalyst

Next, the olefin, polyolefin, catalyst and other substances used
in the production system 100A according to the present embodiment are
described.
[0048] In the olefin polymerization reactors and polyolefin production
methods according to the present embodiment, polyolefin--i.e., olefin
polymer (olefin homopolymer, olefin copolymer)--production is carried

out by the polymerization of one or more olefin (homopolymerization or
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copol ynmeri zation). Exanples of olefins that may be
used in the present enbodi nent include ethyl ene,
propyl ene, 1-butene, 1-pentene, 4-nethyl-I-pentene,
5-net hyl -I - hexene, 1-hexene, 1-heptene and 1-octene.
5 [0049] One or nore of these olefins nmay be used.
Alternatively, the olefin used nmay be changed in each
pol ynmeri zation step. In cases where polynerization is

CEGBIGTSatih )2 ”Ekﬂn?égﬂ CofP'AERAS  that Ml M tused in the

olefih may be uUsed in stage. \Wen two“or nore
opRIsEAs eﬁﬂﬁ)diﬁi?g)tt inehafPk leﬁe,sgfqpﬂgFEe of &itBne, 1-pentene,

combi nations t may be erfpl oye ude 10
P4-gRyileAe-pehtenene.5-RictRy]-¢ iedxkngUt gn -
propyl éne/ gt hyl ene/ 1- t?gltqgne, et Eyl gngfxelr}eﬁuténg?tene and
ellockene/ 1- hexene and et hyl ene/ 1-octene. In addition
to olefins, it is also possible to use at the sane
009 aDheusr nsrpodl) tssecColefiisetiagnbe usedh afltetinatisely, the
[0050] A efin polyners (honmopol yners, copol yners) such
aolefihb uped pnagnbe hehanpedy e reachppobyherigagbnystepe In cases
copol yrmers, propyl ene/ 1- but ene copol yners and
pwhese pob/metightion/id cantied @ut aepo nyultistageprdvess, a different
advant ageously produced in the present invention. The
wlefincmayrbetised ai eaclpstagesr sWhenatwe driyiorelbléfiiage used,
pol ymeri zation in which the proportions of the nonomer
wexamsplesrofi sujtable adefih eoptbinations tigatemiay e entip 6 ped imclude
the respective stages is especially preferred. For
rapylene/ethylengopsopylenedl -butenea  propylene/ethylene/1-butene,
mul ti stage-pol yneri zed ol efin copol ynmer by feedi ng one
tefhilesk/ bibatens, tethylensy biliexepeerand methylenebinocteaet or In
5 and an olefin polynerization reactor 10A so as to
faglditian depelefins ibis alsa pessible topseyatothe, samet time2garious
first olefin with a small anmount of another olefin to
m@mgw@@nwlmﬂdlwe.s, then feeding, in a

t. stage, two or nore 19
5[88%8? 'Olefin pgo?ymers omopolymers, copolymers) such as
propylene homopolymers, propylene/ethylene copolymers,

propylene/1-butene copolymers and propylene/ethylene/1-butene
copolymers may be advantageously produced in the present invention.
The production of olefin polymers obtained by multistage
polymerization in which the proportions of the monomer units serving
as the polymer ingredients differ in the respective stages is especially
preferred. For example, it is possible to form a
multistage-polymerized olefin copolymer by feeding one type of olefin
to an olefin prepolymerization reactor 5 and an olefin polymerization
reactor 10A so as to form homopolymer particles, or copolymerizing the
first olefin with a small amount of another olefin to form random

copolymer particles, then feeding, in a subsequent stage, two or more
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types of olefin to these polynmer particles in an
additional olefin polynerization reactor such as an
ol efin prepol ynerization reactor 5 or an olefin

pol ynmeri zation reactor 10A. This results in a narrow
residence tinme distribution in the olefin

pol yneri zati on reactor 10A, 5 nmaking it easy to
achleve a fixed conpositional ratio within the pol ymer

CloFs akd Varef
drselgSc?Inegﬁp ?DO?SP %{]&Jc}ﬁﬂ Zicl%ésrs ptﬁgtg%%]b %dxaanrgli(gﬁhbhgtc%leﬁn

pﬁbméﬁzéﬁb‘ﬁ wegctoP sa8N 8Nt BIETRY preSolsmietiRition reactor 5 or

pol yners,

PAR Pl edTie- 56 Wér@iﬁlcﬁi hadagits- AMRPY | eTRisetrByhiefNein a narrow
pol ymers, “propyl ene/ et hyl ene- propyl ene/ et hyl ene

prdsideice dnte disteibutioreinr ey bR Polyhreizatiobui&ittor 10A,

polynmers. Here, a dash ("-") indicates the boundary

W@rzﬁ:hlw adixddedmpokitionzd irgdbd esithinthe polymer
or nore olefins are copolynerized within the polyner.

Gpartielesies Sudhhaarprasproathniofespecidlbt aeffedtdvey nfori zéducing

propyl ene- based copol ynmers whi ch are pol yners havi ng

pmoddingrdefeetsed mononer  units, are call ed
"hi gh-i npact polypropylene (in Japan, al so
cl5dteExampded | ed "l ypr opgliehe bl ocpolyanetsyer s" Jinclude

and have crystalline propyl ene-based polynmer segnents

adpyleneipropykihepethyldrene- based pol yner segnent s polgmers,
preferred. A nultistage-type polynerized
mnwlmm—mapg&rméﬁby%m—pmpy lemefethylered . by the polymers,

conti nuous multistage polynerization, in any order, of

prppyiene/ethylensrpropylermsgthylenes egnent s polymargiom and
copol ymer segnents obtained by copolynerizing a snal
Mewmﬁpﬁ lesiefethylens/ 1 tthiene pojymens, Eierey ardash (“ ”)
am)[phous rﬁmber se?brrents copol yneri zed from et“h%/
efptaennpplymerse cinsha, slash of 1) indicates.

o her than et hyl 20

at two or moré 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
crystalline propylene-based polymer segments and amorphous
propylene-based polymer segments, is preferred. A multistage-type
polymerized propylene-based copolymer can be prepared by the
continuous multistage polymerization, in any order, of crystalline
homopolypropylene segments or random copolymer segments obtained
by copolymerizing a small amount of an olefin other than propylene,
with amorphous rubber segments copolymerized from ethylene,

propylene and, as an optional ingredient, an olefin other than ethylene
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and propylene, in the presence of the respective

pol yners. Such a copolyner has an intrinsic

vi scosity, as neasured in

1, 2, 3, 4-tetrahydronapht hal ene at 135C, which is
preferably in a range of fromO0.1 to 100 dug. This

mul ti stage pol ynerized 5 pol ypropyl ene-based copol yner
has excell ent heat resistance, rigidity and inpact

r : ve

AN PronTRnt T SN ISR OF A8 RRBRcliDe BORMRASY Such 2
VEs aCKpggd NQ 4nC oMtk S retgeta :
pc?cpkdggiﬁlnég co%?éai ng{1 S. Oog%cs beic;sg\c/)gfr\qf’ [ ngé:t’ he?%?%él@ﬁ? n
e u :

e b Py SRR L) Kooy et 20 GHEFIOly fn  range
COHPEFGRA S (L oduFed 001 T@FReCt | VERIBO! ikt Ogao‘}jrl‘h%?ized
may be given different nofecul ar weights. e present

| polgpropylehe-tilsed capblFmaonas excellent BRHE rbsisRiREl Mgidity
pol yimer's having a broad nol ecul ar wei ght

chirei rintypadto resistince)x aamd ecah hthdreforenYeC usedcdai automotive
obt ai ned by 15 measurenent as descri bed above for the
rompenettseheas bubpertethd doot ReEinpoAvdren i varidwwpatledping
t hat produces the hi ghest nol ecul ar wei ght polyner
aumtaimers sach as retorabie fodd packagiapl coritamers). 5 to 100
dl/g, nore preferably from1 to 50 dl/g, and even

rf008 2p dioeeasrdry irf toenpzesemt e2fbodingent]bd droaden tisé enolecular
viscosity is at least five times the intrinsic 20

weight i t(i;stui‘buthm pofyrike amiefinnegmulynierai tieel ioefithe polymer
pol ynmeri zation step that produces the |owest

resnepomnents \wodncesd dhynespectong polymeriZation stepseniay be given
i nvention can advantageously %{loduce an ol efin_ pol yner
idiffevgntc hmaleculapurweights.he” p&henepresenpoimventotn aiisedlso
in the polymerization step which produces the hjghest
divaatageounsiogprogecng qoipmess havig anbroacbmolecular:
fro O'd]isgri% 80 wt % of the olefm, polyner. 21

weight ution. 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
20 dl/g. This intrinsic viscosity is at least five times the intrinsic
viscosity of the polymer component obtained in the polymerization step
that produces the lowest molecular weight polymer component. The
present invention can advantageously produce an olefin polymer in
which the amount of the polymer component obtained in the
polymerization step which produces the highest molecular weight
polymer component accounts for from 0.1 to 80 wt % of the olefin

polymer.
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[0053] The ol efin polynerization catalyst used in the
present enbodi nent may be a known addition

pol ynmeri zation catal yst used in olefin

pol yneri zation. Illustrative exanples include
Ziegler-type solid catalysts fornmed by contacting a
solid catal yst conponent containing 5 titanium
magnesi um a hal ogen and an el ectron donor (referred

t P0033Y Theasolefint ﬁ%gméﬂﬁﬂﬁ’é‘ﬁmcaﬁlgsw UBed"in the present

or ganoal um num co conmponent and an el ectron

dernbiodiMeRe @ﬁ% beadl W'ddtagﬁplggﬁe%igﬁaerﬁ%ﬂo% Eéttag'/sésﬁs%d in

prepared by supporting a ne compound an

coRBrRpYBIMELRReARNt TstRativa BYhAY] l&@iﬂélﬁpe Ziegler—tgge solid
so be used.

Combi nati"ons of these 10 catalysts may a

[ &takistsVformed bprovmhstineiesoHd ééﬁ)&}@ﬁst acomgonent containing

titani um magnesi'um conpoSite catal yst nay be used as

ctitaniy®l, mapesin, 4 BENgEEAnd  ant El%cﬁroepm*okogeférr@d to
Zi egl er-type soli d catal yst. This conposite catalyst

nibglobe agfeatalpst domponeacA')owithtdr apkaHbateAieuRfcompound

15 magnesi um conpound and an el ectron” donor such as

t¢wmpohentvand an[ 8ReklonTdoaor Usomponeti)dand havetaltocdie-type

used to prepare catal yst conponent A are exenplified

bsolid catalysts qgreparsdi byhsuppuartitigea raetdioventatompaund and a
Ti(OR )aX4.a (where R is a hydrocarbon group of 1 to

acatalysh componers bal aggmanalmmcaner. t Eohdihations iof these
nunber such that 0 20 <_ a <_ 4). Illustrative
tssmiayclsalbetusedahal ogenat ed titani um conpounds
such as titaniumtetrachl oride; trihal ogenated
#ytWhati isn compoonlys mafetreds tot hasxya i titariium/magnesium

trichloride and butoxytitaniumtrichloride;
CHAPesith satalysti mayoke tusedmucatatygiocondponentc A employed in
dj et hoxyti t.ani um di chl ori de and di butoxytitani um ]

€ hperRarations odp ao Haeglgertape dselid acrtatysti t adihisn composite
congounds sug}l‘; ag triethoxytitani umch|oride and
tqa@msb@ﬁyt i Whtaimed: ihye; cantacting a titanium compound, a
magnesium compound and an electron donor such as the following.
[0055] Titanium compounds that may be used to prepare catalyst
component A are exemplified by titanium compounds having the
general formula Ti(OR').X,., (where R! is a hydrocarbon group of 1 to
20 carbons, X is a halogen atom, and the letter a is a number such that 0
< a £ 4). lllustrative examples include tetrahalogenated titanium
compounds such as titanium tetrachloride; trihalogenated
alkoxytitanium compounds such as ethoxytitanium trichloride and
butoxytitanium trichloride; dihalogenated dialkoxytitanium compounds
such as diethoxytitanium dichloride and dibutoxytitanium dichloride;
monohalogenated trialkoxytitanium compounds such as

triethoxytitanium chloride and tributoxytitanium chloride; and
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t et raal koxytitani um conpounds such as

tetraet hoxytitaniumand tetrabutoxytitanium These
titani um conpounds nmay be used singly or as

conbi nations of two or nore thereof. [0056] Magnesi um
conmpounds that may be used to prepare catalyst 5
conponent A are exenplified by nagnesi um conpounds

whi ch have a magnesi um carbon bond or a

"RYAER d@tﬁ&ﬂﬁﬁﬁe”célﬁgﬂuﬁmggcﬁﬁﬁ %5 f%@&&étﬁex?ﬁtddlwﬁ and

SI um conmpounds ack reduci ng

\;\%h@?tﬂgﬁh o%ﬁtﬁﬂﬁlﬁlat' a2t Il?'é I Cﬁﬁ%@@iﬂé@ E@ﬁ?@d‘gﬂxﬁly or

reducing a

B¢ dbIRANE S 91'1' v&dr, as 10
di met hyl magne3| um thyl mﬂgnesn um di butyl magnesi um
as buzP neS| um ¢ Iborlf‘jghwrﬂw éif%ahgingggﬁm‘é Eﬁ‘talyst

@ﬁéﬁt Auéﬂé &eemplifieldety aXFRGNas ¢opdifds which have a

al ky?magnesn um hydr1des such as butyl magnesi um

dghegum-eaftsormames or 8 H?did@nabéﬁd and have a

reducing ability may al so be used in the form of

cedpting abilisy nchd whagneiugl ¢onRasdids! %1@151"1&4{”@ reducmg

[0057] Tllustrative exanpl es of ‘magnesi um conpounds

wibility. | alllustrativedescdmplezbof niagriesiirdsorpbandg evtdithchave a

magnesi um conpounds such as nmagnesi um di chl ori de;

abHoeingagabiitym ineludtes dialkplraagrésinnt hesmpranelsi usach as
chl ori de, ethoxymagnesi um chl oride and

tdlnmlyythgagmsmmhl diethylngigakkiuxny,megditsitylmagmesdumds and

such as di et hoxymagnesi um and di but oxynagnesi um and

keghylmagresbany lalicdmagnesivm el glesssuch dssbutylmagnesium
gnesn um stearate. These magnesi um conpounds whi ch

dey educilkyladboxympgnesiune 25 compounds whi shchre as

synt hesi zed, either in advance or at the time of
butylefhoxymagnesiom;A pndpaalkylmagnbgivan kibydrides hoch  as
f&l%?rgagnzegslum hydride. These magnesium compounds having a
reducing ability may also be used in the form of a complex compound
with an organoaluminum compound.

[0057] Illustrative examples of magnesium compounds which lack a
reducing ability include dihalogenated magnesium compounds such as
magnesium  dichloride; alkoxymagnesium  halides such as
methoxymagnesium  chloride, ethoxymagnesium chloride and
butoxymagnesium chloride; dialkoxymagnesium compounds such as
diethoxymagnesium and dibutoxymagnesium; and magnesium
carboxylates such as magnesium laurate and magnesium stearate.
These magnesium compounds which lack a reducing ability may be

compounds which are synthesized, either in advance or at the time of

catalyst component A preparation, by a known method from a
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magnesi um conpound having a reducing ability. [0058]

El ectron donors that nmay be used to prepare catal yst
conmponent A include oxygen-containing el ectron donors
such as al cohols, phenols, ketones, al dehydes,
carboxylic acids, esters of organic or inorganic 5
acids, ethers, acid am des and aci d anhydri des;
nitrogen-containing electron donors such as anmoni a,

TS o SRt B Gpg .01 3¢ 1
[USENEteci gt 0B: PRI TaR. Sl et
e netaie e goT RIS cABNOR Wi BEERglols,phencs

gkeremes| alddlfydy, C@ir ior mgﬁf% I Si i
hydr ocar bon lg;oup ofgsgﬂtlg %%dg%%gfﬁg?ogﬁgt e !o(‘gt %rg@rrgam_(:
nadidsa othefReracidcimided dhd acid <a1ﬂ)5ydridés|; UiitfGen’€ontaining
exanpl es include tetraal koxysilanes such”as

t electront donotsisueheas ARiniasiah ainines 2ARrildand isocyanates; and
tetrabut oxysil ane; 15 alkylfrlalkoxy3|lan¢s such as
nefgayid racidthadddes] | A these! Bldctron dbheiy, SthealiSe of inorganic
butyl trimethoxysilane, isobutyltrimethoxysilane,
tadidtestdrs,; omgandogsid esters arii bthers iprefated! ane,

ethyl triethoxysilane, butyltriethoxysilane,

| 0959 yPreferred oxyoiganie acid tesbersy linchsleh@ilicbh aneimpounds
and di al kyl di al koxysi | anes such, as

chamingythei gendrak formate R28i(ORY)hy | (wWiere lRX 5 |ahgdrocarbon
di but yl di met hoxysi | ane, diisobutyldiqFthoxysiIane,
ogroupoef | tai2@etdrbens ok ankeydrogen atom, R” is a hﬁdrocarbon group
but yl met hyl di met hoxysi | ane, butyl et hyl di net hoxysi | ane,
tofolittpl 28 tdaybonsyearidb tlys létheren idi armuinybeti sudtoxysti 0 atier < 4).
di et hyl di et hoxysi | ane, di butyl di ethoxysil ane,

dilustBtivg| di examples | arnchels di tetrpalkpikysidanesysisuche, as
but yl net hyl di et hoxysi | ane, butyl et hyl di et hoxysil ane _ '
derametioxysianey | di detrasthoxysilane 24 and  tetrabutoxysilane;

alkyltrialkoxysilanes such as methyltrimethoxysilane,

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

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

diethyldiethoxysilane, dibutyldiethoxysilane, diisobutyldiethoxysilane,
di-t-butyldiethoxysilane, butylmethyldiethoxysilane,
butylethyldiethoxysilane and t-butylmethyldiethoxysilane.
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[0060] Preferred organic acid esters include

nmonof uncti onal and pol yfuncti onal carboxylic acid
esters, such as aliphatic carboxylic acid esters,
alicyclic carboxylic acid esters and aromatic
carboxylic acid esters. Illustrative exanples include
nmet hyl acetate, ethyl acetate, 5 nethyl propionate,

et hyl propionate, ethyl butyrate, ethyl valerate,

Ride Igghy I .
e h@?ﬂlbgﬁéfgat e, © ty(l[ g@%o‘%ﬁgs @..{%qe tob%g?{é%{ é@‘ﬁ% and
t . qrﬂl s@ﬁ Cp ot | | [ . | . .
sgggi na{: té,Sh%Iiygt hyl “mal %%lgt%ft%f gblté lgfﬁngﬁ]glﬁ%t%cgc Qfﬁéﬂ'yllc acid
degeid)yaliewd] kPI8E Vi andl (1.t -
di but y| il{?cgﬁm?gﬁ%%ideﬁlﬁﬁg{wsteﬁgaatﬂe‘?mé?? né-%ugt%yékbﬁc acid
PEstBE. at Bladifative SokimpllesP t d
exanpl es i ncl ude unsatIE‘qure gt g%&gﬁ?pﬁlgﬁ ﬂ ?fgﬁaag%yleithcy laézlcgtate,
esfethyl proplomse TRNVE Brbplome d |
aci d y(;strgrg andepht hal i%b g{ing&é’ese?ﬁe?lg@ thg’l :Egh ICIGV crate,
dimetitelr aceylate)oethybrRirglatedmdth ¥
Sl))(arrpyiﬂes %; gt;r?}erg i ncl ude (IJIIilaI zgﬁhg@#g@gﬁcﬁ é belnszoate,
i ybemzdute, ety yioladfesr eth§l i sodhatey ! ethyh ednisgtiea ndti

etm, di i soany! @g}?hg, rnet‘leﬁt)l/-l?'I but yl Zt?ﬁe?, rreltsﬂﬂ)??r%ethyl
| ameiydtept dibutghdseddinhte, sdiethyl ehdlenate, Prdibefylednalonate,
exanpl es include dibutyl ether and diisoanyl ether.
[diagethyl inhaleategtdibatyd xmabiate, diethybitaconate] dibatyil desconate,
i ncl ude nmono- and pol yfunctional carboxylic acid
hdiethids , pthatates di-npbuatyilc plthblaty| iandacdiisobigtyl phthalate.
hal i des, alicyclic carboxylic acid halides and

ed exarypleslinchule unsatiirated .alipHatict carboxylic acid esters
exanpl es i nclude acetyl chloride, propionyl chloride,
ol 38 mekhasrylie, acid lestery, and maleiteacidoesyérsydnd phthalic acid
chl ori de met hacry] oyl chloride, benzoyl chloride,
testersy| Fiwhalic aeid diestary lare omdrerprederredcci ny |

mal.onyl chloride, naleyl chloride, itaconyl

| ori ,
%Oéﬂh 3&@1@’&%@ gramplasy pf wthers saclude ediallodd ethexspdush as
i pcl.ude arommti c carboxylic acid chlorides such as
Gﬂﬁ%& efgﬁr,gﬁlbjgyl t%h@royf{nsﬂhutyl @themddianwy! ether, diisoamyl
ether, methyl butyl ether, methyl isoamyl ether and ethyl isobutyl ether.

Preferred examples include dibutyl ether and diisoamyl ether.

[0062].Illustrative examples of organic acid halides include mono- and
polyfunctional carboxylic acid halides, such as aliphatic carboxylic acid
halides, alicyclic carboxylic acid halides and aromatic carboxylic acid
halides.  Illustrative examples include acetyl chloride, propionyl
chloride, butyryl chloride, valeroyl chloride, acryloyl chloride,
methacryloyl chloride, benzoyl chloride, toluoyl chloride, anisoyl
chloride, succinyl chloride, malonyl chloride, maleyl chloride, itaconyl
chloride and phthaloy! chloride. Preferred examples include aromatic

carboxylic acid chlorides such as benzoyl chloride, toluoyl chloride and
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pht hal oyl chloride. Phthal oyl chloride is especially
preferred. [0063] Exanples of nethods for preparing
cat al yst conmponent A include the follow ng. (1)
Reacting a |iquid magnesi um conpound, or a conpl ex
compound of 5 a magnesi um conpound and an el ectron
donor, with a precipitating agent, then treating with
a titanium conmpound or with a titanium conpound and

a r.

B RS BRloy] R bite s SSheclafIPPRERIE,

CLOUB3\NExafihles 6f eﬁ%ﬂ%ﬂﬁ%&”gﬁ%ﬁ%ﬂ%ﬁt&a élljggxtfﬁ:gbr{lent A

compound or ‘'wth a titanium co

dﬁm&defﬁaf(ﬂmiﬂg]g a liquid magnesi um conpound with a
liquid titanium Tonpound in the presence of an

e eadtirt® Adqui ' ' I B¢ g '
P kAT fesini ColpBunt BF it bl eStnpdund of

r g agbznesinny Goshpolidi AT ann elBdAf dohbr, Wdth O préeipitating
n

(3) above with a titanium conpound, or with a

eaganit| chedotreatingdwith td titahiithC eRPOURd (1) Withed e@nium

in which a solid product obtained by reducing an

atdmpyptintd amdan elseh@mdonwart h an or ganonagnesi um
compound such as a Giignard reagent in the presence

df2)éfreatipgrosolid awgresinnwunpouhdyomng caniple dopmsoinsd of a
treated with an ester conpound, an ether “conpound and
tgalchimagnesinar ompeimd (@@d Anreldetebri onoire with s® ! titdnium
product obtained by reducing a titanium conpound with
@0mpgund o gvith iatitaniumaompound hadaresketrenadomur.

or ganosi | i con conpound or an organosilicon conpound

a(ﬁg Beactingra Jiquidnpoagnesivmt cempatirnd withi agliquid titanium
order, a_mixture of an ether conpound and titanium
teamnpewndr inddhe f praseneel of amn ebeciron odemor artb inducing the
precipitation of a solid titanium complex.

(4) Further treating the reaction product obtained in method (1), (2) or
(3) above with a titanium compound, or with an electron donor and a
titanium compound.

(5) A method in which a solid product obtained by reducing an
alkoxytitanium compound with an organomagnesium compound such as
a Grignard reagent in the presence of an organosilicon compound
having a Si-O bond is treated with an ester compound, an ether
compound and titanium tetrachloride.

(6) A method in which a solid product obtained by reducing a titanium
compound with an organomagnesium compound in the presence of an
organosilicon compound or an organosilicon compound and an ester
compound is treated by adding, in order, a mixture of an ether

compound and titanium tetrachloride, followed by an organic acid
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hal i de conpound, and the treated solid is subsequently
treated with a mxture of an ether conpound and
titaniumtetrachloride or a mxture of an ether
compound, titaniumtetrachl oride and an ester
conmpound. (7) A nethod in which the product of the
contact catalysis of a netal 5 oxide, dihydrocarvyl
magnesi um and a hal ogen-cont ai ni ng al cohol is

B o SO R et it
PR R S SR R bt o
NZg BEferdHm | ﬁtaﬁiuﬁﬁeﬂﬁgﬁlv?aﬂ gllrl]&i afl'es

al koxymagnesi um’i's contacte elec r°§r¥n88‘ﬁ%‘,i-

OO T IR U RRORICITR! Y, OHAt? ol AT & metal

(SXidE Hbaehdabey biAd e haldedilbofta; -
(1) to (8 OboaPoyF SRS %‘S‘é?q‘aa“ﬂ%?‘éégﬁfaé‘gﬁ*%ﬂﬁi’h°l 1s
atorgActRdo RFith Carh b 2and ‘Htaﬂmﬁh i
nmet hods for prepgérliéﬁga%at&grll?/%t co%gonent ,&@gtgﬁ'ggk either
(folloveingd) trédtendtite fpithe & Hél@?énﬂﬁﬁ ogseff Of CRARILORuch
are generally all carried out in an inert gas
dreatapEmr e, such as nitrogen or argon. [0065] In the
preparation of catalyst conponent A the titanium 20
(8)romethodrigawhiiH 2 nagsesinorosmpindsiih &PHOMIGnesium
are preferably used after dissolution or dilution-in
saltuof atnl ergaiceatid ot lans hlladtynagmednnl ¢ cobtadted with an
sol vents include aliphatic hydrocarbons such as

deqirasnd aditantumndonpoand, tterafoltowing treatment
hydrocar bons such as toluene and xylene; alicyclic
wyidh ackalbgesating hgent oy wiitivert aueh tBfatmenby| cyci ohexane
and decal in; and ether conpounds such as diet hyl
é9ndirgating thy compaund obtainedhih anyhef meettods (1) to (8) above
t et rahydrof uran. 27
with a halogen, a halogen compound or an aromatic hydrocarbon.

[0064] 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.

[0065] In the preparation of catalyst component A, the titanium
compound, organosilicon compound and ester compound are preferably
used after dissolution or dilution in a suitable solvent. Illustrative
examples of such solvents include aliphatic hydrocarbons such as
hexane, heptane, octane and decane; aromatic hydrocarbons such as
toluene and xylene; alicyclic hydrocarbons such as cyclohexane,
methylcyclohexane and decalin; and ether compounds such as diethyl

ether, dibutyl ether, diisoamyl ether and tetrahydrofuran.
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[0066] In the preparation of catalyst conponent A, the
tenperature of the reducing reaction which uses an

or ganomagnesi um conpound is generally from-50 to
+70C. Fromthe standpoint of catalyst activity and
cost, the tenperature is preferably from-30 to +50C,
and nore 5 preferably from-25 to +35C. The dropw se
addl tion time for the organomagnesi um conpound, while

0 neéégl r? ‘E];le ?‘i‘eg%étlﬁﬂr%f Eb’iaﬁst éc}rﬂbh@ oA, Zthﬁ temperature of

EIL QMﬁkﬂngofgﬁc bhoﬁrlﬁéh tl.t’%srﬁ‘ilm oﬁia%‘h%%ﬁﬂn compound is

sequent “react1 ons carrrFead

f 0
Sl enf 501300 0 Ko AMRfadi o Loy acivie
rmtdﬁﬂ tﬁ%ytaﬁpe%?%gee £ 13%fei‘£b1>rhﬂoﬁf €30! e+9f)°@ and more

por ous rmat er | a an | norgani c OXI

ﬁﬁﬁf&bl?oﬁ%ﬁl?f .250tAsIPC! 'Tl‘l’etél&% d%dcﬁ'h%ﬂ“ﬁ}né Yor the

|n'pregnae|ntothe por ous mater1 al por ous

lofth£gn dRiihe 'cRhpolad,e whild' Sov 0§ ctatt a Ba?%gpartlgular

|us of- from 20 to 200 nmof 15 at ast
ahnﬁmiroag eispgehefdlly Frém @bout 0% SmifuRQ0tdn abd;cit"’“'HZI Bdurs.

of porous indrgani ¢ oxides include SI 2, Al2

TF6Rowidg Gbrapletiopmedsthecraticig felBtieA! suEé rﬂsréhﬁztlons

por ous polyners i ncl ude pol ystyrene-based pofous

poky e carsied owtsatRolensperanne ofifdlom 20 to 120°C.

styrene-di vi nyl benzene copol yners; pol yacryl at e- based
@069 120 thel preparationh of s carltystt kynperedtats, thet beducing
acryl ate-divinyl benzene copol ymers, polynethy

meabtion yhay beacairiedtdutlin thetpresendead £a Piorony nfeteziaheuch as
copol ymers; and pol yol efi n-based porous polyners such
aan pogany| exide er layl emgamiet pplyraer \Woans wopdloyvehe solid
and pol ypropyl ene. O these porous substances, SiQ2,
Arpdsctinlimpegnate énto- thevporpiusematerial c ofaichnporousrmaterials
preferred. [0068] The organoal um num co qgound

quefrablit havea porervodunesat 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,Os;, MgO, TiO,,
ZrO, and composite oxides thereof. Examples of porous polymers
include polystyrene-based porous polymers such as polystyrene and
styrene-divinylbenzene = copolymers; polyacrylate-based  porous
polymers such as polyethyl acrylate, methyl acrylate-diviny! benzene
copolymers, polymethyl methacrylate and methyl
methacrylate-divinylbenzene copolymers; and polyolefin-based porous
polymers such as polyethylene, ethylene-methyl acrylate copolymers
and polypropylene. Of these porous substances, Si0O,, AlLO; and
styrene-divinylbenzene copolymers are preferred.

[0068] The organoaluminum compound component used in the
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preparation of a Ziegler solid catalyst has at | east
one al um num carbon bond on the nol ecul e and nay
typically have one of the following general fornulas.
RANMALY3 , 5 RSR6AI-C-AIR R$ In the above fornmulas, R4
to R8 are each hydrocarbon groups having from1l to 8
carbons, and Y is a hal ogen atom hydrogen or an

al koxy group. R4 to R8 may each be the sane or

oA e i StaF B AR B Sl cabon

0 Ny! 0 [ :

¢ PPET S AL THIDICANE Tad ey BRMEAy, 1BVeh B of; the following
tgéﬁéﬂp%&hﬁfagm num di al kyl al um num hydri des such as

dret hyl al um num hydri de and dii sobutyl al um num

hydr i deR4mAlY5_§,y| al um num hal i des such as
di et hyl al'um num chl ori de and 15 dii sobutyl al um num

chl ori dRPRPAKLOL R8a trial kylalunminumwth a
di al kyl al um num hali de, such as a m xture of

thi elidnabehveriorinles, R? @ REareadath ﬂ?ﬂi@éﬂrﬁbhdgﬁ()\?@dhaving
al kyl al unoxanes such as tetraethyldlal unbxane™ an

tBohRluty Bdeabuonbxané Y Gb 4 haRzencA@mi OBy dfogeétor an alkoxy

conpounds, the use of a trialkylalumnuny a mxture 20

ofroupt 1 i RY oy RE| i wach e thessaine o differetnUrA 149, tieletter m

or an al kyl al unoxane is preferred. The use o

tisi eetntidbel sath that 2 Krmi<sgbut yl al um num a m xture of
triethylalum numand diethylal um num chloride, or

Earplcs”ch the SLEE1Foy donor SormSnen Beed | n SHETe e
xmpepentatincludef traalkiytallimrinanis ducht as yistethylalwdénirhe and
foll ow ng coomonly used el ectron donors:
dx'gigﬂmty%iuminm el etiatlgrlabonimmsucrhydrid®® 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
tetracthyldialumoxane and tetrabutyldialumoxane. Of these
organoaluminum compounds, the use of a trialkylaluminum, a mixture
of a trialkylaluminum with a dialkylaluminum halide, or an
alkylalumoxane is preferred. The wuse of triethylaluminum,
triisobutylaluminum, a  mixture of triethylaluminum and
diethylaluminum chloride, or tetraethyldialumoxane is more preferred.
[0070] Examples of the electron donor component used in the
preparation of a Ziegler solid catalyst include the following commonly

used electron donors: oxygen-containing electron donors such as
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al cohol s, phenol s, ketones, al dehydes, carboxylic
acids, the esters of organic or inorganic acids,
ethers, acid am des and acid anhydri des; and

ni trogen-cont ai ning el ectron donors such as ammoni a,
amnes, nitriles and isocyanates. O these electron
donor conponents, inorganic acid 5 esters and ethers
are preferred. [0071] Preferred inorganic acid esters

SO SRS RO U8 o o

tefﬁ #flc flheiﬂga:g& R dh‘/ 188 a8k é(?}%soaﬂ(f a8id anhydrides; and
Pm: | thﬂﬁ% r%oeﬁ:c oﬁ ddn H Eﬁfﬁ Fﬁf‘r@é% B 1§1e§0n1trlles

tetra xys ane,

t&ﬁ& 1@6&5 el opf 1HkERE 'd?ﬁ%r components, inorganic acid

dicyclo enty di met hoxysiane an

Cy%@ﬂmbﬂ{é}y&%gﬁ silane. [0072] Preferred

et hers include di et hers, and diether compounds

Rg 0719 Brsfefred ih@i'gﬂihé‘ acid eéte%% ﬁch siiddis Egﬁﬂﬁburﬂdsléf the

aln the abovgeforrr:ljoa H? are eac
| petepah éemibd R°ISi(OR
hgdrocar bon, ary&{)(;9 ar)g;\l &Wkgfougggﬂﬁﬁ&bcaﬁdﬂ%ﬁﬁoﬂm

c20 barbons bt ok dgenoatoﬁi,ZRﬁ"ais aqlﬁrawﬁaﬂﬁgr@up)ﬁf 1to 20

Illustrative exanples include dibuatyl ether?

etdrbons28n@ tBe déit&oR Us uch that 0dk mskh?w F’I‘lﬁﬁﬁ%lv%rékamples
2, 2-di cycl opentyl - 1, 3- di met hoxypr opan [0073

timehedeel ect ron dmbmon?ﬂm s, an or gétﬂgtfm%thoxysﬂane
compound of the general fornula RL5R16Si )2 is
etepebill4ny-propyldimethoxysilane, dlcyclopentyldlmethoxysﬂane and

-q

cyclohexylethyldimethoxysilane.
[0072] Preferred ethers include dialkyl ethers, and diether compounds

of the general formula
RII
|
R*®*0—CH,—~C—CH,—-OR!*
|
RII

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

[0073] Of these electron donor components, an organosilicon

compound of the general formula R“R'Si(OR'), is especially
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30 preferred. Here, R15 is a hydrocarbon group of 3 to

20 carbons in which the carbon atons nei ghboring the
silicon are secondary or tertiary. Illustrative

exanpl es i nclude branched chain al kyl groups such as

i sopropyl, sec-butyl, tert-butyl and tert-anyl;

cycl oal kyl groups 5 such as cycl opentyl and

cycl ohexyl ; cycl oal kenyl groups such as

CHFIERRAL e Pibie, Y 4 YW hYHAMRTHOHC efey d i
tglyl. I'n th%g’qsornula,9R16 |Eég %& ocar gh gpaﬁ%bg 510
1vﬂﬁcl¥0t}fearcla?5?n Mﬁﬁﬂ@ﬁ h¥6ring¥ #e ! §ificeh W econdary

i ncl ude straight chain gﬁE&P grgups such as net-yP, or

etdrihry. PT DIRYStratPr Y¥xaniisleR eiticthde tranehed &Y@h”?wggﬁoups

groups such as 10 isopropyl, sec-butyl, tert-bu

: "
ich éMéopr@}S?l,Oﬁcth?@,lr Wﬁugg%cgﬁerg?ﬁg}{'}g Fggledr?t]lg_?]‘];%oups

cycl ohexyl™; tycl oal kenyl grou

agwtharag cgfc%iﬁ@lt%licéhcﬁscj&ﬂ@h&kyﬁndyéRﬂaYkenpy‘}JogQ?u?% ézﬂg,‘h as

above fornul a, 7 is a hydrocarbon grou

ceydlopentenyl; iandpaeylegablips asudhy @"soghfehglg atidouelydf In this

to 5 carbons. Illustrative exanples o

ofgamslaj [R'€ois g dnpdrendebdrhairoupyoPd 46 €20 aarbond) illustrative

el ectron donor conponents |ngPude
ta(amFlﬁsydaf whickpuchideesthraight ichaire alkyl groups such as methyl,

di cycl opent yl di met hoxysi | ane and

csthiybhprophds foyityll emtdhpentyl;] brenchedO0Rdin kikylhgroups such as

preparation of a Ziegler solid catal yst, the

asgpropsly secvbutylo terddutyk anfdertramiyl; exssidaikyl @roups such as

anmount, per nole 20 of titaniumatons in catal yst

oeyredopentlyl andatychelnesnydl cycloatkerntyligroups Gachras axlopentenyl;
preferably from5 to 800 noles. The el ectron donor
andrgroups stish asmphenghand tolyber Adsbeirthe abave formula,
atpns in catalyst conponent A, of generally fromO0.1
tl "21@ohydrasarben egrougof ¥ rton20. garbons, andoistpreferably a
nd, nore preferably fromO0.5 to 800 noles. 25 [0075]
dipgarbar ngrewentofa 1 tiee Sreptbonasuni Hiwsteativgo examples of
conmponent and the el ectron donQr component may_ be
yrgagasilicapnocompounds that may be used as such electron donor
components include tert-butyl-n-propyldimethoxysilane,
dicyclopentyldimethoxysilane and cyclohexylethyldimethoxysilane.
[0074] In the preparation of a Ziegler solid catalyst, the
organoaluminum compound component is used in an amount, per mole
of titanium atoms in catalyst component A, of generally from 1 to 1,000
moles, and preferably from 5 to 800 moles. The electron donor
component is used in an amount, per mole of titanium atoms in catalyst
component A, of generally from 0.1 to 2,000 moles, preferably from 0.3
to 1,000 moles, and more preferably from 0.5 to 800 moles.
[0075] Catalyst component A, the organoaluminum compound

component and the electron donor component may be brought into
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31 nutual contact before being fed to the multistage
pol yneri zation reactor, or may be separately fed to
the nultistage polynerization reactor, then contacted
within the reactor. Alternatively, any two of these
conmponents may first be contacted with each other, and
the 5 renmai ni ng conponent subsequently brought into
contact, or the respective conponents may be brought

Rhftudl SO Meite, BrifiePiet Yol the  Bulisiet holymerization
AT YL Tt Ea—
&Faabﬂﬁ, ftRéh %Iﬁgc&ﬁ”tﬁﬁ infﬁéniﬁa%toﬁx'\ﬁltgﬁ}éctﬁ)%%{é??@! tg\go of

is atransition netal, x 1s a nunber

tihese %cggpgnﬁﬁ{se Ofirst NBe t Eiadield® %B?t@%cq%t&%lg dnd the

is ali attached to the transition neta

| R4 e ' Iﬂﬁ{@ haying

cycl 0|Io]en agiée yc{lﬁghﬁelsg?%érﬂue?&%%?? tt ?fai\tndgi ‘f%tﬁ&réretogl the
MekBedti i
HePPedIies SoRnents Ridyhe PRIMEIIHRS muthl confib I 8 plurality

rofediedddd poitidmi um  zi rconi um or hafnium [0078]
Li gands L having a cycl opent adi enyl skeleton are

40076l iEXﬁﬂgle?éO dfy nielloténdlt @sthpbYyats pﬁigt‘t a8 e used to

groups, (substituted) indenyl groups an

(rrepate tthe etetallocurRPtyped solids catdlysts includy e tranSMIE Snetal
i nclude cycl opentadi enyl, nethyl cycl opent adi enyl,

toempdundsd of theofisl idweitigepsmeral Goriealay| cycl opent adi enyl ,
tert-butyl net hyl cycl opent adi enyl ,

met hyl ilsdir opyl cycl opent adi enyl ,

trimet hyl cycl opent adi enyl, 25

ntthefo &M spetranditenyinetal, x is a number which satisfies the
pent anet hyl cycl opent adi enyl, indenyl,

atoms; valenccaof thetransition nistakMyinddeisyh ligand attached to
3- net hyl | ndeny
the transition me

tlai. At least one occurrence of L is a ligand having a
cyclopentadienyl skeleton. |

[0077] The transition metal M is preferably an atom from groups 3 to 6
of the Periodic Table of the Elements (IUPAC, 1989), and more
preferably titanium, zirconium or hafnium.

[0078] Ligands L having a cyclopentadienyl skeleton are exemplified
by (substituted) cyclopentadienyl groups, (substituted) indenyl groups
and (substituted) fluorenyl groups. Illustrative examples include
cyclopentadienyl, methylcyclopentadienyl, tert-butylcyclopentadienyl,
dimethylcyclopentadienyl, tert-butylmethylcyclopentadienyl,
methylisopropylcyclopentadienyl, trimethylcyclopentadienyl,
tetramethylcyclopentadienyl, pentamethylcyclopentadienyl, indenyl,
4,5,6,7-tetrahydroindenyl, 2-methylindenyl, 3-methylindenyl,
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32 4-nmet hylindenyl, 5-nethylindenyl, 6-nethylindenyl,
7- et hyl i ndenyl, 2-tert-butylindenyl,
3-tert-butylindenyl, 4-tert-butylindenyl,
5-tert-butylindenyl, 6-tert-butylindenyl,
7-tert-butylindenyl, 2,3-dinethyindeyl,

4, 7-di et hyl i ndenyl, 2,4, 7-trinmethylindenyl, 5

2-met hyl - 4-i sopropyl i ndenyl, 4,5-benzi ndenyl,

2 TR SRR nderyP GRS SRRy, 7rmetpindensy,
2 : hyl i VA I, tort. :

Zzgfeg:gunlg?ﬁwﬁggr Zn;”nc?% -b(]tlllfd-’ }tilg‘?%fjt yl fl ﬂotre gn?\]tyall}}néj enyl,
sgheib adgln [,Sions @;eﬁ gﬁgg&gn(yl' n cas ?gtewﬂsﬁf‘yﬁndenyl,

there ar rality of lig havi ng

cy3-giieftadh@eyll sk yjgand v ;
mutual Ty i kgémbr uﬁ{’%ﬁ)eﬁog%%fﬂglgand?’{’qo?ﬁgsthy %glr? enyl,
t Dafetlind - Hhaesylt adi enyl skeleton arg 5. i
exenplifie gc}ﬁ%t erglgjfom beari ng groups, haiqbsgé)SMdenyl’
apqnethaddl, ShezdsderBAN 49pRepalinders/1 U 2L Aty s intiényl
a cyc}kggent adi ene-trgge l_3[5 ani on skel etorﬁl;j& [3%%%?! w5
amﬂgs-theﬂyliﬂ@éwlp at QuimigthyRe-huptehpEhdeniear iffgorenyl,
group inc ude oxygen, sulfur, nitrogen” and phosphorus

a2 Jrdiméhyiflgorenyd, afg-dicesnpbutyHhdrengl koxudgr osibstituted
aryl oxy groups, thioalkoxy groups, thioaryloxy

gversjoms af klyé above. ginupses aviyérenthege are lapplur&ﬁg/ of ligands
al kyl phosphi no groups, aryl phosphi no groups, an

ahavingi a cpclopenfddienyl skelewmdliesd ligands psayhbeimotily like
the ring at least one atom selected from anong
ooaygrlike.sul fur, nitrogen and phosphorus atomns.
Illustrative exanples of the hal ogen atons include
10079 Heigants dr iother thamtheseahavinigodioyelepentadichlyé skeleton
hydrocarbon, groups are exenplified by al kél' 25

aral rxempdifiad by heteeoatonmzbearing pongid Malogen atoms and
l.igands L may be direct|ly linked to each other or
hydrocarbon groups (excluding groups having a cyclopentadiene-type

anion skeleton).

[0080] 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, thioalkoxy groups,
thioaryloxy groups, alkylamino groups, arylamino groups,
alkylphosphino groups, arylphosphino groups, and aromatic or aliphatic
heterocyclic groups having on the ring at least one atom selected from
among oxygen, sulfur, nitrogen and phosphorus atoms. Illustrative
examples of the halogen atoms include fluorine, chlorine, bromine and
iodine atoms. The hydrocarbon groups are exemplified by alkyl,
aralkyl, aryl and alkeny! groups.

[0081] Two or more ligands L may be directly linked to each other or
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33 may be linked through a residue containing at | east
one type of atom selected from anong carbon, silicon
ni trogen, oxygen, sulfur and phosphorus atons.
Illustrative exanples of such residues include

al kyl ene groups such as nethyl ene, ethyl ene and

propyl ene; substituted 5 al kyl ene groups such as

di met hyl met hyl ene (i sopropyl i dene) and

glh%srleg% g%&% %l?%?&@ﬁhgégﬁ?:% Tg{:%giif{lg;#tgﬁéés{ Yr2%ype of atom
TR oy Aol AT ERT nyrpegh:. eavesy sulfur and
s e e I e

HIRTISH BRI A s BRRBIRAG, REeng Akl BRIV TEAE  ituted
PRI ins st a8 i ARgRALH Yne | (sBbiditlidenc) and
Pyl oty T s o
gt <01 1 S, G
eetrahenhb]disilyleasyand i diarthegysilyBher hfl8. heteroatoms such as

di met hyl si | yl'enebi s(trimet hylcycl opent adi enyl) zirconiu

gnimﬁglehpgoﬂyg%ﬁ,o Slilfiat MHd | posphrus (i ndnthegd, " easihyRne,
i chl'ori de an

dithpleme) sidisiathpimethsiénd cyioprepyhdisely! )dighBngiméd¥lene,

-butyl - 2- phenoxy) titaniumdichloride.” Additiona
akimgthylsilybene)de codisthplidlylensyhi ch dipiemilsitylenede  and
has been substituted wi th di nethoxide or di phenoxide
glimethoxypsilylensare €spedially preferrgahnent s t hat may be

used in the preparation of netall ocene-type solid

d8082Y dilusirativedecexangplesal ofi metadpcene 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,

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

[0083] Cocatalyst components that may be used in the preparation of

metallocene-type  solid catalysts include organoaluminumoxy
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34 conpounds, organoal um num conpounds and boron
conpounds. [0084] Illustrative exanples of the

or ganoal um nunmoxy conpounds i ncl ude
tetranet hyl di al um noxane, tetraethyl di al um noxane,
tetrabutyl di al um noxane, tetrahexyl di al um noxane,
nmet hyl al um noxane, 5 ethyl al um noxane,

but yl al um noxane and hexyl al um noxane. [0085]

| b RN RO GRSl

ylal'um num alum num
{ [Q0SHIHINS AR SimplEs of HRE) et diony. compounds
DRichde O aribiiSludhoxane, | | tetracthyldialuminoxane,
| RitbapR ok ahePafitely Miaifingtane, methylgluminoxane,
P Auiiiciolat busldlinfib.ae 4 hexylglumingxane.
JOUBS] THatve, ekbiple ol Srpltflufihlfh RBA6RIGS Include
R oxi doct K anifAIP! 2 elnbuGlauminum,

ZirfiEobutyf¥lunBitiz afd Gi-dMexyRilGhiAtdm(h02; clays or

clayey mnerals such as snectite, nontnorillonite,
HOO38] i Hiustrativeni t exanglesapodit ebordl UdEAPbAnds  include
po]yners such as pol yethyl ene, polypropyl ene and 20

Sitris fuorophedydizeraaecopol yner. [0088] triphenylcarbenium
Met al | ocene-type solid catal ysts that may be used

| tetrakii{pehtaskiorophenyl)ed i n, bbrategxanpl gri(dinayBammonium
Pat ent Application La?d-open No. S60- 350(()6, Japanese
Retrakis(peptaflustrophenyl) d- oberatélo. &itd- 358N -dindethgtes Einium
Pat ent Application Lal d-open No. S60-35008, Japanese
Retrakis(pantafiviorophényl) barateopen No. S61- 108610,

Japanese Patent Application Laid-open No. S61-276805,
JR087$ sEhegranulasppadriext that ayd bepasedidn the preparation of

metallocene solid catalysts is preferably a porous substance, illustrative
examples of which include inorganic oxides such as SiO,, Al,O;, MgO,
Zr0,, TiO,, B,0;, Ca0, ZnO, BaO and ThO;; clays or clayey minerals
such as smectite, montmorillonite, hectorite, laponite and saponite; and
organic polymers such as polyethylene, polypropylene and
styrene-divinyl benzene copolymer.

[0088] Metallocene-type solid catalysts that may be used include those
mentioned in, for example, Japanese Patent Application Laid-open No.
S60-35006, Japanese Patent Application Laid-open No. S60-35007,
Japanese Patent Application Laid-open No. S60-35008, Japanese Patent
Application Laid-open No. S61-108610, Japanese Patent Application
Laid-open No. $61-276805, Japanese Patent Application Laid-open No.
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35 S61-296008, Japanese Patent Application Laid-open
No. S63-89505, Japanese Patent Application Laid-open
No. H3-234709, Japanese Translation of PCT
Application No. H5-502906, Japanese Patent
Application Laid-open No. H6-336502 and Japanese

Pat ent Application 5 Laid-open No. H7-224106. [0089]
When a netal |l ocene-type solid catalyst is used in

0861120600, YIHanesé | Pitent rﬁﬁg@éagk%gtmar@%}? No S S%h-géesos,

an organoalum num conpou ron conmpound mnay

URithnie88 e Pafint! TAPSKEERGH yLFjdlopéﬂc Ntﬁ.a%%*zﬁm Japanese

met al | ocene-type sol i d catalyst and the cocatal yst I

COrRRNaen N8y P@beﬁggﬁbaﬁﬁhowt 35 - FPT0RS ¢ Jﬁﬁdrférsetb‘l”atent

being fed into the [ ymerization reactor, or may be

sAppliehtlon [4id-opsroNd) He6-BII6H0 Afd Tadhese Fdtent éﬁ)lication

contacted within the reactor. Alternatively, th

rkesigdeebeny N HPAIA(H,. ey be brought i nto nutual
contact in a plurality of divided portions. 15 [0090]

TI0O 894 sWheepna patetaliocerd-eyRs adolif édialyaboise wiee ioiﬁ olefin

pol ymeri zation catalyst is generally from5 to 150 m

| polgnygaizatiag ea ayalyst semponertagich dsnaﬂaéxganbhhnninum
to suppress the scattering of particles to the

raanpound trey boron compoutidsmagibecuse toetheciftridcgssary. In
having a mass nean particle dianmeter of preferably at

|sewht casesy thedmetalioMeptypicersalidy cataliystasindl Ghen cobatalyst
pol ymeri zation catalyst in the present enbodi nent nay

ioeenparenidaiayi be breught istoarmfutualdeamtact priar doameingnfed into
antistatic additive. Together wth the polynerization
dhealpalymerization preastor; enbaiyrebe, separaeiyt afed uido the
may al sp be made of a chain transfer agent such as
mtéymyman@n reastoruand sentacted yithini thg reaetor25 Alternatively,
| ecul ar wei ght of the polynmer. [0091] The ol efin .
EB# VieSpective (iorapenentst mayy bpebrought cisito emtutual contact in a
plurality of divided portions.
[0090] 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
mass mean particle diameter of preferably at least 10 um, and more
preferably at least 15 pm. The polymerization catalyst in the present
embodiment may include additives such as a fluidization aid and an
antistatic additive. Together with the polymerization catalyst of the
present embodiment, concomitant use may also be made of a chain
transfer agent such as hydrogen for the purpose of regulating the
molecular weight of the polymer.

[0091] The olefin polymerization catalyst may be a so-called
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36 prepolynerization catalyst which first induces
polynerization in a small anount of ol efin. Exanples
of olefins that. may be used in prepolynerization
include the olefins that may be used in the
above-descri bed polynerization. In this case, a single
type of olefin 5 nay be used alone, or two or nore

di fferent ol efins nay be used together. [0092]

Ivﬁcl udgn{ee{)ut are n ' mﬁgg@?m’d{f‘c{ 3ﬁ:ﬁ§>}yﬁ{ér&%tti%nyﬁfasmau
R o e 3% ol YHARS | Y ey Che, ugpd in

these slurry polynerization I's pretrerre

hdkiZAtion" iR Rf&é‘?tﬂ]%” dlégﬁeff%wﬁgagc%o%&e% ' the

adv ntageous. PTO uction ma e carri ut” usi'ng a

babeve-dsirshed wymeiﬁtaﬁantmﬁ thiy Y88 Q'siflg %@Weﬁn

system |[0093] "The nass mean par e di arre

mﬁgobhnaséd HlbAY, oAb VSt mér&‘%l?ﬁ‘é?éﬂtygféfﬁfg §n£39 be used

I na gas phase pol ynmeri zati on reactor
tlmﬂar to mnimze scatter to the exterior of the
reactor the mass nmean particle dianeter is preferably

a{tOOQQ:}SMeiHoMoﬂWodﬁém tHeepps h;ﬂilgirhe’ﬂzdtﬁ?ﬁbat]ﬂyﬁ”include,

Moreover, it is desirabl e for™t nmount o

tetpodnerenot alingited ate)] yslurhav Weﬁ%ﬁhbﬁ' Cartl] a@%erphase

of less than 20 gm and especially less than 10

tpolymerimatiozD [OﬂH{}seTlsherpF phegiehtion i§ preferfdd. Imi"f'he use

be i ntroduced into the reac as a suspension in a
rofd the datben is oproduction ishsohigkitned condusitally Mvantageous

entrai nnent with nmonomer gas or an i nert gas such

rfnodugtioni may| so caproed idut a1sif® Q%éltcliesststemz o Qém%atéhftype

produci ng polyolefin in such a systemis
$ystam [ord coritasjusriyséem, pol yol efin particl es

containing a catal yst conponent

0093] The mass mean particle diameter of the prepolymerization
catalyst is generally from 5 to 1000 pm. In 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 pm, and more
preferably at least 15 um. Moreover, it is desirable for the amount of
prepolymerization catalyst having a particle diameter of less than 20
um, and especially less than 10 um, to be low.
[0094] The polymerization catalyst may be introduced into the reactor
as a suspension in a hydrocarbon solvent or the like. Introduction by
entrainment with monomer gas or an inert gas such as nitrogen is also

possible.

[0095] Next, a process for producing polyolefin in such a system is
described.

[0096] First, polyolefin particles containing a catalyst component
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37 having polynerization activity are forned in the
ol efin prepolynerization reactor 5 by a known net hod
using an olefin polynerization catal yst. [0097]
Separately fromthe above, an olefin-containing gas is
fed via 5 1ine L3 0 into the cylinder 12A in the
ol efin polynerization reactor 10A, the pressure is
rai sed to polynerization pressure, and the interior of
t havingy| | pelyindrizaticn heaétesity Thardol Yomhed at 1P the olefin
pressure, ich may be any pressure within a range at
Wprepblyhferidation” reactoaPrsbly of Bewd nﬁtﬁ%ﬂ”hs%g&? olefin
reactor as a gas phase, is“generally from stan :
ppeBatiedzdtion eatlydPaQ preferably from0.2 to 8 MPac
and nore preferably from 0.5 to 5 MPaG At a
p r Separatelyrfroas the dirhvel anl alm-doRfHARY i i
p?c%gﬂtivﬁﬁy rrgy decrease. On the ot herﬁwand, tasaﬁihj%d via
r iae Tidhintprtheuylimdep d2A 10 thdale fixsl pobyraetizatieh Sehstor 10A,
the reactor may beconme high. The pol ynerization
t theppresswureeisvaiseeh toapobyrderigation tpressurecand tAé interior of the
mononer, the nol ecul ar wei ght of the product and ot her
f eylinder, 12Al ishhegteda tEp polymeeizationvpidasurs;| whith may be
point of the olefin polynmer, and preferably at |east
14wy |pressure henithithea mehge ray whiich ,thesolk€si isilwapable of being
Specifically, the tenperature is preferably fromO to
1pesentioy the neacfarasa gas phasedstgentfdlly from starederdpressure
preferably from40 to 20 100C. It is preferable to
cter 19 Mﬂﬂép prefesablyafroon 0ihta8 MREG, card morevprieférably from
substantially free of noisture. The presence of
pdour MRali  1ALe polymepigatinnrpressurerbelow stangdard préssure,
pol ymerization catal yst. Also, the presence of excess
ggpRoductidbn mepodearease. c Adnotheliatherichand,t bt ra tieaction
pol ynmeri zation reaction systemnmay |ower the 25

PUESHER] 3Raveo h0 itk aguipmeagicostsxfor thel seactan may become

argi‘i CI]FHQ, haiu ng .a Parti cle dianmeter of frgm
1gh. e 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 point, is desirable.
Specifically, the temperature is preferably from 0 to 120°C, more
preferably from 20 to 100°C, and even more preferably from 40 to
100°C. It is preferable to carry out polymerization in an environment
which is substantially free of moisture. The presence of moisture may
lower the polymerization activity of the polymerization catalyst. Also,
the presence of excess oxygen, carbon monoxide or carbon dioxide
within the polymerization reaction system may lower the
polymerization activity.

[0098] Next, polyolefin particles having a particle diameter of from
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38 about 0.5 mmto about 5.0 mm which have been
obt ai ned separately by a known nethod are fed into
the cylinder 12A through a feed Iine L6 connected to
l'ine L5. The polyolefin particles fed into the
cylinder 12A are nost often particles which do not
contain a catal yst conponent 5 having a polynerization
activity, although the presence within the particles

e T O BB st
parlhu@wﬁmpfot o 519& gnf&%léxéghﬂaef 1&%%&@5*&%&91%(3 L6

line L6 whi I n-containin

t BSnné&eaeﬁﬂm%nLaoneme‘i Iﬁdryﬁs’ryégjh #)h{’t?clﬁofedaﬁw.téhﬂ’l‘é“ cyfinder

G 1, a spouted bed 8 o I'n partlc es is

f QQF&B&eV\fnbEt Bﬂ*e'ﬁg)a[rﬁ@[és' WRIPES ot co Eﬁ%}n ) & ?algﬂd&fmponent

the action of the gas fromthe gas I

t having & PolpmeRiationPactivity, Sathv tHéSPPeséhbé‘tﬁnthm the

particle concentratl on near ihe center ax

cphitivles of24 d £ doRfsdneit Baviag2h %ﬂ?’nﬁéhﬂticﬁ{] activity is

particles flow 15 upward together W|t he gas, and at
t hecepdaplet i ne there also fornms at the periphery
t hereof an annular particle bed 8b where particles

f [0099InWhermuhié ngolede i &'tidﬂl@ raré hfed irtou ehe Q:)ander 12A

gravity, giving rise tot circul atory novenent of

pthrt)ughefeed hhenLtSthnbathe wlefinrsoritzinin g 1044 iOfed mto the
spouted bed 8 has been fornmed within the reaction zone
2kagtiont zonep?$ ythtmiginlineit3 ¢, asslhowhanFI@ b & speutedbed 8
coponent having a polynerization activity that were

fof pelydlafintparticlds is foromed withinzheireactiopaoner25. afhat is,
fed fromline L5 into the cylinder 12A at a constant
rander theraction of thesgas fromethe gasrindet orifice; thaty-formsa spout
operation of the olefin pol yrrerl zation reactor 10A
portipmoda which has a Wéluse particleconeentrationanedrthegzenter axis

Lgf([j a spout portion 8a and svveegs past the particle
eupylirdemb2 Admethedactontzaneyas and in which particles flow

upward together with the gas, and at the same time there also forms at
the periphery thereof an annular particle bed 8b where particles fall in a
moving bed state under the influence of gravity, giving rise to the
circulatory movement of particles within the reaction zone 25.

[0100] Once a spouted bed 8 has been formed within the reaction zone
25, the polyolefin particles containing a catalyst component having a
polymerization activity that were formed in the olefin prepolymerization
reactor 5 are fed from line L5 into the cylinder 12A at a constant rate
per unit time, thereby commencing steady-state operation of the olefin
polymerization reactor 10A.

[0101] Part of the olefin monomer-containing gas forms a spout portion

8a and sweeps past the particle bed, while the remainder of the gas
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39 diffuses into the annular particle bed 8b. In this

way, the olefin-containing gas and the polyolefin
particles containing a catal yst conponent having a

pol ymeri zation activity undergo solid-gas contact,

and the action of the catalyst wthin the polyolefin
particles causes the 5 olefin polynerization reaction

to proceed, resulting in growh of the polyolefin
Paiffusesesintd Neh@ OLmALRIr Hatficld Cheg WA hay e (8O

within the reaction zon:;b 25 aér ebglasc argngt %ug ay, the
tORMACOhEIRNG S59ahd e bORRIeRR pdrefsl cdifhirfing!fRhealyst
spout ed bed gélt% formin it)?llg%_reactrl? on zone 25} Pgﬁ?s ys
18ompohentbhoirldatpdlymdrhiaio 86t e utidehfio SBALEAOBontact,
be satisfied; i~ e’ that the gas superficial verocity
Undeheagtibn! 6f tHe Sataiystrwithad the polvslefitpadittes causes the
superficial velocity Urs at whicha spouted bed is

colefinl pobymefigatibndreaktiondth iprodedd) fé%_ﬁlt&i%ﬁhc owth of the
properties of the powder and” gases being handled, the
rpmﬂPmﬁm iglesr f iThalpolpble€int pativles shatl Bavd Zrown within
infl uence by the shape of the polynerization reactor.
\thei reastiofi zome! 25 arewlschaggedrihepogk dhé eadikelidrging line
the m nimum gas superficial velocity Uns. One exanple
i35formula (1) below. Uns 113 0.2 ALL S S -PG X PG,

., (1 dB( ) 2L () aPGPVMRINn this formula, dP is
t[[0d O2drForch stablerspoated bsdi 8 to Hormaint thel ractiondensd 2§, it is
pGis the gas density under the pressure and

tpnefenables that thenfoliowing opetdting eendition bereatisfiedR iies, that
the density of air under room tenperature conditions,
dhe gas superfieidl aigjocity Uy be espalite ortgrdate dhan thd meinimum
spout ed bed hei ?ht. Ls within reaction zone 25 is equal
tgasopuperficial 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.

1/3 0.2
Ums=dp[d”] ngLs(Ps_pG)x[pGJ - e (1)

dy\dy Ps Pam
In this formula, dp is the particle diameter, ps is the particle
density, pg is the gas density under the pressure and temperature
conditions of the reaction zone, pa is the density of air under room
temperature conditions, and Ly is the height of the spouted bed.
[0103] The spouted bed height Ls within reaction zone 25 is equal to or
less than the maximum spouted bed height Lsyaxm at which a spouted

bed is capable of forming, and is not subject to any particular limitation
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| ess than the maxi num spout ed bed hei ght Lsm at which
a spouted 25 bed is capable of formng, and is not
subject to any particular limtation 40 provided it
is equal to or less than the maxi num spouted bed

hei ght Ls. Various fornulas for calculating the

maxi mum spout ed bed height LsmAx have been proposed,
one of which is formula (2) below. LsUAX =dB

j ﬁr@é‘laéﬁ 1QQ§(é°cgJaﬁ’ @h98 less than P%&HEG Bed height

formul a is the termna oclity

PREL ) eVaf—gi}QAfféigi:l%]%%t ﬁdiecﬁ'l‘cﬁ!fﬂﬂgnfthé“rﬁhif}ﬁhﬁ{‘ spouted bed

vel oc:|ty e standpoint of

ehéi FpdsEa, ohé bWﬁl@H 19 FofinliR{ gZ) below.

staDbl e spouted bed, P is preferable for the spouted
bed hei e hig han bul ar baffl e 30.
10 [010 ve #5) mwﬁﬁoﬁ Ty L Wist 1 2 e
olefin ph ymedjzation reacmguzLQA acgording to the
present enbodi nen That is, because’the gas within

the real tlgis ﬂ)@ﬁﬁ;l@%@ﬁﬁﬂtbetsinﬁﬁhhwmhtﬁ bﬁﬂ:h% hgarticles, and

| ateral ly disposed gas di scharge nozzles 70
aupListthe migdmunMfluddizitiohueelacitpt o t he annul ar
particle bed 8b of the spouted bed 8 can 15 be
| f0dr0eid sErbme tieb | stavgdpdiat sof vdblome efficienty efhd cematding the
between the particles and the ol efin-containing gas
t forbeatrote gfi at mloye istable apeuted\bed aitrisprieferabls forl te spouted
particles can be efficiently grown. [0106] Al so, in
tbed bpight dd todst Kigher ¢har thef tubwdar bafiflei 30.t he cyI i nder
12A of the olefin polynerization reactor 10A the
rlédi0&dnEbe t i fn:llowmgiu sffedbsit i ane ofachmveidc| svitanthee olefin
made narrower than in a fluidized bed. Accordingl .
vp@mrezatmmmeﬁamr i19A cancondings [tp bl ypmsenbcﬁmgpdlment.
carrying out polymnerization with a plurality of olefin
th%T@ i ﬁausﬁhtha gas tvithim the rgactiogeszpnam2§etarcbe disgharged
esz( .S possible to _produce

om the Iaterally dlsposed gas discharge nozzles 70, the amount of gas

which diffuses into the annular particle bed 8b of the spouted bed 8 can
be increased, enabling the solid-gas contact efficiency between the
particles and the olefin-containing gas to be adequately increased. As
a result, polyolefin particles can be efficiently grown. |

[0106] Also, in the spouted bed 8 which is formed within the cylinder
12A of the olefin polymerization reactor 10A, the residence time
distribution of particles can be made narrower than in a fluidized bed.
Accordingly, when olefin polymer is continuously polymerized, by
carrying out polymerization with a plurality of olefin polymerization
reactors 10A arranged in series, for example, it is possible to produce
olefin polymer having an excellent structural uniformity. Moreover,

when the production conditions are to be changed, because polyolefin
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ol efin polyner having an excellent structural
uniformty. Moreover, 25 when the production
conditions are to be changed, because polyolefin 41
particles polynerized prior to the change in
conditions can be easily discharged fromthe cylinder
12, the anmount of off-specification product that
arises as a result can be cut to a sufficient degree.

Aparticley palymierizedopaofabl et @haﬂ%e 4R &ORALBAS ddifbe easily

scattering of spout ed particles the freeboard zone

cdischargdibfroantst celingdér 1Y -
to be gﬁiloeved [8%07] Seco%gméﬁnggg?gggﬁ‘%édlﬁb&p&ﬂpmdua

pthag chrdfdsn apr @ destiltovars Viss it 1RPR @ﬁﬁ‘i’éléhf‘ﬁlleg?eé Also, by
second enbodi nent of the invention, aside ffom

eproviglingga afefléctdi B0 tdOsupHrEsethe Qéatwhﬂ% @‘fts?buié@garticles
which forms a plurality of spouted beds i nSt ead

tthe fieeboardoumonerean betshortened; enablin@h Wittt hohhs®fAciency

single spouted bed 8, has a construction simlar to
tteeloe achieedpol yol efin  production system 100A
according to the first enbodi nent of the invention.

Ti 0F7d| SendndyEmdmidinemton of the second enbodi ment

deal s 15 pr| nmﬂﬁlly with those features that differ

f r om t hbse polyolefin phodwctites systead 1f00Bs taceotdidgnent - second
[0108]., As shown in FIG 2, the olefin polynerization
r@‘abﬂdkmem]B ok ﬂlﬂ)nmwemtmm asides fronbeemmlaping ofn olefin
form ng, five spouted beds in the vertical
d?qlmqrmtmm@ewt@f llﬂBpwlvthfomsl pluradity of spaBedsbeds 8

r@ﬁé r| I y of a_cylinder 12B which extends

P 61 ED lygnexzation Ireaetiom (18 svhish vibirmis a single
cl osi cgqbeg]f %tr:]ﬁ]éﬂOf the cylinder, 12B and partition the
iSPONES T icRastrugtion; simpilan e thatces the 1pokyolefin
26V, fi.ve deflectors 20 V\th are provided within the
RFPAHGHen 1 stens, d 004 caccordingatopthe | fast sembidiment oof the

115\9:\3/1'1t9ed \MIIth %lfo%m%yéquggétlég %f the second embodiment deals
principally with those features that differ from those in the
above-described first embodiment.

[0108] As shown in FIG 2, the olefin polymerization reactor 10B is
constructed so as to be capable of forming five spouted beds 8 in the
vertical direction. The olefin polymerization reactor 10B is composed
primarily of a cylinder 12B which extends vertically, a total of six
closed plates 15 which close both ends of the cylinder 12B and partition
the interior of the cylinder 12B into five spaces 261 to 26V, five
deflectors 20 which are provided within the cylinder 12B, and five
tubular baffles 30 which are provided within the cylinder 12B.

[0109] Five spaces 261 to 26V are formed by the closing plates 15 at the
interior of the cylinder 12B, which is constructed such that
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25 [0109] Five spaces 261 to 26V are fornmed by the
closing plates 15 at the interior of the cylinder

12B, which is constructed such that 42 polynerization
is carried out wwth an olefin-containing gas Ain the
top three spaces 261 to 26111 and pol ynerization is
carried out wwth an olefin-containing gas B in the
bottom two spaces 261V and 26V. Each space 26 is

PR iSoaHN AL i B0 e Rt it g R In3BE rop
b %ffl%ose hﬁ%@ pplydBfizhlifi, i Cafte Bt Hith an

TERo Famlle eeich AR Wty s 707 ARERE Vs, Each
SRR Y i Y Syl i 403 o
G163 | QRAEACaBVe R BubilEr UHIASERA! BEreibly, the

he reac IOﬂ zone an ol n- cont al ni ng

RRCAB Y A" the bulRy Tatlg 3¢ SR BoRCHRTIOSED S0fs o be

SR Pt il LR $3Mnghh ) GgsafZSS.“ESd e

o1 DTSE&% §}§Jcef 26 Withinode égﬁlnﬁﬁeg gliﬂﬂeHQHF%t\%é Bones

are forned the portions er 12Bt

d8f Aneibule baffiiens! | Tipit 1&“&1@ é&@éqge(ﬁv?c?&l irffdca Hdttom

féd in through the gas feeding nozzles 60 is

| ZWne0REE BeldwW the Qubﬁ@.@%a‘ﬁle A end abrehbABhiZthed26b above the

inlet orifice at the bottomend of the tubul ar baff

3tbular bakfiet BOn WitBeh the reactitie ¥dned2619zah Qﬁeﬁﬁwcﬁhtalmng

di scharge nozzle (not shown) which is capable of

dasclioves towaed Yald fupwad bt & tvdloeitgnffoai theagidrinlet

operation may al so be provided the bottom of the

orificeldorrted.at thessottém end Bdb bﬁ ehanbulardaffle8@) thereby
remai ning inside the cylinder 12B at the end of

ferming agpeuted bed 8 of pelyolefirpablicleso provi de an

interior
[0111] Gas feeding nozzles 60 for feeding gas to each reaction zone

26b are formed in the portions of the cylinder 12B that define the
-sidewalls of the bottom zones 26a. The gas fed in through the gas
feeding nozzles 60 is introduced to the reaction zone 26b from the gas
inlet orifice at the bottom end of the tubular baffle 30. In addition to
the gas feeding nozzles 60, a discharge nozzle (not shown) which is
capable of discharging polyolefin particles at the end of reactor
operation may also be provided at the bottom of the cylinder 12B.
Also, to reduce the amount of powder remaining inside the cylinder 12B
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
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25 menber in the shape of an inverted cone (not shown)
at a position which does not interfere with gas flow
at the bottomof the cylinder 43 12B. [0112] Gas

di scharge nozzles 70 for discharging gas from each
reaction zone 26b are formed in the portions of the
cylinder 12B that define the sidewalls of the
reacti on zones 26b. Instead of discharging the gas
that. 5 has entered and fl owed upward through the gas

i A& orifice in the tubular baffle 30 directly from

560127l g oled F0 i o B i
Y W T
S P8 1 et o g e
e e 5, 0 I 8 el
0 o SO 15 8 8 i 2, by
Bl Al R 8 04 RS e 0 s
AR 8 AR5 P B R e Gpuer
BsielS ReRE ooliin 5 of b Flied W Brcaly 18 kiRl s o
R HE TR S
S ERT lbfe S MlcTen | Bephn TR ChidRIGN 6, the
Shod i Ao VRSRHEE 00 P e nomie
IR0 PSS, IS 5 BARGH BN o oncor 2

within each reaction zone 26b and below the closing plate 15 directly

thereabove, and more preferably above the top end 20a of the deflector
20 and below the closing plate 15 directly thereabove. By positioning
the gas discharge nozzles 70 at such a height, the amount of particles
discharged from the gas discharge nozzles 70 together with the gas can
be reduced.

[0113] The deflectors 20 are each situated above the tubular baffle 30 in
the respective spaces 26 and at positions facing the gas inlet orifice.
The role of the deflectors 20 is to suppress the scattering of spouted
polyolefin particles. This makes it possible to shorten the freeboard
zones, enabling a high volume efficiency to be achieved.

[0114] As shown in FIG. 2, upper downcomers 35a are provided so as

to pass through each of the four upper tubular baffles 30 within the
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25 [0114] As shown in FIG 2, upper downconers 35a are
provided so as to pass through each of the four upper
tubul ar baffles 30 within the 44 cylinder 12B and

al so pass through the closing plates 15 directly

bel ow, and a bottom downconer 35b is provided so as
to pass through the bottommost tubular baffle 30. The
upper downcorers 35a allow polyolefin particles to

r Exlinden TR b REo RS et B picsid Bidtes T iretby below,
204 g boftorh ARV Rt T SH I8 BRI 394§ 3 $4 through the
PBOHOBASSCHAOLE RO, THELRIRP, aRes it s E alow
BODRIen piaticlds 0 SN S Wppet Maditnf Bbfie 20 to a lower
shebigh i 78220 pdDEe of G160 dh, BRI is o
ferON PELFlelin pafice bRt the BofloffnBSt (FacHoR AR 265 and
t @RcRArgehthe’ F‘;’%ﬂ@% ot detﬁfpaﬁpgglmdefngg- ;wagvmm V73

gas A is supg e ace

CANED NERS e éﬁa@#ﬁ?t@ﬁ@i‘u&ﬂﬁtﬁé E@ttéﬁ]do%ﬁééﬁer@% PReéreby

di scharged fro rd reaction zone 26 romthe

térmbin ftﬁeC?bIWﬂéﬁnlﬁﬁti@%Q& ber Gi&ha%éd 8 e e step

is supplied to'the second bottom zone a fromthe

t@ithotibtlse talBgsd-gRggsyyruni cates between the gas
di scharge nozzl es %O in the third reaction zone 26b

od 132 Abehowm ie IR R, nolinkds3 b ot %u?b@iﬁgQﬂeﬁnb@ﬁﬁt@iﬁing
zone 26a. Simlarly, gas discharged Tromthe second
rgacAl is Tonmieetetbto fhieogad f&dm% noizzldRe60 ?vév'riﬂédrithBB Battom
supplied to the bottom zone 26a of the topnpbst space
2onet Rbaugh thel thmed L&hce] 261 Tloratheditep haf ghegeylimdsr 12B.
L41 are connected to the gas discharge

Moreover, olefin-containing gas A is supplied to the third space 26 by a

compressor 55 disposed on the line L31.

[0116] The gas discharged from the third reaction zone 26b from the
top of the cylinder 12B passes through a line L32 and is supplied to the
second bottom zone 26a from the top. This line L32 communicates
between the gas discharge nozzles 70 in the third reaction zone 26b and
the gas feeding nozzles 60 in the second bottom zone 26a. Similarly,
gas discharged from the second reaction zone 26b from the top of the
cylinder 12B is supplied to the bottom zone 26a of the topmost space 26
through a line L33,

[0117] Gas discharging lines L41 are connected to the gas discharge
nozzles 70 in the topmost reaction zone 26b. The gas discharged by
means of the gas discharging lines L41 is again supplied to the third

45



10

15

20

25

25 nozzles 70 in the topnost reaction zone 26b. The

gas discharged by neans of the gas discharging |lines

L41 is again supplied to the third 45 reaction zone

26b fromthe top of the cylinder 12B by line L31 after

the renoval of gas-entrained particles therefrom by

an optionally installed cyclone 63 and after passing,

for exanple, through cooling means (not shown). A

li : ' [ ' r

ESEAGR 2RI RGFth Ryl EPod LURRUEH BT RGPS PiRr th

exbR{dval d@g&é-éﬁﬁhﬁi&d %Més ﬁléfe?‘g)glrﬁaér 5@[}@5&5@1@ i¥stalled

?Ief!n-cont I ning gas B i's connec
| SO B3rahe RO sty DASBIEOHOA VRN flhgs oo
L3RR, MRS IOSHISCURN GBS P 19) R i e of
g@apﬁlﬁﬁgaﬂsﬁﬁ-ddmﬁﬁﬂ% ggm AORD She éﬁﬁdggfi flﬁ%“Egggb

is “supplied to the se d bottom zo rom

. , ! ttom i .
Lg6 8] o lihbd 34/ fdaﬂ“@ii}iplyik?ggolégiﬁggﬁg%%k%%ﬁ BeiRSedimited to
t

communi cat e bet ween” gas es 70 1n

tee st feeding neafei 60 dﬁﬂﬁﬁd@@binaﬂﬁ?e dsttoh ESﬁﬁiez& of the

nozzles 60 in the second bottom zone 26a fromt

bbottommbst space 26i ndeford@er, [0ERRIcoAtEiatng r gl i
line L42 is 1gonnect ed tg ther gasﬁlgics?ci}hargegl g;dgggl %sg‘%&)hed

i to tthe bottomthost aspace & @gea?(ﬁhnf)fmf 5¢ BipoRad diehe line
gas discharged through the gas discharging |ine L42
i £3dgain supplied to the 20 bottommost reaction zone

26b by a line L34 after gas-entrained particles are
" EHAB]d Thizegas' dischaypeh fronn thecbotommmost fegtionchons 26b is
64 and after passing through, for exanple, cooling
meuppligdito thehsewond bottonezens 26adrennttrechetiotoof thescylinder
line L34 for the purpose of supplying
ol 2Bi ndaolings nLag. gadhesé rlines hb36x comimunicaté i betvi@h gas
discharge nozzles 70 in the bottommost reaction zone 26b and gas
feeding nozzles 60 in the second bottom zone 26a from the bottom of
the cylinder 12B.
[0120] A gas discharging line L42 is connected to the gas discharge
nozzles 70 in the second reaction zone 26b from the bottom. The gas
discharged through the gas discharging line 142 is again supplied to the
bottommost reaction zone 26b by a line L34 after gas-entrained particles
are removed therefrom by an optionally installed cyclone 64 and after
passing through, for example, cooling means (not shown). A line L37
is connected to this line L34 for the purpose of supplying
olefin-containing gas B from the exterior to line L34.
[0121] Also, a line LS5 is connected at the top of the cylinder 12B, i.e.,

to a position which is higher than the region where a spouted bed 8 is
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25 [0121] Also, a line L5 is connected at the top of
the cylinder 12B, i.e., to a position which is higher
than the region where a spouted bed 8 is 46 forned in
the topnost reaction zone 26b, for the purpose of
supplying polyolefin particles containing solid
particles of an olefin polynerization catalyst to the
t opnost reaction zone 26b. [0122] Next, a process for

EELES A s ReOI 2R A HOT kB burBaSt B nplying
BT oty ARG 4P A EREE o, B ol
RO Ztiof Bafly <t 6 3he cOBRISE actiort e 2Bp e 1O
FL22], 1508405 PiBee 8965 proffacind oy diEfin BIRE T ftdduction
lg%rs%&%hl o0 ?a%cbf"&ing% tha i)r@%%ltﬁlﬁﬁéﬁ{rhéﬁdist&fswﬁgd.

yneri zation préssure; a e rnteriror o
cp0123deFirdeB bl MAEART: paR§cleR©! riﬁ)ﬂﬁj N RLESFUK €,
iczr?qshou’d Be 3>I,vi\)lﬁtﬂlﬁn g ranlgg ami C teﬂe E’%I efin i%leﬁn

ciepol PmefizaHbAIréd@sEM uding 8850 D atidh catalyst

reactor, is 15 generally from stan pressure to 5
\Gatne By ek @walth¥thodom 0. 5 to 5 MPaG The

pol ymeri zation tenperature is generally from50 to

1[1HQ4|] adindther sleSinghdly mdrdzatith fsactOO DB Bleti-cbAtdining gases
pol yol'efin particleS having a particle size of from
afcatid B abe s e!:mbgy' tfed. idtoTRiV6h Hpacds 2ePHitiig!theloylinder
known met hod aI?e fe 20 i ndtinog t heaygsl i nder 12B vi aboal\y

f K28 throwgh Ginesrbattad 134 iné préssuridedblo Bye petyinegization
pol yol efin particles into the cylinder 12B thfough
fpressuriepeand e liatdrémdiofy thespglindee! 2B is warmed. The
ol efin-containing gases A and B to individual spaces
folymerimgtidn peesstifd, which 3houbkd behwithin m far@ge?at which the
spouted beds 8 of polyolefin particles are forned
walefinnisecapabdé afheeing present in a gas phase within the reactor, is

generally from standard pressure to 5 MPaG, and preferably from 0.5 to
5 MPaG.  The polymerization temperature is generally from 50 to
110°C, and preferably from 40 to 100°C.

[0125] Next, polyolefin particles having a particle size of from about
0.5 mm to about 5.0 mm obtained separately by a known method are fed
into the cylinder 12B via a feed line L6 connected to line L5.

[0126] By feeding polyolefin particles into the cylinder 12B through
feed line L6 while feeding respectively olefin-containing gases A and B
to individual spaces 26 through lines L31 and L34, as shown in FIG. 2,
spouted beds 8 of polyolefin particles are formed within each of the
reaction zones 26b.

[0127] Once a spouted bed & has been formed within each reaction zone
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25 reaction zones 26b. [0127] Once a spouted bed 8 has
been formed within each reaction zone 47 26b, the

pol yol efin particles are fed fromline L5 into the
cylinder 12B at a constant rate per unit tine,

t hereby commenci ng steady-state operation of the

ol efin polynerization reactor 10B. As the polyolefin
particles grow within each reaction zone 26b, they

s06betsd palyoléfihl particliscaghfedonpdiele HSVIRES T8¢ eyfinder 12B

and 1nto the reaction zone 26b below, and are

eyery Widnsyartti ssteapee dusit Ofindd) etlaebpnuopithencing sRfady-state
[0128] Meanwhile, in each reaction zone 26b, part of

{ bperalicirof winnofefin golmictizationeabaEOB. SPAY thesblyolefin

sweeps past the particle bed, while the remainder o

t partgdes dirbfwseghimneach heastion! 26ne 26, Ct!h%ybﬁﬂcé’é%i\ﬂél?y fall

In this way, the ol efin-containing gas and t he

pthirguphf the pper desncomess 35z ahiddigtes tieo Teactionnzbne 26b

the action of the catalyst within the polyolefin

pbelove laex] arelssentudlly dischangeabfipm the bottom deaatcomert 35b.
proceed, resulting in growh of the polyolefin

pEI28]| Meanjvdiikg) 1iroeach steaotions zonee @6bedpartt off then olefin
in each reaction zone 26b, it 15 is preferable that

t menomet-contamidg gasi foethsemspoutrarichswiseps pastt the particle bed,
enbodi ment, i.e., the conditions relating to the gas
swipéler thei remainder of the pas diffusesintpdhecamyar paitigle bed 8b.
Ls, be satisfied. [0130] The ol efin polymerization .
rkachiy wap the wlefingcontainiogpgaseand thebguilyelafin particles
achi eves tPe following types of effects, Because the,
gardergo splidigascgentackand dhezaefzorenf ¢he eatalyst within the
di slch rged fromthe laterally disposed gas djscharge
reRiyoeafiny o partiRlea nsauniesofthga lakinc tpalymarization nreactipa to

CaiRosed, Teaplrina Bugtawtnof e pAB oJefinpageiesont act i ng
B 5 SNt BBAH 5 R o e 260 i
is preferable that the conditions described earlier in the first
embodiment, i.e., the conditions relating to the gas superficial velocity
Uy and the spouted bed height L, be satisfied.

[0130] The olefin polymerization reactor 10B according to the present
embodiment achieves the following types of effects. Because the gas
within each reaction zone 26b can be discharged from the laterally
disposed gas discharge nozzles 70, the amount of gas which diffuses
into the annular particle bed 8b portion of the spouted bed 8 can be
increased, enabling the solid-gas contacting efficiency between the
particles and the olefin-containing gas to be made sufficiently high.
As a result, polyolefin particles can be efficiently grown within each

reaction zone 26b.
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25 As a result, polyolefin particles can be
efficiently growmm within each reaction zone 26b. 48
[0131] Also, a plurality of spouted beds 8 are forned
within the cylinder 12B, naking it possible to narrow
the particle retention tinme distribution.

Accordi ngly, when ol efin polyner is continuously
produced, it is possible to produce pol yner having an

TEEIERSE B IR of drpfdd Heds ¥ G Furpfif owitif the
PEVIEAGH 1 PRhIhakief BT i Bend, e riulie e, 00K time
s gftiot: ", ARy whepe dlefR°RolEE i Bhffitibusly
Cdgedy B is B RIRe, 10U Priicd dlyinet” el g B C8Rcellent
A Mol RO Bdions v
5% hdried, Cbise, Bolyoleli pafoRe BpRAnEHzOE Pttt Sto the

TR bondRIGhE KA EAgtl eRrld OGS e pYhagr 128,
B8 fhodrBof &dification @ggeﬂﬁ{a dlﬁew;dbs%r&ulﬂ e bE cut

ol ef i n nonomer can be sup to a suitable reaction

A0Ng sﬁﬁﬁcﬁéﬁpde%@é?i ARo, E%' r%}ﬁrg?dihggdﬁl’é‘dioﬂvo to suppress the

arrangenment, the olefin nsunmed by the

RiateEinioZ 8f isgbutéi?‘fahi'@ﬂcg,aﬂlé) Frecbafd 2008 cdr' be shortened,

addi tion, when the liquid ol efin nonomer evapor at es,

heraibliegna hipl?Oohane efficienetbite achigvedf i n particles

by the latent heat of vaporization. In the

f0I 823 tEge present dheéhtiomés vioe lianed @0 the above-déRribed first
according to the second embodinent, there is a
tamndlsecynd @mbodiheents cadioroexaaphks thacforepbhig enitfodiments
cylinder 12B to have a higher tenperature on account

are exemplehed above ot cases inewhidh ag dlefin-compiaing eas is fed
difference with | ower

into the cylinder 12A or 12B. However, an arrangement in which a

liquid olefin monomer can be supplied to a suitable reaction zone is also
possible. By adopting such an arrangement, the olefin monomer
consumed by the polymerization reaction can be replenished. In
addition, when the liquid olefin monomer evaporates, heat can be
removed from the polyolefin particles by the latent heat of vaporization.
In the multistage-type olefin polymerization reactor 10B according to
the second embodiment, there is a tendency for higher reaction zones
26b within the cylinder 12B to have a higher temperature on account of
the heat of reaction, resulting in a temperature difference with lower
reaction zones 26b. By installing a spray nozzle or the like within the

cylinder 12B and thereby supplying liquid olefin monomer to the upper
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25 reaction zones 26b. By installing a spray nozzle or
the like within the cylinder 12B and thereby
supplying liquid ol efin nmononer to the upper 49
reacti on zones 26b, this tenperature difference can be
held to a mninmum enabling the tenperature to be
equal i zed. [0133] Al so, each of the downconers 35a and
35b nmentioned in the above enbodi nents has a top end

| REACtRULE! SalfeR? 28R0 hif, Lok Bt difiBronte” Gan! BEEYENd 1o a
oS, gD B RorBlie? 10 DAY, P L 0F e

CTBLTER ALS phth S5 dolckRic S ahal I3 Bentigfied in the
SABBYE FhBGiRTerS 2 o 1 B (hi Br0ugs a05ve ByBhar batfle
;201 Hoss0 nTREAWiRRe U olyabindieitice Bt el rom
poeSringIRiicen thensde urfced BT hese doaftohin S B 35b
| and e dhside svefaRbDPHROM 1IRIr 12 ArUEEB Yr ﬂhﬁﬁﬁéi[de]}&rfaces

downconers 35a as a neans for transferring polyolefin

pef tihel egblilagnbafflesu3Y, " G ddwhcondfs | 38h ZHtE 35b 8may be

downst r eam si de rea_cti on zone is described. However,
t bengtaboted esd naspaiot | W ¢RotFade babévanhkeirside fbes of the
e

ej ector systeminstead. [0135] Furthernore, in

atespective dobubrbbaliflesn30. poh wiehi 2ajdse)a #iechanism (e.g., an
descri bed as being carried out using two types of

odefoffi vabre)afoniregulagimpethefarandnBof iparevles .whichi drop from an
possi bl e instead for one type of ol efin-containing
geppenrésetimedont dfe tooa lowertieaetionrzome €5t s bef suitably
ol efi n-contai ning gases to be used. [0136] Here, in
cproaddedhenezachsdownedmer.hi rd space 26111 and the

fourth
[0134] Also, in the above second embodiment, the use of upper

p =

downcomers 35a as a means for transferring polyolefin particles from
an upstream side reaction zone to a downstream-side reaction zone is
described. However, the polyolefin particles may be transferred by an
ejector system instead.

[0135] Furthermore, in the above second embodiment, polymerization
is described as being carried out using two types of olefin-containing
gases A and B. However, it is possible instead for one type of
olefin-containing gas to be used alone, or for three or more types of
olefin-containing gases to be used.

[0136] Here, in cases where, as in the third space 26III and the fourth
space 26IV from the top of the cylinder 12B in the above-described

second embodiment, the olefin-containing gas used in an upper reaction
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25 space 261V fromthe top of the cylinder 12B in the
above-descri bed second enbodi nent, the

ol ef i n-contai ni ng gas used in an upper reaction 50
zone 26b and the ol efin-containing gas used in a | ower
reacti on zone 26b are of different types, before

i ntroducing the polyolefin particles that have been
rennved fromthe upper reaction zone 26b to the | ower

5%, 7 AN Wefin-coRaBiBE B LSl In°E 168 3Bactjon zone

EB ST AR R RO 16 Ml
part| (gglge Véﬁts ogggffg o ﬂﬁnﬁsgérelj {&gg%gs%ﬁgggsmfthg lower
goaclin OROMAS T is WefRBle 36, solRFlHS Tonti R polfolefin

npart c36s Kﬁtﬁrf bf Gtﬁe' s”hn'fé @gﬁ& %50 %ﬁg] %%’h fed Cihtc?' tHESlower

contacti ng rrea 90 shown in i ncltudes a

s@dcﬁog%rﬁozg@ctl ng tank 92, a particle renoving |ine
a particle introducing line 94, a gas introducing

| [(il@?‘}gﬁl(in@ shotasadi @i @ﬂsohdfg%.sL&Ynta&'ﬁﬁ% means 90 for
parti cl es on the tubul ar ‘baffle 307 n the thifd space

2¢€drithctibg Ppobvd meo@éﬁ“ﬁﬂmgﬁgbﬁﬁe s8miengpedsi the 1S fe

contactlng tank 92 through thé particle renbving |ihe

%% thie \Wottdm areaetionf fonel26b.ViBeatired snekess thedgas feeding
within this solid-gas contacting tank 92, are

coozzes 60 aniditheggas dibeliamecniziésTOareomitietidd FIG 3.
t hrough the gas 1 ntroducing line L96. The particles

f [0d38}+Tké sohid-gase tontactingaineang AWhshéwhain FE6n 32ihcludes a
thoroughly renoved are introduced to the reaction zone

28ilidgas heontacting tanka®2, a6patticlewenbevingpliner 88gl phrticle
particle introducing line 94 on which an on-off valve

\nerodsicitigs pimecBd, hegasnntreduding kns L9Glandwa rgas discharging
S(;I!QEIE: g&%gf ﬁﬁ?ﬂ? ;tiggcﬂi; b?ll tflghta{)gfa?' l;/alf?let3h0e1ng ?Ife third space 26111
from the top are transferred to the solid-gas contacting tank 92 through
the particle removing line 93 on which an on-off valve V75 is disposed
and, within this solid-gas contacting tank 92, are contacted with an
olefin-containing gas B fed in through the gas introducing line 1.96.
The particles from which the olefin-containing gas A has been
thoroughly removed are introduced to the reaction zone 26b of the
fourth space 261V from the top through the particle introducing line 94
on which an on-off valve V76 is disposed. Meanwhile, the gas
following solid-gas contact is discharged via the gas discharging line
L97.

[0139] By providing such a solid-gas contacting means 90, the

entrainment and entry into the lower reaction zone 26b of the gas used
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25 [0139] By providing such a solid-gas contacting
means 90, the entrainnent and entry into the | ower
reacti on zone 26b of the gas used 51 in the upper
reacti on zone 26b by the polyolefin particles can be
suppressed, making it easier to obtain polyolefin
particles having the desired performance. [0140] In
the above second enbodi ment, an olefin polynerlzatlon

e ver tﬁpgbf fgglr:ggltlf %%ﬁ‘e Sﬂ%]d@gcr | bég @mﬁﬁg "can be
RGN L it it b

efiéﬁ?éd el"f'& gger of spouted beds is preferably at
| east t ree, nore preferably at |east six.

'Vg]lgisl)s’leln ﬂh'&e aBbYeakédohdlerABOGIREND CAIS Sgﬁl éSblS}'ﬂ{erization

arily be forned Iint evertlcél dir

eXHIROEIin Which ‘ﬂv@ OJuted vedld® Qfesf éH th gRcVertic tion

a single spouted bed 1s forned e Interior may

alwadieddribada T6We9sE dhe HurkBér Sf' ABEYsER Adt 11m1ted to

series. Also, in react or desi gn an t he oper ation

cfivkr olFroki the standpdint RFeddi hosuffigidt ]@1 ﬂ%‘w Sffect,

of each reactor stage and control” the 15 pol efin

peret intingbdrolod- spowtedr beds dr careferably ats ll'é‘é‘statlﬁ@¥ and! tore

narrow the residence tine dlstrlbu¥|on of the

potefetadly mtpleasi sixes Mutebveryake p lhhﬁlt?’n'@ﬂ ’potted beds need
pol yol efi n produced at each St age (inclfuding the ol efm
mepakeyessariipt beformedt 01 the vertieal difeetion. [ Bdl kxhmple, a
addition, in the above enbodi nents, the use of the
splowalety oPfedutorsdeithireeath of w}nchwhglmmted bedsisdormed
ol efin polymerization reactor is described. However,
tatethiermterior magpbetarthriged teaihorizontalodirection atd d:aupled in
this application, and may be enployed in any granul ar
naeriasi al Alsog eatmecmorfdamgm iand thecoperatioh corstpolimedhoddit is
'S appr opriate. For exanple, the spouted bed device
qrreferabieve rdasign the wdumepbyeadhi 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.

[0141] In addition, in the above embodiments, the use of the spouted
bed device of the present invention as an olefin polymerization reactor
is described. However, the inventive spouted bed device is not limited
to this application, and may be employed in any granular material
treatment for which the use of a spouted bed is appropriate. For
example, the spouted bed device of the invention may be employed in
other chemical reactions or in processes such as the drying, granulation

or sintering of powders.

52



10

15

20

25

25 other chem cal reactions or in processes such as
the drying, granulation or sintering of powders. 52
EXAMPLES [0142] Exanples 1 to 4 and Conparative
Exanples 1 to 4 were carried out so as to evaluate
the solid-gas contacting efficiency between particles
and gases in the annular particle bed portion of the
spouted bed 5 that is formed within the treatnent
zgpgékggg;ggtion of the solid-gas contacting

e etween particles and gases was carried out

b , . S di .
QL ZEBRAb e 15 £l CBErafiib BRI, £1d Hohffe camied
( L i di 7o i1y _

(K, A0S ROATARE 8 ApTRLLED ooheligYoRicibiBy between
c : r 3

A DEBhaEALH 2 (1B s FHRSERIE ot bEUEABIEA bec
t is Yo I wWhithei , e Is8lid-
D sAr it i m RAIRHESE A1 g
t : [ j h | g
Pt ARl AL DATIS i paRe e e by
S' t . T * ] » L

c‘I:‘glgl d a tﬂﬁéertagg_ g{laég\?\nﬁt %Bgalélegm gaiggﬁhgge?%?g s‘gﬁéw rate
Plvithdh| the Hnn@dgr | RV Yedd (U}Ag_zb?sﬂ’{@rrﬂiﬂiﬁiﬁiﬁd fRfidization
the top, enabling gases to be disCharged laterally

f velact ap‘arq' . hozzles. Mre specifically,

the cylinder hadb:‘%guwlg?s di scharge 20 nozzl es, each
WaI33nExamiple 1di aneter of 100 nm | ocated at

positions 00 nm bel ow the top of the cylinder. These
gas di sAheyliadrieal!cid wiydeldisheosiednade sob ttanipasdnty vinyl
equal intervals in the circunferential direction of
t¢ldocidel pelin. ahdldafjabloeof ormding cal singled spodtdd beidt in the
had an inside diameter dB of 500

cylinder (height, 1,100 mm) was furnished. This reactor had, disposed

within the cylinder, a single tubular baffle of inverted conical shape with

a gas inlet orifice therein and, paired with the baffle, a single deflector
of conical shape. The cylinder was closed at the top end with a closing
plate, and a plurality of gas introducing nozzles were formed at the top,
enabling gases to be discharged laterally from these gas discharge
nozzles. More specifically, the cylinder had four gas discharge
nozzles, each with an inside diameter of 100 mm, located at positions
100 mm below the top of the cylinder. These gas discharge nozzles
were disposed at substantially equal intervals in the circumferential
direction of the cylinder.

[0144] The cylindrical cold model unit had an inside diameter dg of 500
mm, and the gas inlet orifice at the bottom end of the tubular baffle had

a diameter ds of 100 mm. Accordingly, in the present example, the
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25 mm and the gas inlet orifice at the bottom end of
the tubular baffle had a dianmeter dA of 100 mm
Accordingly, in the present exanple, the 53 ratio

dA/ dB between the gas inlet orifice dianmeter dA and
the cylinder inside dianeter dB was 0.2. The angl e of
inclination between the inside surface of the tubul ar
baffl e of inverted conical shape and the horizontal

SR R b oo

eAfSidO Hiapiiter ‘We#s ¢es | eqtyy Scff”h%) c{lﬁizﬂﬁ)dﬂi%@ﬁ the

at the bottom end 300 nm an ow at

I 1
| CUTRAPLT BT, O die oM e, g e

aRofyehed Qarflﬁ'tlﬁé ‘éhgles oFdnelin36n BetPrech thgosutdtde SBfface of

in fromthe gas inffet orifice, and the flow state o

tiie deflsiopmidetlf: Rafizbftdt SveRs eadls 65ved Th@"éoﬁicﬁl Aefector
fluidization velocity (Unf) of the polypropyl ene

phad anlinsidediatheter at the BoRofPend ofF0VIRES dahd iveast 6llow at

unit was roomtenperature air, which was fed in at a
recintdriGr. 3 nB per mnute. 15 [0146] In this exanple,
the flow state of an ordinary spouted bed in which a

sitd4S]oThearittericrs 6f othiengreserer dwiagoefilled writh 250akg of
is stably forned and, at the peri phery of the spout,

ppolypropglehel parﬁci/w\haﬁn droaveryy stde 0BP00GIm. A
bed, was observed. In th| S st ate pressure within

tgass ovds fiedkrin( frean theegasdnlts mﬁb& andaﬂmﬂdw aateOof the
mm 20 above the top end of the tubular baffle (where
tpelypoopyleneb paftides swasoobservied. t hThey mimitevim afluidization
hei ght of the particle bed that has been fornmed above
t¥elociy(Umbh ofishe palypropsdenegmeticles was €20 m/s.  The gas

pressure loss in the annular particle bed was

ed dntoghenunisivas toomeemperapire sty vehichswas fedin at a
fr%{errg??’%nrnnglger“g?g&écl e bed was treated as a particle
[0146] In this example, the flow state of an ordinary spouted bed in
which a spout of particles flowing upward together with a gas is stably
formed and, at the periphery of the spout, particles fall downward,
forming an annular particle bed, was observed. In this state, the
pressure within the cylinder (near the inside wall) at a position 50 mm
above the top end of the tubular baffle (where the tubular baffle is
joined to the cylinder) and the height of the particle bed that has been
formed above this position were measured, based on which the pressure
loss in the annular particle bed was calculated. When calculating the
pressure loss, the formed annular particle bed was treated as a particle

packing layer and Ergun’s formula was used to estimate the pressure

loss of the particle packing layer. The gas superficial velocity
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25 packing |l ayer and Ergun's fornula was used to
estimate the pressure |oss of the particle packing

| ayer. The gas superficial velocity 54 corresponding
to the nmeasured pressure | oss was cal culated, and this
gas superficial velocity was treated as the gas fl ow
velocity (Ua) in the annular particle bed. [01471 As
aresult, inthis exanple, the gas flow velocity in

t [ t .

o PrrEPding (0 (8 shyésufel eRurk 165 Ry cBIbu1ER A Bhd this gas

h Lo i dizat Lot LQCiLY ] )

pSTREPIRAAT Belactty” s# %, Wik aB e got HAWLEIRTE fUR) dg the

I BRulal Hartifleth 4.0 nB/mn instead of 3.3 nB/mn,

the sane procedure was 10 carried out as in Exanple 1

a e i &hRCé L1b ¢ r '

A AR P I RRCH DI, (HE AURORvABEHY Shithe Hhmular

0BsTti btahg I ' f :

SRl o 5 eed PR Bt 990 ol Pl Subich

t 3Rs10.85 &Y Righ 4k $hé Mindmune 'fHﬁdiiétion[&Hlé@ity.EX anple 3

15 Aside fromsetting the flow rate of the” gas

L%(]Irmugggnjp]ég the unit to 4.7 nB/mn instead of 3.3
/mn, the same procedure was carried out as in

Exanpl eAkiden érom &etiirdg theWlow! @ge of the sdeimfedihédd into the

particle bed of the spouted bed was calcul ated. As a

resitl o 40emdanin fihstead ebPG,3 ym’ miethy Ry pracéduree was

bed of the spouted bed was 0.16 20 m's, which was

Ocditiedsobi gb iasExhmpie ri amd fHeugds Zdwovelveltgcin the annular

[0150] Exanple 4 Aside fromsetting the flow rate of

tpartighes bed: of dhe expounted biedewasnédlcnlutéd.4 AR airesult, the gas

instead of 3.3 nB/mn, the same procedure was carried

oﬂo“flayelam@(mmhe ahnalat pirtichaded ofvthelspouted bedt was 0.15

annul ar

m/s, which was 0.75 as high as the minimum fluidization velocity.

[0149] Example 3

Aside from setting the flow rate of the gas introduced into the
unit to 4.7 m’/min instead of 3.3 m’/min, the same procedure was
carried out as in Example 1 and the gas flow velocity in the annular
particle bed of the spouted bed was calculated. As a result, the gas
flow velocity in the annular particle bed of the spouted bed was 0.16
m/s, which was 0.80 as high as the minimum fluidization velocity.
[0150] Example 4

Aside from setting the flow rate of the gas introduced into the
unit to 5.4 m’’min instead of 3.3 m*min, the same procedure was
carried out as in Example 1 and the gas flow velocity in the annular
particle bed of the spouted bed was calculated. As a result, the gas
flow velocity in the annular particle bed of the spouted bed was 0.16
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25 particle bed of the spouted bed was cal cul ated. As
a result, the gas flow velocity in the annul ar
particle bed of the spouted bed was 0.16 55 m's,

whi ch was 0.80 as high as the mnimum fl ui di zati on
velocity. [0151] Conparative Exanple 1 Instead of

di scharging gases laterally fromfour gas discharge
nozzles formed in the cylinder, all the gas dlscharge

nflﬂé% ﬁ%lié’lf&eaes %Eldﬁgﬁgﬂsag eq‘gﬂil{-{hﬂﬁop o1t e cy]10| ntger
ﬁ-aﬁ%eaﬁx pé fcharge gas upward. Aside
Wf?)rrsfﬂteheselBI

changes, e same procedure was carried

out as RktEXRHH 8ﬁégﬁﬁn L%é‘%el aﬁtéﬂgﬂg’eg‘éhi’%hi‘ gdd 8fRharge

annul ar particle spout e

t
R BAE YL O P AL AP e
MhEocked] ﬁhauamdxpwwmsﬁa dlB§in blefe Wl it éihd the top of

Exanpl e’ 1 and O. as high m ni mum f ation

vieogylitderd Wi %beﬁéﬂw §3 h H M%e gad ﬁfﬁ%ﬂ ofAside from

di schargi ng gases laterally from four “gas"di schar ge

1theRe zHagges Othebshme proceditei wae tarriéd olibas Qﬂ%xample 1 and

di scharge nozzl es were blocked, in addition to which

athel gad flovohvalatinen Mﬁ@r?@ﬂhél@%é@ Bf ¢he spoated bed was
cyl i nder was opened up so as di scharge gas upward
Acaldeldtedm Ashesesohtianbe gast flovs #etodityo ée dhecamasar partlcle
carried out as in Exanple 2 and the gas flow velocity

i bed lod thersparnteddred was (h¢8 mf's, twhichpouisclbweadthamsth0value
calculated. As a result, the gas flow velocity in the
aobtained parExarple Heand0.65eass high @ thedmiasnGml ﬂmﬂrzatlon
whi ch was [ ower than the value obtained in Exanple
aVﬁ:loOltSS as high as the m ninum fl uidization

vel oci té [0153] Conparative Exanple 3

[0152] Comparative Example 2

:-r

Instead of discharging gases laterally from four gas discharge
nozzles formed in the cylinder, all the gas discharge nozzles were
blocked, in addition to which a closing plate was not used and the top of
the cylinder was opened up so as to discharge gas upward. Aside from
these changes, the same procedure was carried out as in Example 2 and
the gas flow velocity in the annular particle bed of the spouted bed was
calculated. As a result, the gas flow velocity in the annular particle
bed of the spouted bed was 0.11 m/s, which was lower than the value
obtained in Example 2 and 0.55 as high as the minimum fluidization
velocity. |
[0153] Comparative Example 3

Instead of discharging gases laterally from four gas discharge

nozzles formed in the cylinder, all the gas discharge nozzles were
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25 Instead of discharging gases |laterally from four
gas discharge nozzles forned in the cylinder, all the
gas di scharge nozzles were 56 blocked, in addition to
which a closing plate was not used and the top of the
cylinder was opened up so as to discharge gas upward.
Aside from these changes, the sane procedure was
carried out as in Exanple 3 and the gas flow velocity

BB % ien ot B 1 R 4P o of
S Pt chepiyplo o HRNEEEe S i, AR o

ower e val ue
o0 Bt e S B U Caticl 6 b8 Bxaple 3 and
4 . . .
Bl AoR0 GRSy LR Sl ARICI RO 5 SBEI P wa
nezizhRfeder As &l REWRJ the eAdfoW %lécﬁ?"‘?h%eaaﬂnﬂﬁf "Harticle
plate was not used and the top of the cylinder was
obed & the spoued eddwas Bl 2emea swhitieifhs RvétetHanCtie value

t hese changes, the sanme procedure was carried out as

i obfakeedie BxanpldS hhe M86 49 Rkl AkOtiet iihfnbfe fluidization
annul ar particle bed of the spouted bed was

cet¢logityt ed. As a result, the gas flow velocity in the
annul ar particle bed of the spouted bed was 0.12 m's,
\A[Ol(ﬂal]v@anipamﬁvémmple gal ue obtained in Exanple 4

and 0.60 as high as the m ninmum fluidization

vel oci tknsted b61dis¢hafging qrasks daferally Hrenpifesr ab adidcharge
and Conparative Exanples 1 to 4 are shown in FIG 3.
Thezzles desmed tihetheocyliaden! alxtle gast dischgrgepmozzlds Gere
3 indicate the flowrate (nB/mn) of the gas

i bliocked ciedadditiom torehigis a ichosing platei was ndbesedlandsheriop of
the vertical axis indicate the quotient Ua/Unf of the
dhe aylbwleravas opengdiap soi antondischargengasupward.  Aside from

these changes, the same procedure was carried out as in Example 4 and
the gas flow velocity in the annular particle bed of the spouted bed was
calculated. As a result, the gas flow velocity in the annular particle
bed of the spouted bed was 0.12 m/s, which was lower than the value
obtained in Example 4 and 0.60 as high as the minimum fluidization
velocity.

[0155] The results from Examples 1 to 4 and Comparative Examples 1
to 4 are shown in FIG 3. The values on the horizontal axis of the
graph in FIG. 3 indicate the flow rate (m*/min) of the gas introduced
from the gas inlet orifice. The values on the vertical axis indicate the
quotient Ua/Umf of the gas flow velocity (Ua) within the annular
particle bed divided by the minimum fluidization velocity (Umf) of the
particles.
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25 particle bed divided by the m nimum fl ui di zati on
velocity (Unf) of the particles. 57 WHAT | S CLAI'MED
IS: 1. A spouted bed device conprising: a cylinder
whi ch extends vertically; a closing plate which closes
a top end of the cylinder; 5 a decreasing di aneter
menber which is formed at a bottomend of the
cylinder, has an inside dianeter that decreases

pmqsgélﬁmd, and has a gas inlet orifice at

a * and a gas di scharge nozzle

whi ch pgsses t F?éd& t ‘| r}gn rom an inside

surface to anpbog SI Egﬂséglr(?%%ggtqﬁé}%o éhd whi ch

di schar ges gag@gm&m%ﬁtéﬁgﬁd%%ﬁ& Losed by a top
I'amet er me

surface of the ecreasi ng ér, a bottom

surface of t hﬁr&bé\}ﬁg:}ga@ @E?CI?EH)SSE aecﬁgréﬂdj@f ! Jflﬁfder;

of the cylinde I'n the gas di scharge nozzl S

provi ded abovg éecrkﬁgﬁ@?_ﬂ‘iﬁﬁef&drﬂﬁggﬂ ﬁgﬁf&h”?sdfﬁ%?l@ﬂnat a

the treatnent zone. he spoute vice of clarm

1boftoni heid csfMihé Séylinder, dedd ol @hsidBi Afhrhétet #R9S8Ecreases
above the gas inlet”" orifice in the treatnment zone,
hpfogressiveB dowhwiRl,Cind lils ANedsCafled R ab s

dgvm%grd, F}g cl osed 'at a tgp enhd t her eof, a%gsdhgghgm end
btidreof.emd t hat is spaced apart 20 from an inside

wal | of the cylinder, wherein the gas discharge nozzle

i s provided apgae disttharpeioerlecwilicH pasiesdhfdigsh e cylinder
A nultistage-type spouted bed device conprising: a
ciiomden wisidé sutfacelstoeqn i oalside surface thereof and which

discharges gas from a treatment zone enclosed by a top surface of the
decreasing diameter member, a bottom surface of the closing plate and
the inside surface of the cylinder,

wherein the gas discharge nozzle is provided above a
spouted bed that is formed within the treatment zone.

2. The spouted bed device of claim 1, further comprising a
deflector which is disposed above the gas inlet orifice in the treatment
zone, 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 gas discharge nozzle is provided above the
bottom end of the deflector.

3. A multistage-type spouted bed device comprising:

a cylinder which extends vertically;
a plurality of closing plates which partition an interior of

the cylinder into a plurality of spaces;
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25 a plurality of closing plates which partition an
interior of the cylinder into a plurality of spaces;
58 a decreasing diameter nenber which is fornmed within
each space, has an inside dianeter that decreases
progressively downward, and has a gas inlet orifice
at a bottomend thereof; a gas feeding nozzle which
passes through the cylinder 5 froman outside surface

L SRS e o
L R R0 T
t @b ﬂ%ds@g{i% ﬁaia}i@@ dt ﬁ%&?ﬂlﬁ% E(?f;,t he

out si e sar ace an I'scharges a

in each spaceg r%ast falid °E‘1bzifén€v i ya%gesbﬁ‘u%ﬁg?x {HEecyhnder

decreasi ng di afeter ne and 't osin

tﬁ@h@@ﬁ&ﬁtsﬁ@@ﬁﬁfaﬁettﬁ%ﬁﬁ%egé% rf 'E:Eelh or ik %¥lhlch feeds a

provi ded above a spouted

epsd tb) tRlaHRAL SPARRE ﬂ)ottB'ﬁ? el lo?:ta?&f He‘(%eﬁp%%t 88creasing

bed device of claim 3, urther conprisin

paiméuemaﬁbeﬁah@%@emm Pl‘atéftﬁeféb%l’é’@eﬂﬂ&bove the

gas inlet orifice in each at ment zone ave an
out si de di ames gas distMargd Ab2ARSS 'tHﬁiL?%‘lH) %ylinder
av

downward, are Closed at a top end th reo

bttt rtheridsideaguriace BO.thE @Rside furdieeandnwvhih ‘@édhai’ées a
the cylinder, 20 wherein the gas di scharge nozzle is

pgasi fterh, aliov eath esgxiw,t emtesatmeht eaetle drRidatsd Obet@vﬂﬂan the
bel ow t he cl osi ng plate directly thereabove. 5.

ndeareasingaliamptersmentlsst dirtithteslosimgoplagd theresbeove, 4

further conprising neans for trans errlng partlcl es
from an upperwherein the gas discharge nozzle is provided above a

spouted bed that is formed within each treatment zone.

4, The multistage-type spouted bed device of claim 3,
further comprising a plurality of deflectors which are disposed above
the gas inlet orifice in each treatment zone, have an outside diameter
that increases progressively downward, are closed at a top end thereof,
and have a bottom end that is spaced apart from an inside wall of the
cylinder,

wherein the gas discharge nozzle is provided above the
bottom end of each deflector and below the closing plate directly
thereabove.

5. The multistage-type spouted bed device of claim 3 or 4,
further comprising means for transferring particles from an upper
treatment zone to a lower treatment zone.

6. A polyolefin production process which comprises
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25 treatnent zone to a lower treatnent zone. 6. A
pol yol efi n production process which conprises 59
carrying out olefin polymerization by using the
spout ed bed device of any one of clains 1 to 5 to
forma spouted bed of polyolefin particles wthin the
treatment zone. 7. A polyolefin production process
mhlch conprlses 5 carrying out olefin polynerization

P08 A AN O A T v o
p?-hmﬁépg AL 55 O B
| B8 el bpgone © second Lyve of gas el

treatnegt zongs. Rg}yojgﬁnp%%ﬂ‘u%{@ﬁepé@%gé' %epogfoag rises

of claim7, furt conpri si ng

CEBTAA DL 001 S ANE g s o

wbeld dediol 6f HnyalonkOof \dlaih§ 3 6050d YBfin®h BASutelbed of

is different fromthe first type o gas,

polemnaritain s tetapikes 0 3 gat ot
wherein olefin polymerization is carried out by feeding
to at least one treatment zone a second type of gas that differs from a

first type of gas fed to the other treatment zones.
8. The polyolefin production process of claim 7, further
comprising the step of:

solid-gas contacting polyolefin particles removed from a
treatment zone to which the first type of gas is fed with a gas similar to
the second type of gas that is different from the first type of gas, before
introducing the polyolefin particles to a treatment zone where the

second type of gas is fed.
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