TI TLE OF THE | NVENTI ON SPOUTED BED DEVI CE AND POLYOLEFI N PRODUCTI ON
PROCESS USI NG THE SAME BACKGROUND OF THE | NVENTI ON Fi el d of the

i nvention [0001] The present invention relates to a spouted bed
device, and to a process for producing pol yol efins such as

pol yet hyl ene and pol ypropyl ene usi ng such a device, Related
Background Art 10[ 0002] Spouted bed devi ces which enploy a spouted
bed have the advantage that all the particles, even relatively large
particl es sevErALEOF THRDEVENTIGNze that require an excessively
hi gh gas velocity for fluidization in a fluidized bed, circulate and
are t horoughl YPOIKED AELsddENECEH nANDR p ROEIOREFIN ePRIGDUC HGNat e
characterized by the 15 C|rculatory movement of particles wherein,

wi der the actﬁ’]&éQﬁSSﬁ G AtHS84ddE at a high velocity froma gas
inlet orifice hQ n end af a cyllndrlcal vessel ,
there forms a25 SV ESLENpel ow as the "spout

porti o? ") Whl1§>l|ad1 3 L e partl cle concentration near the center
axis of the pm-l-r@f—e—ggg—'#g% within the 20 vessel and in which
particles fl e at
the peri pher 3“« OP Prqr h‘é %gﬁ{tgﬁ(lgﬁr{#‘éé‘rélQ%g%tﬁls%Fg&gcegfb\%ﬂe?é? pér%ﬁfggs
fall in a noviragedsedfoit apRUBHER Pb@dlé‘ﬁﬁs}le@ﬁ&l ofasar gl Edhy 1&&00%(1”

is known that there remai ns room i nprovenent in spout ed bed

devi ces fromidigpbatalpaisiig sich hdesioki d- gas contact efficiency
25between the particles and the gas. One neans for enhancing the
Related Background Art

10 [0002] Spouted bed devices which employ a spouted bed have the
advantage that all the particles, even relatively large particles several
millimeters in size that require an excessively high gas velocity for
fluidization in a fluidized bed, circulate and are thoroughly mixed. As
used herein, “spouted bed” refers to a state characterized by the

15 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

20 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

25 between the particles and the gas. One means for enhancing the

solid-gas contacting efficiency between the particles and the gas while



solid-gas contacting efficiency between the particles and the gas
while maintaining the excellent m xing properties of a spouted bed,
descri bed by K. Takeda and H Hattori in "Spouted bed device provided
with gas outlet in sidewall" (Kagaku .Kogaku Ronbunshia 1, No. 2,

149- 154 (Kagaku Kogaku Kyokai, 1975), involves providing a gas outl et
in the sidewall of the cylindrical vessel in which the spouted bed is
formed. SUMVARY OF THE | NVENTI ON [ 0004] However, because the gas

outlet in thenﬁmgimngfi% BedetRVeAendfEG pragdrt df a gﬁ&ﬁé&i beH ﬁéescéie%%ﬂ

formed in the sid of a region where the annular partic

portion of thiey ¥pdlikedaad HsHatoried, “Spbtethbyd davice gresidRad@th Us
bei ng di scharged fromthis discharge outlet together with the gas.
Hence, there @itigieina siteahll’o (Kageky |KegukauRorbansiuadpaNat & b49-154

substantial sjze su ag a filtration unit to prevent the discharge
of particles agéf(PgﬁgéﬂyKﬂﬁ%(@hf1<?r759,e'é18915‘f€i5r@OHI@’@&@rdeW#ﬁtlncﬂhes.
15[ 000 It is, ;theref.ore an object of.the.present invenijon to

prE)vi dg’)a spo%g%‘ﬁg%ggabee?ﬁggﬁm? CASHra ¥ eép@gﬁ‘&b wilgAngd: s
abl e to subst i [ hdr gas contacting efficiency in
the annul ar _ _ IIIJ% ﬁbﬁ' outed bed. Another object of
the inventiomooe4} MRy@Erd®eang! y}fgo%g P@Ladﬂp&h@&g%%?ﬁ%dmé%e

uses such a spouted 20bed devi ce. e spout Vi ce

accordi ng t o destiibed bP'SKedTak@da ehel.i wiebihed iillilQhéa'Q‘,i?diavfl’alPh’)'fia”?e%r on
whi ch extends vertically; a closing plate which closes a top e of

the cylinder ;wherdetheeamiubay parivht dednportien ehitehspeutédrbeedisaforted,

bottom end of the cylinder, has an inside diameter that decreases

progr gési vel yngswpagides gndedhayp fetngs dischangedr frpinc thiatdischzoge amtlend

thereof; and tggg(ﬁgr \(zjdit?)ct?xgrg%(sa. n eznlcg, tm}{rcleirg Qro%gsasr?esedt t%ri%l;’glrl]l an auxiliary
apparatus of substantial size such as a filtration unit to prevent the
discharge of particles or a recovery unit for recovering discharged
particles.

15 [0005] It is therefore an object of the bresent 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

20 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

25 that decreases progressively downward, and has a gas inlet orifice at a

bottom end thereof; and a gas discharge nozzle which passes through



the cylinder froman inside surface to an outside surface thereof and
whi ch di scharges gas froma treatnent zone enclosed by a top surface
of the decreasing dianeter nenber, a bottom surface of the closing

pl ate and the inside surface of the cylinder. The gas di scharge
nozzle is provided above a spouted bed that is formed within the
treatnment zone, [0007] In the spouted bed device of the present
invention, a gas is made to flow inward and upward at a high velocity

from the gas theloylinder fione aat inshie boficemoeead ®ftsitbeuefcs ehsiedd and

di aneter nenber and into a treatnment zone where particles are held,
t her eby f or miwigich digsbatrged gae drond aviaatinant tunet enchisedrity zmpesurfeendt ed
above, the sp%gut ed bed ;@ conposed of a spout portion and an annul ar
particl e bed.lh&ggeregsingrliagstermambes g bepmi sirfacerafithe desing mlete

el nder of Aot bR fl @ée“ﬁﬁﬁﬁe RRbngene TR Gas laqEé?a’;eﬁfS?a%“ﬁ
i r 8 _ o _ v
possi bl i n trarisd 8pb0eaRAbHeGbER B s Bfud b P B e i ng
treatment or [peOTNELER Podks E&Fdéﬁé&&fﬂﬁ-%&%ﬂ%vwiohhg %ag?yh%‘aebed
at has owe n

device of the present invention, the gas t war d ‘and

upward from thdlagasnwildeindupiatdat b mgmﬂglo@ftytﬁérﬁghéi%ﬁ hAle@8fifice
directly fromthe top of the reaction zone, is 20 di scharged

| ateral |y fraithegbsttainsehdrgfe tho zieceeabopneiarhetet haempki rer intoher eby
i ncreasing the anount of gas which diffuses through the annul ar
particl e bedtisstnerzane wheregpuaticled abebicldaghereby dutmingi sspdiseditoed! ar

particle bed rrtign of the spouted ped, the solid-gas contacting
ef fi c%ncy bé‘ﬁ&é@nﬁ{%@%ﬁmﬁﬁc@@an $ Heotedl eabaves oti€aspRwgd ghed 1S

parti ol o. éﬁgﬁgﬁl&h&&ﬁﬁw&%ﬁgﬂ@%@ﬂ 3 o5 RF Brticl bl SRR «
S Govat | i B ks bRAT dhoRBA A BA% A REOYOAEE AL RO apd
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with the gas fromthe gas di scharge nozzle can be reduced to such a
degree that the alrdulat pamiclinbéd.or Byeotidesas ¢otitictirigl thensdritles dndy be

of a small size. An additional advantage is that the pressure |oss
can bk nade gas in thienvay it awpofdbiledin theespomteahbed elesireutbeshthed thevi ce
may further include a . .
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
20 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.

25 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



defl ector which is disposed above the gas inlet orifice in the
treatment zone, has an outside dianeter that increases progressively
downward, is 10 closed at a top end thereof, and has a bottom end
which is spaced apart froman inside wall of the cylinder. It is
preferable in this case for the gas di scharge nozzle to be provided
above the bottomend of the deflector. By positioning a deflector in
this way, particles which have been bl own upward by the gas can be

kept f i , : [ I
o1 ocat ot abbye TRe BORCon anPrar PRnE BE LR AP i RE0R RRpROME ©

particles di sahaigeshriicRBddsortias otfitﬁ&]mfla@d Bed i RrhRactReim¥hitivt he

gas can be reduced even further. [0010 n a conventional fluidi zed
bed device, gartiolktahat dreekitbargbdzwitk theighs fiens deupeddischapdeioziR
suppress particle scatter. However, in 20 the spouted bed device of
the present iganchg feshicedits posti aglegredehhies fidtration uhié cabesmede sinit] Bfed
manner _enabl es e scattering of particles tgo be suppressed. As a

t ) A
result? the flflé@ﬂ@(é,rmaiobfeOEarismﬁé siger t dmerdditiaralmviantagssisithatetheo

achi eve a higher volune efficiency..than iin a fluidi zed bed devi ce,
25[ 0011] Geng?rﬁfﬁ“&? Qfﬁﬁé‘ﬁné’(?r%%\‘%eﬂ}/f@f:{eﬁaé{ IWi di zed bed, a spouted bed

3, krovn o agRapake Sl SHhina W0, FEL! B, N5KhEL RRR. D
P o of SEELTAARLS JA3S00 0V e o300 01 g
g][ e; :p% i iclrl\elgrﬁdnephwaﬂ batsidd diagteteraket fndeedses bARNER I FdlRodinstdribit i on
10 closed at a top end thereof, and has a bottom end which is spaced apart
from an inside wall of the cylinder. It is preferable in this case for the
gas discharge nozzle to be provided above the bottom end of the
deflector. By positioning a deflector in this way, particles which have
been blown upward by the gas can be kept from scattering. Moreover,
15 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
20 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.

25 [0011] Generally, when compared with a fluidized bed, a spouted bed is

known to be capable of exhibiting an excellent performance in terms of



5in the treatnent zone narrower than in a fluidized bed device. This
is effective in cases where, for exanple, a polynerization reaction
is carried out on polyolelin particles in the treatnent zone. [0012]
In a second aspect of the invention, the spouted bed device is a
mul ti stage device in which a plurality of spouted beds are forned in
the vertical direction. The nultistage-type spouted bed device of the
i nvention includes a cylinder which extends vertically; a plurality
of closing pl ptessuratiosh apdr dwingmo aircubitefy Aloveehb®fayk igaegele Nt a
plurality of spaces; a decreasing diameter nmenber which is forned

wi thin each spaée seagoamixig dwhithansireewhitatappeoxieases plug flow.
progressively }(]jom%ward, 15 and has a gas inlet orifice at a bottom
end t hereof ; ANgareeddi agvamiass ofwtec ipputed eked Ieviagh of hibecprasadier
froman outside SturfaC@ %o an inﬁ‘ii:glg%sur ace f hereof and which, feeds
a gas to, in SYENIYLLERAl Y §g g Eesigsnge dune diskanfiomel pagicdessi ng

G et o e Laiien kA 00-aal Bk 5 PR GYka BRg R a0
o ihe out= e oneand D SSERgRgR LB BEGH,

space; a treatnment reglon et wee easli ng

menber and t herdédsingn pbBlotefihpatithara thd Headatdofichar ge nozzle is
provi ded above a spouted bed that is forned within each treatnent

zone. [0013] [DA1Z2hén msetond ageect yfehs powdneidnp ek etk bed devidieny at 0
this aspect of the invention, as in the single-stage spouted bed
device  accdpuitistpgedlevies ini whichas phalityfoftspeutad/eatsi ve foyasb i tree
dischzbged | at er al. | making it possible to achieve, in the

. thereb
annul ar part ichrtécar;eélrﬁéﬂqel{-gn%m BadEstagsobined speigted abedi fdavigee | thehi gh
lid- i .effici . h i cl d .t he,
Bocause- each RGPS §aSYindlt HH5Rn bR keficily Sh i
th t of i . di di sgchat
szt e T ogetiarhl PRIES pHid pdifich AENREAGEL KA TPEE B0 RERAIS®
pressure | 0sofapacde A@dfemd dfirftet et whidiOt HorbBd Within each .\

mul ti stage-type spouted bed device according to t aspect o

i nvention, asphey,dldstan ofside daiment tEan@srédses RopRdsivBlyt BewHakd cal
direction, making it possible to achieve a space-Saving effect I n
i nstalPati onandihes a gas inbit exdtifadpoates, booausel thesqdib eds Hesting moizkle a
fluidized bed, .gives rise to mxing that sonewhat approxi mates plug
flow, the retdHth Gassesthrangst thepvtlinder &om be msidowadfate ta agi imsidar

degree 15with fewer, stages, tha en a plurality of fluidized beds
arg used. surface {hereo and w 1(;1'1 %neds a ggs to, 1n eagh space, a bottom zone

located between the decreasing diameter member and the closing plate
therebelow; and a gas discharge nozzle which passes through the

20 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.

25 [0013] In the multistage-type spouted bed device according to this

aspect of the invention, as in the single-stage spouted bed device



[ 0015] To prevent particle scatter and enhance vol une efficiency, the
mul ti st age-type spouted bed device according to this aspect of the
invention, |ike the single-stage spouted bed device according to the
first aspect of the invention, may further include a plurality of

defl ectors 20 which are di sposed above the gas inlet orifice in each
treatment zone, have an outside dianeter that increases progressively
downward, are closed at a top end thereof, and have a bottom end

whi ch is spacectcagiangt td rtbe)firan aspeitdef Wi lineéntidne gasks nderdisdhmrgech a
case, it is preferable for each gas discharge nozzle to be provided
above the bot {arRBRdtherebyanmking itepassiblatel abbieyey irhthechmmilagppitaie

directly thergabove, [0016] in t I tistage-type spouted bed device
of the inventg%cﬁpomoni e*}?}léPQP@gﬁé?rg&ué SH% ey %ﬁh&oh%ga& eQseErg i ng
particles fro n_upper. treatyrent zone to,a,l ower treatnent zone. For
exanpl e, an E]g%'l% e&wgoﬁeg’vﬁ&/ﬁg%r@a}‘ﬁﬁ'@? BRd et 89%q Aecapses each gas

transfeyring lic T Y i ty 0 s. of the
pr esen?i nven??gi%ﬁgﬁt'gl 137012“ yi"%dogbg{l)%rebf%hsgpo yhgél’i %et i%grioudﬁ B i ng
either of tNepAtieRstiue ahPAchtrdsdCfieRY LR Sal QAKHARRA nBPAKE 1bEether M 3

spout ed bed polyolefin particles wthin“the treatnent zone; 1n

particul ar, whith theegaoowandss eedied. MMbidovegetheypessreUubss chgthe
device is used, it is preferable to carry out ol efin polynerization

by feeding tomnade pefsienshyesmdld treat ment zone a second type of ga.s
t hat differrsdrr HL first type of gas fed to the other treatnent
zones. By e 093 gnst@éhméﬂﬁ*rﬁﬁ%mpei spowtedobed Islexicef eecardingplte, thio

fficientl d [.tist - pal i zed I -b d |
whi ch Rave’ crBEch o e By Spyite relbiality ol drepverhleqnrerire amaea b ihous
I -b pal . .15 |1 ed "high-i t .
ol yor opy! encritiod SREEORCIRIe i JRRRIC Rk A8hevEh SPacl TRtbp shrein
bl ock I 1)t 0 i ,
Fed to a | owarbradont I s nPRACARE eeai BOURRAPBYA. Ll 3F°
treatment zorfuidizedi edprgiles afakerof RiixihBethhe s8Rt Fh?g)‘&liﬁfajtéb plug

production process to include the step of solid-gas ntacti ng

pol yol ef i n pdtaw,cheseteation ¢iind dismibuticreedmnbehazonedtto adihthrtdegrdd r st
type of gas is fed with a gas simlar to the second type of gas that

i s di iPerent Withfewerestagasshan ywnof plysaljty ndtfhridizedtbeds acd wepdt he

pol yol efin pib l)éls s to a treatpent zone where the second type of gas
is fed. It | {5 il B eV ent; paricigageatisr eadpenhpacg awlumedeffisianisy, theper

25t reat ment Zn?tﬂ?is{argg-rpygee i srfj%u?erg rb%idnggvigg zgc%%r&]lglgy% %flfsnafpaez% ioCtJ ‘ﬁlse and

invention, like the single-stage spouted bed device according to the first
aspect of the invention, may further include a plurality of deflectors

20 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

25 deflector and below the closing plate directly thereabove.

[0016] In the multistage-type spouted bed device of the invention, it is



entering into the |ower treatnent zone, thus enabling polyolefin
particles having the desired performance to be nore easily obtained,
[0019] The present invention thus provides spouted bed devices which
have a sinple construction, yet are capable of substantially _
inproving the solid-gas contacting efficiency in the annular particle
bed portion of 5a spouted bed, and also provides polyolefin
producti on processes which enpl oy such spouted bed devices. BRI EF

DESCRI PTI ON CpreTtiabRRAVINGSde meandif6r rahSfetriSe HRar@iles HMaBVArPfupder
first enbodi Crrgrnt of the spouted bed device acc%r ding to the present

invention; 10&k@men2zbse o sdownntreatnwintwoné. aFseexardplrho djgvedt o104
the spouted. hed device according to the present invention, .
FIG 3 is an efPwRgrmesaayhe dnaployod os shis tiapairing owaos. t he ol efin

Sféﬁﬂeéhéi‘ﬁ kgfhﬂﬁ???@%[npbﬁ i E'@ﬁugﬁo@&@ﬁp% of thengrassPheReRtan and

conparafive exgupl CCarrying out olefin polymerization by using either of the

inventive spouted bed devices described above to form a spouted bed of

polyolefin particles within the treatment zone. In particular, when the

above-described multistage-type spouted bed device is used, it is

preferable to carry out olefin polymerization by feeding to at least one

10 treatment zone a second type of gas that differs from a first type of gas

fed to the other treatment zones. By employing such a method, it is

possible, for example, to efficiently produce multistage-polymerized

propylene-based copolymers which have crystalline propylene-based

polymer segments and amorphous propylene-based polymer segment,

15 are called “high-impact polypropylene” (in 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

20 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

25 treatment zone from being entrained by the polyolefin particles and

entering into the lower treatment zone, thus enabling polyolefin



DESCRI PTI ON OF THE PREFERR FI EMBODI MENT [0020] Preferred _

enbodi nents of the invention are described in detail below while

referring to the attached di agrams where necessary. Unless noted

ot herw se, positional relationships such as up-down and 20 |eft-right

are based on the relative positions shown in the diagrans. Relative

di rensi ons of features shown in the diagrans may not be true to

scale. [0021] First Enbodi ment Polyolefin Production System

FIG 1 shows panivlgwhafing thy debitetiperfosmahednolOOMoré eiBi distatedt he

First enbodiment of the invention, This production system 100A

i ncl udes an o(@F19] Phepuisgnnevention dhus pactides poatad] bed deeites which

pol yneri zati Oﬂ reactor 10A which is connected as a subsequent stage

to the ol ef i nhpY&pBcRis conttiushioneyet are sapaptoaf pulditattially improving

Prepol ymeri za%eogolﬁgggst gc;ntacting efficiency in the annular particle bed portion of

5 a spouted bed, and also provides polyolefin production processes which
employ such spouted bed devices.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a first embodiment of the spouted
bed device according to the present invention;
10 FIG 2 is a schematic view of a second embodiment of the
spouted bed device according to the present invention;
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
15 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
20 left-right are based on the relative positions shown in the diagrams.
Relative dimensions of features shown in the diagrams may not be true
to scale.
[0021] First Embodiment
Polyolefin Production System
25 FIG. 1 shows a polyolefin production system 100A according to

the first embodiment of the invention. This production system 100A



The ol efin prepolynmerization reactor 5 polynerizes olefin in the
presence of an olefin polynerization catalyst to fbitu polyolefin
particles. [0023] Exanples of the olefin prepolyinerization reactor 5
i nclude, but are not limted to, slurry polynerization reactors, bulk
pol ynmeri zation 10 reactors, stirred tank-type gas phase

pol ynmeri zation reactors, and fluidi zed bed-type gas phase

pol yneri zation reactors. Any one of these reactors may be used al one,

a plurality ofncledest cars olefinhepr2poBniatatidhy fegctdsed idhdcoabi Radfi,pn,

or two or nore reactors of differing types may be used in

conbi nati on. pelya2usatishueactop bl veliich as comectataos subdtguentytape toised
i ncl ude known pol yperization reactors, such as the stirred tank-type
reactors and ﬂ@dﬂﬁ?@é@@ﬁ@?fﬂ@%@@ﬁqﬁéd i n Japanese Pat ent

Publ i cati on 12916, Japangse Patent Publication No. 546-11670
agd Sapa;esehﬁ’ﬁzéit]olﬁﬁﬁljfg’eﬁ?b’ rNS?IOB 28379, Slurry pol yneri zation
¢ ) ) : - . d.b
hading an ol et in movbnarns AR TEerERoR Bk o S Babbe BTt i dhe
sol vent such aly t c(e. a b

i sobut ane, pe tgﬁge ﬁigggﬁepfehﬂ%%gg& Egg%}éérg)&%?ly%qgi ?@%I #él@%eﬁn

hydrocarbon (garficlescycl ope. ntane, cycl obexane), an olefin
pol ymeri zation catal yst is 25di spersed in the polynerization sol vent

to forma sl uj0023] dxdmgdéy of thezaletiarprepolyaiari Adoautadtor 3 intRide, Bher e
the polyner that is formed does not dissolve in the polynerization
sol vent . Pol yarernotdimied ite, slarmyi polymerization reastpes; atulic @odydenzaisaur e
at which the polynerization solvent is maintajned in a liquid state
and t h@ pol yri§RCPRat Stiged otapkdyne e&ashdthage spelyweerizatione reactors, and

polyen! 22t SARNEL T P R S SR SRS | Al Ll

e R AT B WLTRYT bl Pl

that may be ufgg benskdd8 ckRAation, or two or more reactors of differing types
may be used in combination.

15 [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. $47-42379. Slurry polymerization is a process

20 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

25 dispersed in the polymerization solvent to form a slurry, and

polymerization is carried out in a state where the polymer that is formed



pol ymeri zation reactors, such as the stirred tank-type reactors and
10 | oop-type reactors described in Japanese Patent Publication No.
S41-12916, Japanese Patent Publication No. S46-11670 and Japanese

Pat ent Publication No, 847-42379. Bul k polynerization is a process in
whi ch an ol efin nononer such as propylene or 'buten is used as the
pol yneri zation solvent in the substantial absence of inert solvents
such 15 as aliphatic hydrocarbons (e.g., propane, butane, isobutane,

pentane, hexadees Rt dslveGhane) paRghaidaena! ssvimdr %@;{ﬁ@ﬂiaﬁ& 9s >
cycl opent ane, cycl ohexane), an olefi'n polynerization catalyst Is

di spersed i n theiguobynar a zahperatiwel arrhpresaund alodvhiashrﬂhé?dlme'ri%ation
carried out in a state where the polyner that is forned does not

di ssol ve in tBelveot pomainsainedtinom lispid etate apd|thepolyzaer thatiis foamed ed
out at a terrpﬁrature and pr_esage at which the polynerization sol vent
i s mai nt ai ned9P#s ROF displyesitathe Relymesizaion sedventhal he palpmesidatioes

foer h ) Zfi [hldtEnd? :%E?ﬁ%rzﬁﬁ%@&f%?ﬁ@tﬂgﬁ Pfﬁp&f%'é#é&f W d%%”@b 90
80C. T i i AT

to 10 wpan yEBFCZL TR, BORAIMESOR SEORLALIK 'JRRBN AN iR o
tank-type gasppRgse teqlomab,zaﬁéé Efcbr{é%gfyt ﬁhf‘n bhab mg'@f used include

known pol yrmeri zation reactors, e reactors described in

Japanese Pat e[0025pBulkapolomekizhtion Reactdid, thaf nal 68 tised dndiaBaN&stsivn
Pat ent Publication No, S59-21321. Stirred tank-type gas phase

pol yneri zat i opolymeaizationessmctars,wsiichh & thenctieredi tark-ypseousstatatgd i S
used as the medium and, while maintaining an olefin polynerization
cat al and ‘WopftyRe pstaghens idgseribaduiiai Jepanasat Patint hiPublibatioredNem by

S‘SF‘S%SIZZSG%?BM ARpRs SRt @sgss%ﬁg.ugaaasgsp;s@ amesa
110C, . 6 T. i i.

Lthiou. d bh BlenC POl R SAa PR Rl AOviREafBh S Bl
s gener | SR SRAERONOIRE SA87 L RESRIRR WIRLIAS i ARed BRAAE T 1
0.5 to 3 MPaGiol}RlpRafbn Ebweﬁ} zrgqlélg%s&amm @B SerRBastei bRl swm{]ﬂég ahdipn

reactors that may be used include known reactors, such as t

react dds descas biphatic hydeovesitorRatep), Aophneabitane, L oButpen piatane,
558- 201802, Japanese Patent Application. Laid-open No. 359-126406 and
Japanese Pat difxappphdptand, @mamg) dndplny®c hyro2ad0a8 (e.El, wiydlapedtane,
bed-type gas phg{e 20 ﬁol ynerization is a process in which a nononer
in a gaseous Scahexprel sy qlefinnpolymariznaiiandcatalyist ds ndispersgdi ing the

Il d zed ot SRUARERRRRC FENVRDH AR oyoly METRRGR o GRECHEBUI 2 Hate
int i l. i ol i . .
ngitator 1o aTadEoABe e Pehoid "Rt defon o SRarS it 158 i on
tenpepgt ure prg)rlgxgleg&éﬂiéxy sblvB. 0 PAlytrelatiBh §f B4R WoU 2R RheRathOT:

and nore pre
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
25 polymerization pressure is generally from standard pressure to 10

MPaG, and preferably from 0.5 to 5 MPaG.

10



from40 to 100C. The polymerization pressure should be in a range at
which the olefin can be present as a vapor phase within the fluidized
bed-type reactor, and is generally from standard pressure to 10 MPaG
preferably fromO0,2 to 8 MPaG and nore preferably fromO0.5 to 5 MPaG
[ 0028] Conbi nations of different reactors are exenplified by a slurry
pol yneri zation reactor or a bulk polynerization reactor, to which is
connected, as the subsequent stage, a fluidized bed-type gas phase

pol ymeri zati o ¢St &nﬁﬁ :

pol ymeri zati o df%jt%%gf{ﬂg%%f?ﬂp@er a1 #@gzgﬁaléqgﬁ%itﬁat {nﬁ’kbef or
separating unigictifdudd %Mrpcﬂgh%i‘i%ﬁﬁéﬂt 16aBtosd)| ¥EeH ds" @B Alettofs
pol ymer particles may general l'y be provided between a slurry

pol ymeri zat i odesceided i JgpanasdRhtenp dlpyiiesticalathop&adlooS48:81,696 and
connected thereto as _the subsequent stage, a 15 gas phase

pol yreri zat i olapasesst PatentcPutdication| Modi S¥H2b321L .t y Stirgdstapkaype gas
pol ynmerj zation reactor, a stirred tank-type gas phase pol ynerization
r eact or5I or t hhasgRAUFMERERYON &% 8r PIOSESSOIEPTIHCH A IiANOMeT oA gasaetsor

10A, However, .it i.s not, al s essential ,to jnstall a.flushing,tank
bet ween t\rlle bﬁ%’tl? B%I???élriafa %nmtea%?o?ngndwt‘ﬂ% FidntguRg an Yletin

Pol yor i zat | o HERRAjort AR rk BhShe It diref stlle itk 1 <
a reactor whigh fédihfBy Mdans! IF h SaiRRbAThE %&i’orﬂé’rsino@l%f rs%ttélgé Et)z;tef‘ﬂe

ol efin polymerization reaction on polyoletin particles
ol efin prepoligipadymediédn TRapbBMEizatln0RZMerdtiee & géidially from 50

pol ymeri zation reactor 10A shown in FIG 1 i's constructed so as to be
capabll® of fdonilh@’@ andgbreferpblyt érbrbedl 8o 406°Cs The polymerization
pressure should be in a range at which the olefin can be present as a
vapor phase within the stirred tank-type gas phase polymerization
reactor, and is generally from standard pressure to 5 MPaG and
preferably from 0.5 to 3 MPaG.
13 [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. S58-201802, Japanese
Patent Application Laid-open No. S59-126406 and Japanese Patent
Application Laid-open No. H2-233708. Fluidized bed-type gas phase
20 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

25 promote fluidization. The polymerization temperature is generally

from 0 to 120°C, preferably from 20 to 100°C, and more preferably

11



conposed primarily of a cylinder 12A which extends vertically, a
closing plate 15 which closes a top end of the cylinder 12A, a

defl ector 20 provided inside the cylinder 12A, and a tubul ar baffle
(decreasing diameter nmenber) 30 provided at a bottomend of the
cylinder 12A. It is preferable for both the deflector 20 and the
tubul ar baffle 30 to be disposed coaxially with the center axis of
the cylinder 12A. Fromthe standpoint of stabilizing the spouted bed,

the cylinder K B830oa00°@si FBePoRBECSatRIN nllﬂ‘élﬁ‘é;lﬁé @H&Md%ﬁ‘iﬁ@faﬁg@&?n =

m and. nore preferably not noré t'han 3.5 t he ol efi

pol yneri zat i owhieatieolefdAcara be garesdndmszoNapdiOphidecHithin the Oglize® | S
formed between a bottom surface of the dosing plate 15, an inside
surface of theed&yypenthactar2andhigl gameraly iftten sstarfdace poésstteetd 1OUW@RG,
baffl e 30. [Oogeé!: g\ftlgimn t he reaction zone 25, an ol efin-containing
gas flows upwaFederaplys iangH).g oo MPaly emdamgae prafesablyr fronc 8.5 doned
at a bg)ttom 11@&%%3 30b of the tubular baffle 30, thereby formng a
spout ed bed 8 ol yolefin particles (FIG 1). The spouted bed 8 is

de of [WoTal I icle bed.8 0033 h
Tubul or bat 11 00387 BB ABeRTR A rRRRL b EloiPR e Romiing my' ey or -

ubul 2 Fapere: " faS P PHSH Y
Formod at o oo o Caon ot b e UGCIZAAGE 1t Rpr AR WL i

formed at thecdinfetted) edihd0bubdequbgt tidde! ar fivadikbe B’EQI-@?E ?@é’ Phase
di sposed thereon a check val ve (not shown) so that polyolefin

particles w tpdlpmenigatieaceiaor ppaestRfeditmnietypt | gy stewss walpintHpaieh
t he gas inlet orifice at such tinmes as startup or tenporary shut down
of thdlol efi nepeioymeri zati on reactor 10A. [0034] In the reaction zone

25, a deflect rO éj) idei s%gsed t. a pos'tfj on that lies above the

t u]?:JI ar baf f 1 ¥033] AMEerpafivedy, 4, U@%@& ltObnSﬁparétél,lg'pTiléeac?%otﬁﬁrme
20 i ' . i

oot o 2 b BRI R PO BBt B 55 e hhtcbe

dof lect or 20 TouitRH BerReph Cf D et BEVRTIIBNER, s 30RE! oF % bulky

defl ector 20 "has a coni cal shape w'th op ‘en

an outsi de dl()p?]?h@fizﬂﬁfbrﬁbécf&rﬁfﬂ? 88N étbeis%’tgg@%%’%ug?t f’tﬁge,aa

bottomend 2 hat is spaced apart fromthe 1ns
cyl i ndér 12A gaRphise pelynidridativaveattoesudt aa flinwied tedltybegaviohhsd he

i nside surface of the deflector 20 and are taken up intdo the annul ar
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

20 subsequent thereto. |
[0030] Olefin Polymerization Reactor
The olefin polymerization reactor 10A is a reactor which carries
out, in a substantially gas phase state, an olefin polymerization reaction
on polyolefin particles formed by the olefin prepolymerization reactor 5.

25 [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

12



10 particle bed portion 8b of the spouted bed S. At the sane tine,
gases pass bel ow the bottom end 20b and are di scharged from gas

di scharge nozzles 70. [0036] Gas discharge nozzles 70 are formed in
the cylinder 12A which defines the sidewall surface of the reaction
zone 25 so as to enable gases 15 to be discharged fromw thin the
reaction zone 2%, In the olefin polymerization reactor 10A according
to the present enbodi nent, four gas discharge nozzles 70 are forned

at substant i akbypessth|pritiaely aff sa adydindet N AT wWESHT exRAtE alerE418£t 4 ON
of the cylinder ng (?ases V\y%i ch have flowed i nward and upewar d?}gr om

t he gas inl et closirfg f:]:ateoiS wiech clusean t3p ehdfdflthe 39linderst 2ada deflbetong
di scharged directly fromthe top of the reaction zone 25, are

dih schgr gedk! a@@_rmw'gded_rﬁmleidghthtemlm@r lgaeﬁ afidse rtabvgla¥ rafize ﬁﬁgcrﬁasing

i f1uses ot ?,ﬂﬁqietgm"sSsh%e?bgé)p%&ﬁaeeiéﬁa poforomncbe e Sladspédded bea

g A . . :

beq' 8, e sof BBt AR et ] B e aruiee b‘éﬁfaeli B 8E68ng
ne. S ! . ;

et or ooty o PRG0N FRSNE Seni R, 83 LSS IRABEDRCY, Bhrk b

within the r e%ﬁﬂ}?tﬂngeﬂﬁagﬁizil?g‘ﬂlé‘%foﬁtw B&E.rtﬂé’k%liﬁééruﬁie&ggs:gﬁY&iﬁé/ en

the top end 20a of the deflector 20. By positionhing t i schar ge

nozzles 70 at d'mmdnexeoﬂ]ﬁ‘e@iﬁblgtﬂw madfeUtthin 6fmpaid o€ preftably Ab€more

di scharged fromthe gas discharge nozzles 70 together with the gas

can be suffi cthant3.§ medlw ¢k olddmepolyherizptiondeactd? A0Aaai mgction ogas
di scharge nozzles 70 was descri bed. However, the nunber of gas

di scharle noz@reatment zonggt2y ismiormgdthstween adbritam steface ofithe lasiag

four or less than four, To di schar gas. evenly, the nunher of ga
di schar ge nozB 17% %irﬂ)‘%r &rzqweﬁgtcxi%ﬂﬁ rﬂl g B 3519e §ukaee Pl o
st abl e spout i reaction zone 25, it is desirable that

t he tubul ar S%ﬁ&ﬁﬁeiu]gf)bégﬁ@'y the follow ng condition. Nanely, the
rati o dAMB be s di : e =l i fi e
bottom end 3_0':?021‘2 Pt\ﬁgﬁiﬁgﬁgﬁagﬁhﬁ Fgﬁéoi %n fﬂgﬁﬁ-ﬁgbgagﬁfggag% Zf?mgg
150f the cyl iwsiesrdldAa higovelRi@biYmOa Fasahldt @tfice FRARA at™h Tttohhe

angle of inclination a30 of the tubular baffle 30 in FIG 1, the angle
of thd5insi deersliBOlaad the tdbelat Watflar3Opahéeby Iormiridh at speukal bedrd af |

is preferably at |east the angle of repose for polyolefin particles
present wit hipplyelefinypartigles 2@ 17he Tangipeutfd bed|§ maniade af38 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
20 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

25 polymerization reactor 10A.

[0034] In the reaction zone 25, a deflector 20 is disposed at a position
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20 is nore preferably at |east the angle of repose and at |east the
angl e at which the pol yolefmparticles can be conpletely discharged
gravitationally. in this way, snooth dowward novenent of the

pol yol efin particles is achieved, [0039] Although a spouted bed can
be formed even using a flat plate with a gas inlet orifice forned
therein instead of a tubular baffle 30, a region where particles do
not fluidize will arise on such a flat plate near the inside surface

of the cylindgfat i2Zdabée thert@bulat baffke3 ) and $atfes e@pad BBV ided tThe
region, the particles may fiise together into masses. To avoid such a

situation, itradls aftthe ddélsctoal@eisf tor priekientt spouket pblybldfim Brticteshfrem an
angle of inclination a30 which, as noted above, is at |east a given
angl e [0040] sqatiesingr ef Briabingkésorit tpassitiées [tecstmrten0 tha frieBoard @ohaye
an angle of inclination a20Q, i.e., the angle forped betwee_n th_e
out si de surfa%‘éabémgt%@ghéﬂ?‘é‘@‘?@%ﬁgen%@ E%édﬂé\‘q ontal, which is at

ol ST AR aD  ure SOEaEIALR,
prevent o3 {1 ek S Bl bl L kR SRR,

shost 500 MeYRPRAByR Gl 95,42 s B U e Lt p il
are each attagfladletrd2A. Particles that have been blown upward collide with the
inside surface of the deflector 20 and are taken up into the annular
10 particle bed portion 8b of the spouted bed 8. At the same time, gases
pass below the bottom end 20b and are discharged from gas discharge
nozzles 70.
[0036] Gas discharge nozzles 70 are formed in the cylinder 12A which
defines the sidewall surface of the reaction zone 25 so as to enable gases
15 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
20 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
25 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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the cylinder 12. A by supports (not shown). The supports have
substantially no influence on gas fl ow and pol yolefin flow The
cylinder 12A, deflectors 20 and tubular baffles 30 may be nade of,
for exanple, carbon steels and stainless steels such as "SUS 304" and
"SUS 20 31612. As used herein, "SUS" refers to a stainless
specification standardi zed by Japanese Industrial Standards (JIS). It
is preferable to use "SUS 3161," when a catal yst which are high in

corrosive ing LEIM . RIS | e “%-

enpl oyed. [O_O?S?JEAS }é%guv\%e?r?ﬁ&?%tl , a cﬁﬁ%ﬁdﬁ@&f%ﬁfe}c ee&lc%og %Cﬁe n

ol efi n-cont ai lﬁlheﬂfb&ﬁén'@n@%%ﬁ%oi@ﬁﬁ&&aﬁﬂs stiMted aBbVé levn dhe tHE
bottom end of the tubular baffle 30. The ol &fi n-contai ni ng gas is fed

into the reacthd20amfehddeligctoa 200mMBepssitiobthgdihenaseadisciaoge nbhgek i ne
L30. In addition to the gas feed nozzle 60, a discharge nozzle (not
shown) whi ch 78 a spablacheghtdithe Aemoyinnhgf pettioddsewhichparet disthasgerdt fitome
end ofeéeactor operation may al so_be provided at the bottomof the
cylinde? 124, the 8@ disshaiggrezziese’ ( teaaiherovithoihg egasr eamabaisnificiestiye

the cylinder 12A at t end of ..reac operation, it is preferable to
provi de an inf%‘ﬁ\cﬁa' rrgﬁﬁ%ggf' ﬁyllﬂgersltrééé‘ag’fnga uFrg\?érdﬂ%haE%n%oz(zﬁfbi J78
shown) at a pQsi.ti.on.:\H C n@t. | A: t. th
Dot tom of ¢ he apeRa it 5 A16RERera e b s liboheBES i 18 i ol ca
to the gas di 08 MO%Z i i [.SC e
reaction zoneﬁggﬁ%asﬁ)pr ovi %Ig(g 1tat?ﬂa hg%g&oﬁia?‘hgﬁfgy i %grtﬁéfg%{&llherr%as
di scharged t hdizuirgthgagas elys Chirr Giuftberi BE g4 disthafds TRV IeAIME]S
particles renoved, therefromby an optionally furnished cycl one 62
and padkes t hpmdedabbyoat leass tweans or the |ike (not shown), then is

recycled by line L30. Aline L20 for suppl é/i_ng to line L30 an
ol ef i n- cont ai HIRJ] g fermpra stableespartedbedsE dorthecteaetion zone 25, iihds

i gher than t HESTFRBH dhetuills N D00k b bEdsty 116 folmeda qophaion.
cylinder 12A, Namely, the ratio d,/dg between the diameter d, of the gas inlet orifice
at the bottom end 30b of the tubular baffle 30 and the inside diameter dg
15 of the cylinder 12A is preferably 0.35 or less.
[0038] Also, the angle of inclination o30 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 o30
20 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

25 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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and supplies polyolefin particles containing solid particles of an
olefin 20 pol ynerization catalyst to the reaction zone 25. In
addition, a particle discharging line 35 is connected to the tubular
baffl e 30; polyolefin particles that have grown within the reaction
zone 25 are discharged through the particle discharging |ine 35 Two
val ves V71 and 1172 are arranged in series on this particle

di scharging line 35. The polyolefin particles can be discharged in

the next st eptHéyi|n§idE_C§ﬁ ¥ ed Vthanslinag gg%.clg§ia%sﬁxlfe,ea@e YRB8# heat

[ 00461 Accordi ng in the present e I ment, a polynerization step

whi ch uses tweni®agi®klsis ke€zionathePefit1Bs PABPRIsY 1BFdtEE in@NnTa8BL OrTd
and an ol efin polynerization reactor 10A--is achieved. In this way,

the ol efi n prapmod\swehix sithation; éact thusSdesifablt fort the tpbhlandnifftatlitoto and
growm h of polyolefin particles, creating relatively |arge poiyolefin
particl es havhawg an pagle of endinagionfapl eflichphy nate&/ abaste, 539@t least aor e
prefer aSE' y at least 700 pm and even nore preferably at |east 850
kiln, thereby8¥#aBNEKy the formation of a nore stabl e spouted bed.

0 "which uses09AP] T BIRREReSledBe MY SefliTab 20 RIS Fos BAee i Roel F° |
| ses s ! - | UPET]
e aryat or - prefiad iEe0L & el Bufiabor RRe R OB SUHREL BEHALT
pol yneri zat i ofefleResi 2 addthe ROGzASS WhibRky BElchgathb ARglcSo £ AspokE doout -

Al ternatively, one or nore additional olefin polynerization'reactor,
such 15 as aolpblefinnpprtibel yr@ehz avitoin teacytinder d2Aan bl ehisnway,

pol ymeri zati on reactor 10A, may be provi ded subsequent to the olefin
pol yndili zat i apolyelatinopartiolesscanabe taslequitielbyy preventddy fremi stickimg &1 ée
havi ng thr eedfr nore stages, [0047] A efin, Polyolefin and Catal yst
20Next, the Qﬂﬂ‘eicmr%bl yol efin, catal yst and ot her substances used in

t he producti e OQA accordi.ng to the, present enpodi nent are

hoecrt bod. 1 J0al T FRRdIee Brfea i rutn 2REIE R REReKPE M HAmple,
| yol efi t.i t.h di to,th t e di ne

ol yol of i -1 AR T B S o1 it 4t Hielia0bn Y shd%o

ﬁgfgl glmee][ I) n r@‘%ﬁ{% eﬂaﬁl}pétrlﬁilﬁ%S@.Ut by the polynerization of one or
(‘hornopol ynmeri-zati on or

15 [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

20 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

25 gas 1s 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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copol yneri zation), Exanples of olefins that may be used in the
present enbodi nent include ethyl ene, propylene, 1-butene, 1-pentene,
4- met hyl - 1- pent ene, 5-nethyl - 1- hexene, 1 -hexerie, 1-heptene and
1-octene. [0049] One or nore of these ol efins may be used.
Alternatively, the olefin used may be changed in each. polynerization
step. in cases where polynerization is carried out as a nultistage
process, a different olefin nmay be used in each stage. Wen two or

S . . vhen
oy be el oy BqeriEFier SPRpERAIIOR Al £38. | M SAIRIGEA e eht™
propyl enel et hide@ngddz1d Woene disthivgk end/zle (Rott %&vxil)fw&m@/dag%%_egf : e

and ethylenell -octene, in addition to olefins, I's al so possi

to use at thedselgirigneolyalefusartioleslay tey ¢l bNgaetbraypesatisiCiagslso

di enes. [0050] defin polyners (honopolyners, copolyners) such as 15
propyl ene ho (plrwded,atpt{led;dmm@tﬂwlcaﬂhldenddlAmeALs,o, po apgtuen the

e/ 1- but.ene copol yners and propy . !cite/ethyl enell-butene copolyners
may be “advant #9e8dls Py ReMtRIcEMainingh insite te cylindemnd 2dnat e end of

R B R T e g T
In Ich the rerons r r
For - exanpi o, HepEcof, B JRFEEF 8B 15 SAAVET ol 2, BO0BRYrbieobaser bpf
copol yner by ﬁlf&f’éregviﬁi‘gaé HB& aﬁ&%ﬁbgﬁ%@iéﬁhépyﬂh&éﬂ DA.

prepol ynerization reactor 5 an n polynerization reactor 10A
so as to for nﬁObathpgaswairscm@ngzli%L4orcda RQ dRE! s HscHABz 2R 221 8¢
0

olefin with a small anount anot her olefin to formrandom copol yner
parti dles, tHAhwhéeddisgharige gas tihs eleienictiohagee 25ws providedert thé yges
of olefin to these polyner particles in an additional olefin

Bl ol yome oAt o ot SO B e ar e
Cesi dence ti HHIGRAY hapget-gAtraime rp@rtéq]lés rqmw@%mi]i@nibynm enderallylon,
ol ymer ' par & oS EER S B2 AT B3 P Ging Rlaehs &ritfe Bisithor
reduci ng nol déh]Bgm f{é}%ﬁg}? e Q&g?@h%%%%&so}?ﬁﬁfehﬂﬁb ¥EPLGHPIFEAS Tine

propyl enepr opyl en rs,
10pr opgl ene- mrapyh NEARehilaoiify a9 RYd ANRE @B FNERONNEEES to this line
L30.

[0045] A line LS 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
20 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
25 particles can be discharged in the next step by successively opening and

closing these valves.

17



propyl ene/ et hyl ene- pr opyl ene/ et hyl ene pol yners and

propyl ene- propyl ene/ et hyl ene/ 1 -butene polyners. Here, a dash ("-")

i ndi cates the boundary between polyners, and a slash ("1') indicates
that two or nore olefins are copolynerized within the polymer. O 15
t hese, the production of nultistage-polynerized propyl ene-based
copol ynmers whi ch are pol yners havi ng propyl ene-based nononmer units,
are called "high-inpact pol ypropylene"” (in Japan, also customarily
cal | ed " pol yp[(fidy] eecobtiimgky, dafthe Wiresest emdimbay & polyaierizhiion step
propyl ene-based pol yner segments and anor phous 20 propyl ene-based
pol ymer segmewhich usesgwer actods--i/e. mad plefiragepolpeenmitiomeeacted 5 and
propyl ene- based copol yner can, be prepared hy the continuous

nul ti st age po‘IH}/r?i‘?fﬁ)llélqlﬁﬁ?rllﬁl%yeft?ﬂ@eﬁp%ﬂs @achiavay i he this way, the
hoi nopol ypr opyl ene se nts or random copolyner segnents .obtai ned by
copol yneri zi néeﬁns ll?ﬁ‘ff?oqi‘i‘?ﬁﬂﬁ?t@? r§ﬁ°tt9feg i ﬁh;é?tﬁthec YIBEHB@h eand

or opyl one. andeoatho e GeolS SRR rRgFAR o HIERE BT ol “Pptetin
ethyl ene and,pfiepy 'lﬁﬂﬁng ;dt‘ Phﬂfblprs?fee'%?‘é?rtegerélglg éteFe%P*Sgﬁie%Hl?'ﬁiHFé S

Such a copol yner has an I NSIC VIisco , measur e

1,2, 3, 4-tetr ghreerablgpati leAgl B pal, ahdobyeniosd prefeiib® af daky 850 1an,
range of fromO0.1 to 100 (gig. This nultistage pol ynerized

pol ypr opyl enethbabyd enapbhg méie hftsmexioal lofnta heate retsblst apogtedr ibgddi ty
and inpact resistance, and can therefore be used in autonotive
conponent s suUdawaEeihpe radscapastibler ta hawe thaddlymesizatoors spepc bagimg
cont ai,ners suc @ﬁs r et or&abl e .food packagi ng .contai ners, [0052

Moreov@r, in ¥ prese e ndyodngentcacty Breadess met wslusteuear odin
ight distri i f t.h | ef i , th | efi .

component o prigaheStheRizatiat oBeficrespof B sith ot SisiBs PRy BReaicsen

diff I . _ ; \ .

advant ageous TV ar ohoRRBbRmd Ao RaRy "N Rd Aedety1E Une, alefin,,

wei ght di st rigyimefzatiél reXA6P10A, 4 bRl gﬁﬁ@ﬂﬁ%ﬁi i%yca‘ilﬂégidiﬁ.d by

15 neasurenent as descri bed above for the polynmer conponent obtal ned

in the pol ymeAjtzabiioelysbepot htre pdodieeabolelie fulghesizatitn et sy ght
pol ymer conponent is 1n a range of preferably from0.5 to 100 di/g,

nore phef er alsisyarf rodefinl prep@@nuirizgtionndaetoert woran piafire pabiyefizaiom t o
20 di/g. This intrinsic viscosity is at least five tinmes the
intrinsic 20 9adend Py gy brerpsidedesubsemisnt datthe slefimeelymerizasion

pol yneri zation ste hat produces the | owest, nol ecul ar wei ght pol yner
conponent , Tﬁ%a“g?’ég%tsoi wgrﬁqﬂem'ecaaﬁola{mmaagam t}]aﬁﬂgd@@é @nercef i n
polymer in V\/%itac% di e anount of the pol yner conponent obtained in the
pol ymeri zati on ts'ep whi ch produces the hi ghest nol ecul ar wei ght

pol yrer conpq!g@m] @T@ﬁﬁ’,’ﬁcﬁy&%ﬁn‘cefnﬂr@&ai}ystto 80 wt % of the olefin

pol ymer .
20 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
25 polymer (olefin homopolymer, olefin copolymer)--production is carried

out by the polymerization of one or more olefin (homopolymerization or
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[ 0053] The ol efin polynerization catalyst used in the present

enbodi mrent may he a known addition polynerization catal yst used in

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

net al | ocene- t gqpelpmEiidatoat)al ystanpeepefi eftfimg shippardyi bg ased in the
naet al | ocene conpound and a cocat al yst conponent on a granul ar
carrier. Combpreadntogisbedimene declude sthytlons, pronyleat s b-thenes ddperfitofsA]

What is comonl ferred to as a, tjtani um magnesi um conposite

cat al yst may ‘ggq}égldf'ﬁn@é‘?al %e@ﬁl‘ré fe.A Keged j-Aeptgae and
preparation olfe_ ng%egl er-type solid catalyst. This conposite catal yst
may be obtain g 9 contacting a titanium conmpound, a nagnesium

B 200 0RO PIRR! S lon el BIchs ity bEMEM: "erh A0l e o

Ti t ani um conpoun be used t0 prepare catalys
are exenpl i figefiRyudedt MalUBR GRAR Gs [ : rqdp f
T (R X f s ey R héy’%ﬂr‘oca“'rﬁ%‘énﬂg?%%gmgﬁsﬁ fp 28@2[?%&5,

X is a hal ogemhatqulyaetzitie) isetdreied dut 9sa multheigs et at diffe28ad) -
Il'lustrative exanpl es include tetrahal ogenated ti%ani um conpounds
such as ti t arleiim megyr be hbast indeschtstagen | Wen atvedorainkox yleifina rarei nsed,
conpounds such as ethoxytitaniumtrichloride and butoxytitaniuin
trichloride: cpRdlegehativblapslinsopbinations that srydemeawpiayed iaslude

t het hoxyl it ani di id dcli titani di chl ori de. ;

25mongHal ogemPRUERT ARG | PRI AL B OB IS BY RS, Chitaes.um
hlorid d by ' [ i de; d, t I titani

compounds suSi Ay S0 B T She "o SHVRRSITS Rt Tese

(it ani . . . . .

mor ot hor eof S L BOR61C Danss, i Senaonie fRare REVREhARIAL AL

cat al yst copolymeric ingredients such as dienes.

[0050] Olefin polymers (homopolymers, copolymers) such as
15 propylene homopolymers, propylene/ethylene copolymers,
propylene/l-butene  copolymers and propylene/ethylene/1-butene
copolymers may be advantageously produced in the present invention.
The production of olefin polymers obtained by multistage
polymerization in which the proportions of the monomer units serving
20 as the polymer ingredients differ in the respective stages is especially
preferred. For example, it 1is 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
25 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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5 conponent A are exenplified by magnesi um conpounds whi ch have a
magi esi um car bon bond or a nagnesi um hydrogen bond and have a
reducing ability, and nmagnesi um conpounds which | ack a reduci ng
ability. Illustrative exanples of nagnesi um conpounds whi ch have a
reduci ng ability include dial kyl magnesi um conpounds such as 10

di met hyl magnesi um di et hyl magnesi urn, di butyl magnesi um and

but yl et hyl magnesi um al kyi magnesi um hal i des such as butyl mnagnesi um
chlori de; ai kiprekkokyotefimeti whesec pohonerdpagtitdés 48 an additional olefin
but yl et hoxynmagnesi um and al kyl magnes i um hydri des such as

but y| magnesi upPhyrhrization Thester stginesiuwlefimprapotisnénzdtiog @at®redori ng
ability may al SO@ES used in,the formof a conplex conpound with an

or ganoal um nuff c BURBP}’I{‘@W’FIPW reasser diliAre edusmpiesy ts)fmrragglemou\m
ds whi ch. k I bilj,ty jnclude dihal, t

magnesi um confSolREe SlieR ASTHRMEABSin el plafin PP REmeriALSRy FRGHES | b

hal i d h 0N . : :

chl or  de- and frka e ATRAAESL HE Lbbb R Bons! e KIRAMREG Wibimes

such as di et hgm:ra@gnegwfnaﬁmdapgmalowmeeﬁhg%f@e@vme%dﬁa%se

ear boxyl ates such as magnesium faurate maghesi um st ear at e,
magnesi um conpoldidg deféced | ack a reducing ability may be 25conpounds
whi ch are synt hesi zed, either in advance or at the tinme of catalyst

conmponent A pl08pat dkaoplevy a kofwn netshold fr ommlymers include
propylene—propylene/ethylene polymers,

10 propylene—propylene/ethylene—propylene/ethylene polymers,
propylene/ethylene—propylene/ethylene polymers and

propylene—propylene/ethylene/1-butene polymers. Here, a dash (“-*)
indicates the boundary between polymers, and a slash (“/’) indicates
that two or more olefins are copolymerized within the polymer. Of
15 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
20 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,
25 with amorphous rubber segments copolymerized from ethylene,

propylene and, as an optional ingredient, an olefin other than ethylene
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magnesi um conpound having a reducing ability, [0058] Electron donors
that may be used to prepare catal yst conponent A include
oxygen-cont ai ni ng el ectron donors such as al cohols, phenols, ketones,
al dehydes, carboxylic acids, esters of organic or inorganic acids,
ethers, acid am des and acid anhydrides; nitrogen-containing electron
donors such as ammoni a, amnes, nitriles and isocyanates; and organic
acid halides. O these electron donors, the use of inorganic acid
esters, organimd pebshlesd, eins N Prabhes ofi the Pegh@itivedpolydR29] Snéf ef red
inorganic acid esters include silicon conpounds 10 "~ having the
general for midapoRh& (OR8Y 4- an ( Wirtrigisie?2 i siseodityrlr oagr bameagudd ofn |
to 20 carbons or a hydrogen atom R3 is a hydrocarbon group of | to
20 carbons, ahd,3vhéetrabrydeonaphititalenaanhad$° (G uehichhistpreferalbly<indy range

s include tetraal koxysil anes such as tetranet hoxy

[l trati |

S by ane, et et Aorysi b D S oy e polmeried
ot 22' {7 et i%ijgﬁqpaf%@?baésﬁﬁ%mfm?%?bgww&ﬁ%fﬁe:? resistance, rigidity

| S u | L | . .
rnet hy?/t ri efﬁ%l%iﬁs{ﬁagﬁgﬁ Slgtaﬁ%’t %‘@t ﬁ%ﬁy?{éﬁ%@% %ut%etdr "Bt ﬁ%t?%?tf@ne,

isobutyltrieté&;&y i i I p :
ol Kyl i ol KoorSHenaIuaTEs bubitlld bid MoBE YR W805h Alfous packaging

xysi | ane,
yl di r net hoxsiconadigerdisauh vk détoBhblRXWsH lpatkaging containers.
di i sobut yl di net hoxysi |l ane, di -t-butyldi methoxys i |ane,

but yl met hyl di[0882] Morgei ¢ e tiriprdsettharhbodiatemoxipshrioaden the molecular
t - but yl et hyl di net bo_><¥r$i | ane, di net hyl di et hoxysi | ane,
di et hipdi et hoxgight adistribitian yofli Brenoxlgsnl qidymer, the olefin polymer

di i sobut yl di et boxysi | anc,, di ,st- butyld iethoxysj | ane, X
but yl i net hyl &P&ipr%?%ﬁ Praduced, in yePER(Y e PalBRy&atioangeRrh gay be given

t-butyl met hyl SHet- AP Y301 A0 weights.  The present invention is also

advantageous for producing olefin polymers having a broad molecular
weight distribution. For example, the intrinsic viscosity obtained by
15 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
20 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
25 polymer component accounts for from 0.1 to 80 wt % of the olefin

polymer.
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[ 0060] Preferred organic acid esters include nonofunctional and

pol yfunctional carboxylic acid esters, such as aliphatic carboxylic
acid esters, alicyclic carboxylic acid esters and aromatic carboxylic
acid esters. Illustrative exanples include nethyl acetate, ethyl
acetate, methyl propionate, ethyl propionate, ethyl butyrate, ethyl
val erate, nethyl acrylate, ethyl a.crylate, nethyl nethacrylate,

et hyl benzoate, butyl benzoate, nethyl toluate, ethyl tohlate, ethyl

ani sate, di et f§053§Ulle nalefin dpblyidrizatieai natlystdi @ellylinMhengigsent
di butyl nalonate, dinethyl maleate, dibutyl naleate, diethyl

i taconate, di bubpdimertcmantte, a kRosineadyitiophtoiwahatieatish catabist Yised in
phthal ate and dijsobutyl phthalate. Preferred exanples include

unsat ur at ed aPle5mapelymesizatioy. i Hlustiative sxemplesuipkluds egleadype sclidci d

esters, and malejc agid esters and, phthalic acid esters. Phthalic
aci d diester chﬁié’sﬁof(gn}ﬁd‘iégrqoggﬁct{r@ogﬁphm ¢atalysh EpmpoBRRanPIRISINGRG

et hers 4 ncl ud yl et s such .as 1:5djethyl ether, diputyl ether,
dii sobujt yl et ﬁteafiﬂljéi e{lrlf%’-llgg%e ,szlpg% at %lgpt,ropreciqmr GGf%TedeF‘her,
met hyl i soany “ j u p LI ex | es

i ncl ude di but?/?lsg? er@dg%léfg%?‘?ﬂs%g’?ry ‘%%Vevﬁmf 8@@5?511%‘1‘41@@{’% &Gfgtind
exanpl es of og@apoteraCarkt hal EBefohNgbntie ne@Ndnpo RANN
carboxylic acid Eal i des, such asoal i phat ic%mggrrl%%kgﬂachﬁ%l%&hg?%es,
ali cyclic cardpidytatalyats grepatddibg sapgosirpnaimetaflaedexybipodsd dnd a
hal i des, Illustrative exanples include acetyl chloride, propionyl

chl ori de, but§aoptalysil eempenentaberagramihocateer. actorhoinhtiond @fi these

inethq ryloyl chloride, benzoyi chloride, toluoyl chloride, anisoyi
chlori‘de, suc@dypisdptnpisade Wsgfonyi chloride, maleyl chioride,

R e 0 IO YR CAY N A LA
toluoyl chlordge,aied catalyst may be used as catalyst component A employed in
the preparation of a Ziegler-type solid catalyst. This composite
catalyst may be obtained by contacting a titanium compound, a
15 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
20 < a < 4). [Illustrative 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;
25 monohalogenated trialkoxytitanium compounds such as

triethoxytitanium chloride and tributoxytitanium chloride; and
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pht hal oyi chloride. Plithaloyl chloride is especially preferred.

[ 0063] Exanpl es of nmethods for preparing catal yst conmponent A include
the following. (1) Reacting a |liquid nmagnesi um conpound, or a conpl ex
conpound of a nagnesi um conmpound and an el ectron donor, with a
precipitating agent, then treating with a titani umconpound or with a

titani um conpound and an el ectron donor. (2) Treating a solid
magnesi um conpound, or a conpl ex conpound of a solid rragne5| um
conpound and ®RfraglkesyfiRRidANVomyhiddsa sﬁlbharﬁsu%ﬂl@%ﬁﬁ ‘(’?ntdh a
titani um conmpound and an el ectron donor. (3) Reacting a |qU|

nmagnesi um contptrabutowytitandurhi qihdsé titadiird oegyiu@ds thdybd he:duiggense of
an el ectron donor, and inducing the precipitation of a solid t| tani um
conpl ex. S4qonlﬂunah@ms of et ongordéhereafct i on product obtai ned in

met hod (1), 15(3). above with a_titani um conpound, or wth an.
el ectron dondﬁbégﬁl\éagneﬁm ndrat ma) ba Ednrﬁepamuqahalast

ol B oductc SRLAATY, B LESGHE0 B0 ShRsiLL LEnLuD compand v

presence of qﬂaéﬁ&ﬁﬂﬁ-sda%cﬁp ’Boﬁﬁn&ogr}gagnesmm-hydrogen bond and have a

reducing ability, and magnesium compounds which lack a reducing

ability. Illustrative examples of magnesium compounds which have a

reducing ability include dialkylmagnesium compounds such as

10 dimethylmagnesium, diethylmagnesium, dibutylmagnesium and

butylethylmagnesium; alkylmagnesium halides such as butylmagnesium

chloride; alkylalkoxymagnesium compounds such as

butylethoxymagnesium; and alkylmagnesium hydrides such as

butylmagnesium hydride. These magnesium compounds having a

15 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

20 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

25 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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20having a Si-0 bond is treated with an ester conpound, an ether
compound and titaniumtetrachloride. (6) A nmethod in which a solid
product obtained by reducing a titanium conpound with an

or ganomagnesi um conpound in the presence of an organosilicon conpound
or an organosilicon conpound and an ester 25conpound is treated by
adding, in order, a mxture of an ether conpound and titanium
tetrachloride, followed by an organic acid halide conpound, and the

treated sol i dmiagnssinseeniapbind havias adedidifg abiTingt ure of an et her
conpound and ti?ani um tetrachl ori d% or a mgxtur@é of an et her

conpound, tit HHI58thElectrac Hopoisdhatamdy ave esstied prepgrewathlyst component 7)
A nethod in which the product of the contact catalysis of a netal 5
oxi de, di hydr dcaclngde axygaesiontaining eledtearodencrs sutkian mh@émll&; _(p{hlﬁholss
contacted with an electropn donor and a titani um conpound, either
fol | owi ng treg‘?tﬂﬁ?ﬁ’ aﬁ?lhy ShARBYEWAC AgidagesieroolvprgaBis: OF shrganic

. ) i i i d h
e e sob) ARG LD GADBRES A somound suen
contacted W tfeahog Id@ﬁbfs%cﬂ%oafmﬁl%ﬂif anih8& HI1EL IR lf?odc’yaﬁz'itteg;eénd

foll ow ng treatnent
organic acid halides. Of these electron donors, the use of inorganic

acid esters, organic acid esters and ethers is preferred.
[0059] Preferred inorganic acid esters include silicon compounds
10 having the general formula R%,Si(OR%),., (where R? is a hydrocarbon
group of 1 to 20 carbons or a hydrogen atom, R? is a hydrocarbon group
of 1 to 20 carbons, and the letter n is a number such that 0 < n < 4),
[llustrative ~ examples  include  tetraalkoxysilanes such  as
tetramethoxysilane, tetraethoxysilane and tetrabutoxysilane;
15 alkyltrialkoxysilanes such as methyltrimethoxysilane,
ethyltrimethoxysilane, butyltrimethoxysilane, isobutyltrimethoxysilane,
t-butyltrimethoxysilane, methyltriethoxysilane, ethyltriethoxysilane,
butyltriethoxysilane, isobutyltriethoxysilane and t-butyltriethoxysilane;
and dialkyldialkoxysilanes such as dimethyldimethoxysilane,

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

diethyldiethoxysilane, dibutyldiethoxysilane, diisobutyldiethoxysilane,
25 di-t-butyldiethoxysilane, butylmethyldiethoxysilane,
butylethyldiethoxysilane and t-butylmethyldiethoxysilane.
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wi th a hal ogenating agent or wi thout such treatnent. (9) Treating

t he conpound obtained in any of nethods (1) to (8) above with a

hal ogen, a hal ogen conpound or an aromatic hydrocarbon. 15 [0064] O
t he above nethods for preparing catal yst conponent A nethods (I) to
(6) are preferred. These nethods of preparation are generally all
carried out in an inert gas atnosphere, such as nitrogen or argon,
[0065] In the preparation of catal yst conponent A, the titanium 20

conpound, or gmm]lm%&pd@guﬂfé sk esdters CiHéTBHé’“ﬂ-fcﬁfo?ulﬁ’étFJ&'i abhy

used after dissolution or ution in a suitable sol vent.

Il lustrative psbfphetional catboxytiolackhtstetspshieiles alliphhad icarbiwdilecaions
such as hexane, heptane, octane and decane; aromatic hydrocarbons

such as tol uepgerndlivyrbnesarbmiydicchcid hstersoand baomasiccbarbsxylic acid
cyci ohexane, nethyl cycl ohexane and decal i n; and et her conpounds such
as di et hyl et GEFIS. di Buslptive xamples doeluge wetod agetate, ethyl acetate,

tetra. hydrofura 0066], I n the preparatiagn of catalyst conponent
A, thehi/errper ﬂ}e{{hye} BFOHIH%AtF’ed’HB{ nBPQFEE’&"’EtF’or? i EHW?@:; eéf\yl valerate,
or ganomagnesi i fr -50,t0 +70C_.Fromt he

st andpoi nt of ca alngs p‘lg%’t ?t\})?fy%éaéleggg?tﬁﬂ ﬁ’ée%ﬂ‘y ey G| Renzodte,
preferably fr 0 I oM :- t t.
The dropw se gL(lj i?(i% 5%8 ??Freqnfgl?@ t%gj%?’gg@n%ﬁgés%?’u#ﬂ (%rr%?(l)llﬁ%%? (\g\ﬁﬁg

not subject teuoinatgardibetyl asuddimteat diethyli snA6AREA! dibutylomhalda4te, 30
m nutes to about 12 hours. Follow ng conpletion of the reduci ng
reacti on, subdieopibyl nrabeate,i dibatyiayaleetes aligthelitacdnasé, dibtsirercabhutee of
from20 to 120C. 10[0067] In the preparati on of catalyst conmponent A,
the reldlci ng diethoti aohthalgtepe dearbutgl plthalate t hedprdissehutyl ofphshadeteous
mat eri al such?a?. an. inorganic oxide or an _organi.c polynmer sq as to

al | ow the sol PHIgFediGeamplssi ippludgiimsaturpied alipbapie cotkoxydicerdid estesuch

HAERISIE R AT DT RE LS MO

2155 °h S ke ¥y SRR, B SBReBagLoan ¢ orides el ude

o oie, P TG A VR sned s SETIRLS

por oud 5 diethyl ether, dibutyl ether, diisobutyl ether, diamyl ether, diisoamyl
ether, methyl butyl ether, methyl isoamyl ether and ethyl isobuty] ether.
Preferred examples include dibutyl ether and diisoamy! ether.
[0062] Illustrative examples of organic acid halides include mono- and
polyfunctional carboxylic acid halides, such as aliphatic carboxylic acid

20 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

25 chloride and phthaloyl chloride. Preferred examples include aromatic

carboxylic acid chlorides such as benzoyl chloride, toluoyl chloride and
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20pol ynmers such as polyethyl acrylate, nmethyl acryl ate-divinyl
benzene copol yners, polynmethyl nethacrylate and nethyl

i net hacryl at e-di vi nyi benzene copol yners; and pol yol ef i n- based por ous
pol ymers such as pol yet hyl ene, ethyl ene-nethyl acrylate copol yners
and pol ypropyl ene. O these porous substances, Si02, Al 203 and
styrene-divi nyl benzene copolyners are preferred. [0068] The

or ganoal um num conpound conmponent used in the preparation of a

Zi egl er sol i dpldbR)yY shlofide. aPHKIRASY] QHI6ridd mspe&aﬂg?%n%and on the
nmol ecul e and may typically have one of the foll ow gener al

formul as. | e' [HU633 ExaRgR6A1e0-mahBIRS ok nptdpariapoyetalyst nebrdponerid A 0
R8 are each hydrocarbon groups having froml to 8 carbons, and Y is a
hal ogen at om ingludleghe foldlewing. al koxy group, R4 to R8 may each be the
same or diffe t. Also,.the letter mis a nunber such that 2 ¢ m 3:
10[ 0069] |||ué15 ’{}@8@)3&1%3@@%5%0@@99]4@@ e eempEFrguapeund of

conmponent include trialkylal umnu suc s triethylalum num and
trii so%ut yl al %@Wﬂ%l%@%ﬁﬁ&%&%cgégsgms with a precipitating

agent, then treating with a titanium compound or with a titanium

compound and an electron donor.

(2) Treating a solid magnesium compound, or a complex compound of a

solid magnesium compound and an electron donor, with a titanium
10 compound or with a titanium compound and an electron donor.

(3) Reacting a liquid magnesium compound with a liquid titanium

compound in the presence of an electron donor, and inducing the

precipitation of a solid titanium complex.

(4) Further treating the reaction product obtained in method (1), (2) or
15 (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 Qrignard reagent in the presence of an organosilicon compound
20 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
25 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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di et hyl al um nunhydri deanddi | sobut yl al um nunhydri de; dial kyl al um num
hal i des such as diethylal um num chloride and 15 diisobow al um num
chloride; mxtures of a trialkylalumnumwth a dialkylalum num

hal i de, such as a mixture of triethylalum numwth diethylahmai num
chloride; and al kyl al unbxanes such as tetraethyl di al unopxane and
tetrabutyl di al unbxane. O these organoal unai num conpounds, the use of
a trialkylalum num a mxture 20of a trialkylalumnumwth a

di al kyl al um nhajidakongpouad, and ahk yicatadmonane bsbseheé@ly adatbtRewise, of
triethylal um num triisobutylalum num am xtureoftri et Ayl ai um numand
di et hyl al uni nunxahe of adethesrcongiouadtamyl titaaiunmtetasch | dridenmr empx ke bF ed.

100701 Exanples of the el ectron donor conponent used in the
preparation ofl ﬁﬁlzir sgmpousg) tigniun sgtyachlonidd antban heter edthpowmd

el cohol <. (PBrBFE0dd Bhish () BoRyacer SraraBagh cuakrast aanetal
annychr i Ges: aqnch EisBRLARNl Fufbbelhm BTt i Bnor BT BbonRRin
e I e P VSOEAS L on Q58 SO <GAROATURREF =
following treatment with a halogenating agent or without such
treatment.
(8) A method in which a magnesium compound such as the magnesium

10 salt of an organic acid or an alkoxymagnesium is contacted with an
electron donor and a titanium compound, either following treatment
with a halogenating agent or without such treatment.

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

15 [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

20 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,

25 methylcyclohexane and decalin; and ether compounds such as diethyl

ether, dibutyl ether, diisoamy! ether and tetrahydrofuran.

27



[0071] Preferred inorganic acid esters include silicon conpounds of
the general fornmula R9"Si (OR'),4," (where RO is a hydrocarbon group
of 1 to 20 carbons or a hydrogen atom R19 is a hydrocarbon group of
| to 20 carbons, and the letter n is such that 0 < 4). Illustrative
exanpl es 10 include tetrabutoxysilane, butyltrinethoxysilane,
tert-butyl-n-propyldi net hoxysilane, dicyclopentyldinethoxysilane and
cycl ohexyl et hyl di net hoxysi | ane. [0072] Preferred ethers include

di al kyl ether ?OO@G]dIndﬂﬁEﬂlt%gax%HHHQ}f’%?alggti %(g‘g%en erA'i‘l tHeOeMetatBre HPR A

In the above formila, R R' are eac nt1y a I'near or

branched al kythe a¢dueyred ireadnelr adaidases %Ydré%oﬁégfﬁéﬁﬁlm%&ﬁﬁoﬁﬁd isto
20 carbons, althou?h RI1 or R12 may be a hydrogen atom Il lustrative
1

exanpl es i ncl gaeerdilpdrom -60 Hert708Camprort ther starddd2neficathlysobediyity 1, 3
-di rn et hoxypropaneand 2, 2-di cycl opentyl -1,3- di methoxyproparie,
[0073] O theded sogkitheempawiureosppeénakly famorifhiosiio*Coandomoeoind

of the gener alpreffgrram])! 0%155:58{0( %Z&Z lﬁxee r%%(\:z\ifigel Ia)clldition time for the
organomagnesium compound, while not subject to any particular
limitation, is generally from about 30 minutes to about 12 hours.
Following completion of the reducing reaction, subsequent reactions
may be carried out at a temperature of from 20 to 120°C.

10 [0067] In the preparation of catalyst component A, the reducing
reaction may be carried out in the presence of a porous material such as
an inorganic oxide or an organic polymer so as to allow the solid
product to impregnate into the porous material. Such porous materials
preferably have a pore volume at a pore radius of from 20 to 200 nm of

15 at least 0.3 ml/g and an average particle size of from 5 to 300 pm.
Examples of porous inorganic oxides include SiO,, ALOs, 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

20 polymers such as polyethyl acrylate, methyl acrylate-divinyl benzene
copolymers, polymethyl methacrylate and methyl
methacrylate-divinylbenzene copolymers; and polyolefin-based porous
polymers such as polyethylene, ethylene-methyl acrylate copolymers
and polypropylene. Of these porous substances, SiO,, ALO; and

25 styrene-divinylbenzene copolymers are preferred.

[0068] The organoaluminum compound component used in the
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preferred. Here, le is a hydrocarbon group of 3 to 20 carbons in

whi ch the carbon atons nei ghboring the silicon are secondary or
tertiary. Illustrative exanples include branched chai n al kyl groups
such as isopropyl, sec-butyl, tert-butyl and tert-amyl; cycl oal kyl
groups such as cycl opentyl and cycl ohexyl; cycl oal kenyl groups such
as cycl opentenyl; and aryl groups such as phenyl and tolyl, this
fbmula, RL6 is a hydrocarbon group of | to 20 carbons, illustrative
exanpl es of WhiepArdtivel siie Zsdgla eNd eallyst RAdH [eMt O SalsmehurASRBSY |
ethyl, propyl, butyl and perityl; branChed chain ai kyl groups such as
10i sopropyl, bend i e nicdedulbuind nawydtyipdcdllyahave ;oneyof dad Kyllowgimtips
such as cycl opentyl and cycl ohexyl; cycl oal kenyl groups such as

cycl opent enyl| genanal fargulagr oups such as phenyl and tolyl. Also, in the
above formula, le ismﬁggydrocarbon group of 1 to 20 carbons, and is
preferably a hydroéﬁ 3group of 1 to 5 carbons. illustrative

exanpl of organosi4jsGon_.c fids that nmay be used as such el ectron
donor gf)rrponent Si niﬂéﬁé@t‘% | - n- propyl di net hoxysi | ane,
di cycl opent yl gj ' 4 sohex t i.0gt ho i.Lane:
[00741] In thgi Eﬁ%@‘?‘% ?%‘%“%?ﬁgﬁz?%gjr e%s%%cﬁdﬂ%%t 3@’595, g‘ﬁkg HiVing
or ganoal um nu 0 g J 0

g ﬂbﬁpmetmém%;aﬁe, BEDY isSa Tﬁﬁ%e‘n{)‘?t@gléqgaﬂn r6119$<eyr1 gfgnmn%ﬁt(&;xf

of titaniumatons in catal yst conponent

1,000 nol es, gidppr &‘abdt! yaf cash betite 848e WoldFerehhe RIS tHORHIPROT
conponent is used in an anount, per nole of titaniumatons in

cat al yst conpsrremtmBer safchgkate? glrhy 3rom 0,1 to 2,000 nol es,
preferably fromO0.3 to 1,000 noles, and nore preferably fromO0,5 to

el g oy et i Lt
il conac SO HHp i bl sy o
:ggg: or. then %%Oﬁ)[%@? Wiupﬁiyn t‘ﬁ%ﬁWl@i‘c}%‘?‘%mAl ti’ryﬁﬁltdg%?ly,su%y t @ of
ot ni ng coraEmyIRiTibR Ry AL BCLER, 1 dfk SRR ° yhe;

respective cofiaRyeAlhfminmy DealRleouahth i a0 dthyBlufsMAC chidid® and
plurality of divided portions,

15 diisobutylaluminum chloride; mixtures of a trialkylaluminum with a

dialkylaluminum halide, such as a mixture of triethylaluminum with
diethylaluminum  chloride; and  alkylalumoxanes such as
tetraethyldialumoxane and tetrabutyldialumoxane. Of these
organoaluminum compounds, the use of a trialkylaluminum, a mixture
20 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
25 preparation of a Ziegler solid catalyst include the following commonly

used electron donors: oxygen-containing electron donors such as
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[ 0076] Exanpl es of metal |l ocene conpounds that nay be used to prepare
the netal |l ocene-type solid catalyst include transition. netal _
10conmpounds of the follow ng genera/ formula. In the formula, Mis a
transition metal, x is a nunber which satisfies the atom c val ence of
the transition netal M and L is a ligand attached to the transition
metal. At |east one occurrence of L is a ligand having a _

15cycl opent adi enyl skeleton, [0077] The transition netal Mis

preferably an alpa1d rHEg0UReom:s! Qlcﬁ,h?g%%,gceatrlﬁ)ﬁigﬂ&d bGidtable eQford }3)?

El enents (RIPAC, 1989), andl nore prefe rum - zi rcontum o
haf ni um organi®87 ﬁlor%hﬂé%ﬁis',—eﬂl‘ﬁl’d, i Parf el ARACAE L ey dri e bRl on
are exenplified 20by (substituted) cyclopentadienyl groups,

(substi t ut ed) nitnefemy¢orgainings eRottofisddigts sutled} ahi@osaiayiamines, nitriles
groups. Il lustrative exanpl es include cyclopentadienyl, _ .
met hyl cycl opeAR@dsanyphatesei Ofshesd elpctropeionadicemponents, inorganic acid
di met hyl cycl opent adi entgl ,tert 'éf-g;jrt | met hyl cycl opent adi enyl, nethyl’
sopropyf cyc | Sﬁ@fﬁme fip are pr ﬁé-l cycl opent adi enyl ,

[0071] Preferred inorganic acid esters include silicon compounds of the

general formula Rg,,Si(ORm)4_n (where R’ is a hydrocarbon group of 1 to

20 carbons or a hydrogen atom, R is a hydrocarbon group of 1 to 20

carbons, and the letter n is such that 0 < n < 4). Illustrative examples
10 include tetrabutoxysilane, butyltrimethoxysilane,

tert-butyl-n-propyldimethoxysilane, dicyclopentyldimethoxysilane and

cyclohexylethyldimethoxysilane.

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

of the general formula
Rll
I
R!*0—CH,—C—CH,—OR!*
|
15 Rll

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,
20 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 R15R163i(0R17)2 is especially
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tetranmethy cycl open tadi enyl, pentarnethylcyclopentadi enyi, indenyl,
4- et hyl i ndenyl, 5-nethylindenyl, 6-nethylindenyl, 7-methylir, denyl,
24ert-butylindenyl, 3-tert-hurylindenyl, 4-rert-butylindenyl, 54ert-
butyl indenyl,6-tert-butylindenyl,7-tert-butylindenyl,

2, 3-di net hyi ndeyl, 4, 7-di net hyl i ndenyl , 2, 4, 74ri net hyli ndenyl

2-met hyl-4-is, opropylind. enyl, 4, 5-benzi ndenyl

2-met hyl- 4, 5- benzi ndenyl , 4-phenylindenyl, 2-nethyl-5-phenylindenyl,
2- et hyl - 4- ph?mtbirreatenﬂere?,- fyy b -y dradrbbhydrongesy B, fol 20r@MYbns in

2, 7-dirnethyl tluorenyl, 2, 7-di-tert-butyl fl uorenyl andsubstituted
versions of thhicthdhe, cdrbon astemswineighbihiage theer eilecopl arelsetynddry or
' 1 gands tertiary. Illustrative examples include branched chain alkyl groups
such as isopropyl, sec-butyl, tert-butyl and tert-amyl; cycloalkyl groups
5 such as cyclopentyl and cyclohexyl; cycloalkenyl groups such as
cyclopentenyl; and aryl groups such as phenyl and tolyl. In this
formula, R'® is a hydrocarbon group of 1 to 20 carbons, illustrative
examples of which include straight chain alkyl groups such as methyl,
ethyl, propyl, butyl and pentyl; branched chain alkyl groups such as
10 isopropyl, sec-butyl, tert-butyl and tert-amyl; cycloalkyl groups such as
cyclopentyl and cyclohexyl; cycloalkenyl groups such as cyclopentenyl;
and aryl groups such as phenyl and tolyl. Also, in the above formula,
R" is a hydrocarbon group of 1 to 20 carbons, and is preferably a
hydrocarbon group of 1 to 5 carbons. Illustrative examples of
15 organosilicon compounds 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
20 of titanjum 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.

25 [0075] Catalyst component A, the organoaluminum compound

component and the electron donor component may be brought into
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| Dhavi ng a cycl opent adi enyi skel eton, these |ligands nay be nutually
i ke or unlike. [0079] Ligands L other than those having a
cycl opent adi enyi skel eton are exenplified by heteroatom bearing
groups, hal ogen atons and hydr ocar bon groups (excl uding
groups having a eycl opent adi ene. -type 15ani on skel eton). [0080]
Exanpl es of the heteroatomin the heteroatom bearing group include
oxygen, sulfur, nitrogen and phosphorus atons. Such groups are
exenpl i fied bywaldl. contagr ®elisre BEMEORYA HOURS  miltisPalek Yy BEQ R Fon
t hi oaryl oxy groups, al kylarnino groups, aryl arnino groups,
al kyl phosphi neagtogups , may ybprsesphatelp fidoupshe amdltistageatpodyBérization
al i phatic heterocyclic groups having on the ring at |east one atom
sel ect ed fr orficai®hgtheryermacted| within tiet reagtan. addtephatsyehgrarsy atwvonsf
anpl es of the hal ogen atons include fluorine,

| f
Ll or i e, by GRE S Campasai &2 e beneopeieBcu By rclr o, and the

| ifi ed l. kyl | | kyl | | .k . 0081
| Byands Tenfigite, AhfidhEn ttealiily SBHER: Moo bfonthiayohethe. O
linked th esi Lni . at .
Lol ooted T olRefectiv ciltfhdieRting) D8 tRbugiR3nte A0G XBERLirY Blality

phosphor us atdﬂ{ﬁvidbﬁlp@ﬁéﬁg.i ve exanpl es of such residues include
al kyl ene groups such as net hyl ene, ethylene and propyl ene;

substituted DRY6ERxagmdesnDfsuthalased neshpbinie! iRty be used to

(i sopropylidene) and di phenyl net hyl ene; silylene groups; substituted
si |yl ene gr oupsparactheasnetaitetdngitype ydodie cathlysteimelhalel ylaasiion metal
tetranet hyl disilyl ene and di pet hoxysilyl ene; and heteroatons such as
ni troggn, oxFQEHOUSGS pf thefrlloyisg geoeiss famulhese, net hyl ene,

10et hyl ene, di net h]\:lMl et hyl ene (i sopropylidene), diphenylinethylene,

In the formula, M is a transition metal, x is a number which satisfies the

atomic valence of the transition metal M, and L is a ligand attached to

the transition metal. At least one occurrence of L is a ligand having a
15 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
20 by (substituted) cyclopentadienyl groups, (substituted) indenyl groups

and (substituted) fluorenyl groups. Illustrative examples include

cyclopentadienyl, methylcyclopentadienyl, tert-butylcyclopentadienyl,

dimethylcyclopentadieny], tert-butylmethylcyclopentadienyl,
methylisopropylcyclopentadieny], trimethylcyclopentadienyl,
25 tetramethylcyclopentadienyl, pentamethylcyclopentadienyl, indenyl,

4,5,6,7-tetrahydroindenyl, 2-methylindenyl, 3-methylindenyl,
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di met hyl si |l yl ene, di et hyi si | yl ene, di phenyi si |l yl eneand _

di met hoxysilyi ene are especially preferred. [0082] Illustrative
exanpl es of netall ocene conpounds i ncl ude

hi s(cycl opent adi enyl ) zi rconi urndi chl ori de, 15hi s(rnethy |cycl open
tacii enyDzirconium di chloride, bistindenyDzirconiundichloride,

hi s(4, 5, 6, 74et r ahydr oi ndenyDzi r coni undi chl ori de, _

et hyl enebi s(i ndenyl ) zirconiundi chloride, di methy I s |lyi enebi s

thyl enebi s ni urmli chl oride, di methy | :
i mor iyl si | y1 S SRR SRR B, R IR Hetnindeny,

di met hyl si | yi 24at-batyngidenyeyc! openérduenidet$l,5- di - hack-RiNhdgnheno

Xy) titaniumdichloride. Additional exdnples”include conpounds I'n
whi ch the di civteat-bdeylingsnpleen subsérnttbut@thdsnyl) di fTEUh@Wlﬂﬁ%l(i)ﬂidenyé,
y

di phenoxi de groups. [0083] Cocatal yst conponents that nmay be use
t he prepar at i 43-dmethyindeyl, 4,7-dimethylindenyl, 2,4,7-trimethylindenyl,
metall geene tﬁtrr}leest}(l))lfltg-?sa(}p%gysl}lilieg;i,Udeor ganoal ut ni num)21(,3g-benzindenyl,
2-methyl-4,5-benzindenyl, 4-phenylindenyl, 2-methyl-5-phenylindenyl,
2-methyl-4-phenylindenyl,  2-methyl-4-naphthylindenyl,  fluorenyl,
2,7-dimethylfluorenyl,  2,7-di-tert-butylfluorenyl and substituted
versions of the above. In cases where there are a plurality of ligands
10 having a cyclopentadieny! skeleton, these ligands may be mutually like
or unlike.
[0079] Ligands L other than those having a cyclopentadienyl skeleton
are exemplified by heteroatom-bearing groups, halogen atoms and
hydrocarbon groups (excluding groups having a cyclopentadiene-type
15 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,
20 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,
25 aralkyl, aryl and alkenyl groups.

[0081] Two or more ligands L may be directly linked to each other or
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conpounds, organoal um num conpounds and boron conpounds, [0084]
II'lustrative exanples of the organoal um nunoxy conpounds

i ncl udet et ranet hyl di al um noxane, t et raet hyl di al um noxane,
tetrabutyl di al um noxane, tetraltexyldial um noxane, methyl al um noxane,
et hyl al um noxane, butyl al um noxane and | aexyl al um noxane, [0085]
Il'lustrative exanples of organoal um num conpounds i ncl ude
trinEthyIaItaninun]tr|ethylahirn|nun] triisobutylalum num and

ok T 2 ke 95U sk oA o O of
selected from among carbon, silicon, nitrogen, oxygen, sulfur and
phosphorus atoms. Illustrative examples of such residues include
alkylene groups such as methylene, ethylene and propylene; substituted
5 alkylene groups such as dimethylmethylene (isopropylidene) and
diphenylmethylene; silylene groups; substituted silylene groups such as
dimethylsilylene, diethylsilylene, diphenylsilylene,
tetramethyldisilylene and dimethoxysilylene; and heteroatoms such as
nitrogen, oxygen, sulfur and phosphorus. Of these, methylene,
10 ethylene, dimethylmethylene (isopropylidene), diphenylmethylene,
dimethylsilylene, diethylsilylene, diphenylsilylene and
dimethoxysilylene are especially preferred.

[0082] Illustrative examples of metallocene compounds include

bis(cyclopentadienyl)zirconium dichloride,
15 bis(methylcyclopentadienyl)zirconium dichloride,
bis(indenyl)zirconium dichloride,
bis(4,5,6,7-tetrahydroindenyl)zirconium dichloride,
ethylenebis(indenyl)zirconium dichloride,

dimethylsilylenebis(trimethylcyclopentadienyl)zirconium  dichloride,
20 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.
25 [0083] Cocatalyst components that may be used in the preparation of

metallocene-type  solid catalysts include organoaluminumoxy
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tri-n-butylal um nurn, conpounds include triphenyl carbenium

tri (nmbut ypanunoni um

t et raki s(pent al | uor ophenyi ) bor at eandN, N-cl i et hyl aral i ni um

tetraki s(pentafl uorophenyl) borate [0087] The granular carrier that
may be used in the preparation of 15 netallocene solid catalysts is
preferably a porous substance, illustrative exanples of which include
i norgani c oxi des such as Si 02, Al203, MO Zr@2, Ti02, B203, CaQ

Zoo, 13a0 andcdthf@ynds, ayganorlushiaysycorhpeuredssarglisdroaso indk.e,
inontnorillonite, hectorite, |aponite and saponite; and organic

pol ymer s suchl0984pdilysseativee awamplsisy pf dhg! mganaalulmnymexg dompbnyds

b I 0088] Metall ocene-type solid catalysts that may

be.used | nel ulidose mEHESIEHd AN BRanpl o ORISR GHS
lication Lajd;o S60- 3 ese Pat ent lLicati on

PP open No 12a8b S8 EBa i iingEane et dea R ARGHRoxdee anehS b Ghian LGRS

S60- 35@08, J P, :

Japanese Patg%ﬁyﬁgﬁvrﬂ)& %’nlﬁ?gla -oégg%%gﬁg}gl%%@,&%%anese Pat ent

Application L@od5PpRisttRive examples of organoaluminum compounds include

trimethylaluminum, triethylaluminum, tri-n-butylaluminum,
triisobutylaluminum and tri-n-hexylaluminum.
[0086] Illustrative examples of boron compounds include
10 tris(pentafluorophenyl)borane, triphenylcarbenium
tetrakis(pentafluorophenyl) borate, tri(n-butyl)ammonium
tetrakis(pentafluorophenyl)  borate and  N,N-dimethylanilinium
tetrakis(pentafluorophenyl) borate.
[0087] The granular carrier that may be used in the preparation of
15 metallocene solid catalysts is preferably a porous substance, illustrative
examples of which include inorganic oxides such as SiO,, Al,03, MgO,
ZrO,, 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
20 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
25 Application Laid-open No. S61-108610, Japanese Patent Application
Laid-open No. S61-276805, Japanese Patent Application Laid-open No.
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S61- 296008, Japanese Patent Application Laid-open No. S63-89505,
Japanese Patent Application Laid-open No. 113-234709, Japanese

Transl ati on of PCT Application No. 115-502906, Japanese Patent
Application Laid-open No. H6-336502 and Japanese Patent Application
Lai d- open No, H7-224106, [0089] Wien a netal | ocene-type solid
catalyst is used in olefin polynerization, a cocatal yst conponent
such as an organoal um num conpound or a boron conpound may be used
together if nege: S : t ) Qb

catal yat and The eoa ol e F A el N P 8505
contact priorjdpandel Matétd ApplRatibe PAldBBEN ZRbi OA3LERIGOI! | JapansRY be
separately fed into the polynerization reactor and cont acted w thin
the reactor. Tanelatiahi v€l PCTt hepplasipieat Ne EISPOTENE, sJapayiese Patenight
into mutual contact in a plurality of divided portions, 15[0090] The
mass mean partﬁppll@twnah%;dewpe@fNohé@ﬁﬁﬁ@kﬂr@fJapanml Ratenti Application
catalyst is nerally from5 to 150 um In a gas phase pol ynerization
react 03 inp Qlﬁtﬁﬂe&ﬁﬂo-t 737@669555 the scattering of particles to the

vean o o AU o Tkt BT Bt Sk
. . t
Grbodi ment by et 7aioah e R RbbE R (R ARS sl el d hifo R "
antistatic ad@inbpdifad JIOQBBHﬁfcdﬁh%&ﬁd‘ﬁm?cﬂeyﬁ?éﬁitégr%t;’rj@f‘it?@tc@ésﬁ?. % the
e O a chdln

present enbodi nent, concom tant use nmay al so be

transfer agersuchucdsess thydmmelbcéﬂé-t%ﬂw setdpestalyat arbuhat cawatdlbs:
nol ecul ar wei ght of the polymer. [0091] The ol efin polynerization

cat al y8t may domporent cad)l bel broyglepaty martudatdrvactqaial tpsheingifed ififor st
i nduces polynerization in a small amunt of ol efin, Exanples of

ol efi ns that theyPBbymerization geagiery mar imay i bp sepaAraely t fed ontd i the
that may be used in the above-described, pal ynmerization. In this case,
a single typdBymeiization mRagigandseantagiad ,“—%P tﬁ%\beaGForrmrAét%Wtﬂéerlﬁnt

pr epol yrrer | 230F SRSty et ipong i p I BREBRbANIT Al POReg) it Ay
pol yreri zat i . merization. O these, slurry
HhuidBEl BRRHRIAP S0

pol yneri zat i IS ‘preferred. e use
15 [0090] The mass mean particle diameter of the above olefin

polymerization catalyst is generally from 5 to 150 um. 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 pm, and more
20 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
25 molecular weight of the polymer.

[0091] The olefin polymerization catalyst may be a so-called
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10 of the latter in production is sonmetines economcally

advant ageous. Production nmay be carried out using a batch system a
sem hateh-type systemor a continuous system [0093] The mass nean
particle dianmeter of the prepolynerization catalyst is generally from
5 to 1000 um In a gas phase polynerization 15 reactor in

particular, to mnimze scatter to the exterior of the reactor, the
mass nean particle dianmeter is preferably at |east 10 urn, and nore

preferably at pregadyméfizition cathlysowaich fiitst irludes poBph@if@onting aRBUNt
of prepolymerization catalyst having a particle dianmeter of |ess

than 20 pm aRlosBpeef lefin| esExamphesi wfumlefins biat omay200a84fi The

pol ynmeri zation catal yst may be introduced into the reactor as a
suspensi on i npﬁf’pﬂil)ﬂp%"d%ﬁt%h iggludentherolehas| thes. mast rleduesedorinbyhe

entrai nnent W pnoner | ai)ggr .ar}.i nerI:Sld as such as nitrogen is_also
possi bl e. [0\8%@'%1’% b 3?0 §HZ3. oy $ 1§55t §’6‘ng t¥pe af oledin a
system4 s desgf.i,bed. 0 Fi I cfy. arti.ckes containing a
cat al yst corrpfg{rallgntﬁgI lhgg\gi %gh %’ol();/rsrteg’vrol g)gtl%ﬁgke g&ﬁ?&f# flﬁﬁlés RS 15 he
ol efin prepol ygpeitiezat i on reactor 5 by a known nethod using an ol efin
pol ynmeri zation catal yst. [0097] Separately fromthe above, an

ol ef i n- cont ai [I083] dvsthiods ffefl produding ehd $RepdlyMetiBaticry chgedt iéglﬁd'en
the ol efin polynerization reactor 10A, the pressure is raised to ’
pol yneri zat i optpragesurcé, lamided heo,i rflery opobfmeteatind | Be@r ga2Aphsse
heated. The polynerjzation pressure, which may be any pressure wthin
a range at WP K mEREaBpR | Pfitkeseagunyepadymessizatjop issprefarréch tHee use

reactqr, as a e,. 1S nerally from standard, pressure 10 to 10
MPaG, qr?r ef er a(g(iag“fr dnzplfogieustlﬂpda SORRRIABY ecpremigadlyl gdYansageadus. t o

G ' ' bel dard ,, th
or ouct i vi ty eyt 888 AR FREShE nERERthA A S A e P o

above 10 MPa'syRewh BFRRbnARASOS g}g{entlhe reactor may becone high. The
pol ymeri zation tenperature varres according to the type of

[0093] The mass mean particle diameter of the prepolymerization
catalyst is generally from 5 to 1000 pm. In a gas phase polymerization

15 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 pm. Moreover, it is desirable for the amount of
prepolymerization catalyst having a particle diameter of less than 20
pm, and especially less than 10 um, to be low.

20 [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
25 described.

[0096] First, polyolefin particles containing a catalyst component
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15 nmononer, the nol ecul ar wei ght of the product and ot her factors,

al t hough a tenperature below the nelting point of the olefin polyner,
and preferably at |least 10C |ower than the nelting point, is
desirable, Specifically, the tenperature is preferably fromO to
120C, nore preferably from 20 to 100C, and even nore preferably from
40 to 20 100C. it is preferable to carry out polynerization in an
envi ronnent which is substantially free of noisture. The presence of

moi sture may havigp t BelyRedARIohZ alabAlitACt b  YoRthed NeirPO! hEET infdd on
catal yst. Al so, the presence of excess” oxygen, carbon nonoxi de or
carbon di oxi dprepolymeritdi@npetaorer izdiy on keaad imsthods usignay by
the polynerization activity. [0098] Next, poiyolefin particles having
a particle di polgnerizefion catabyst. 0.5 mm to about 5.0 nun whi ch have
been obtai ned_separately by a known nethod are fed into the cylinder
12A t hr ough a[q0r9§$ Sepaitely” Fomn et akpyee ani plsfinscontaisingopglisféd via

EIZ‘{ ;LS' hZi fﬂegﬁﬁgﬁpﬁgﬁ @é@@%aﬁf tEA R e §Pe§‘mf &@%%&?{ié%‘%%%ﬁemé? o
et e a por yRETEREFS Y L L5 0BkbiL R o sl bR e ERBPOTERE
pol yol ef i n paéoyflirfﬂe?qz@l & hegtelint %&!}folygeﬂgmgﬁsn ﬁ@s%&%ﬂi& f8GJ pd ne

L6 while the efin-contalining gas i's into reacti on’zone

25 through |iaey pilesdlre a&thsMawRarige kil Ghich ahs RALiEds RePaBleObf being |
pol yolefirt particles is formed wthin the reaction zone 25. That is,

under the actpreserfin tiergasorfasengdshshagasisigehetallyr frbinceanddrd peedsafes a
spout portion 8a which has a dil ut eQEarti cl e concentration near the

centerllaxi s dP thMRafimeirablgArom Q. Ado BelyBtaGorandanere2predgrdblynfrahi ch
Pher o ol 0 1 oF oM MIHE: pek) BRORyENEHSE DR in belCaY SRRBICPESBEa, Gb
Lrere DAt CifR DRduclifief B B8RSR o' 8h° i Cher Bind Bl U 1
pressure above 10 MPaG, equipment costs for the reactor may become
high. The polymerization temperature varies according to the type of
15 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
20 100°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

25 polymerization activity.

[0098] Next, polyolefin particles having a particle diameter of from
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circulatory novenent of particles within the reaction zone 25. [0100]
Once a spouted bed 8 has been fornmed within the reaction zone 20 25,
the polyolefin particles containing a catalyst conponent having a

pol ymeri zation activity that were formed in the olefin
prepol yneri zation reactor 5 are fed fromline L5 into the cylinder
12A at a constant rate per unit tinme, thereby commenci ng steady-state
operation of the olefin polynerization reactor 10A. [0101] Part of

the olefin nnggmro,sgﬁh\;\ﬁﬁﬁﬂe&% %ﬁﬁnﬁﬁ’%c hﬁP?B%%Ipegfgimﬁﬁﬁé;gg’s%eps

past the particle bed, e remal nder o e to

the annul ar parkriostenfeesbBbrd fed hits theyylihhe PAThANGAN: Fd Nide Jas
and the polycilefin particles containing a catal yst conponent havi ng

a pol yneri zat tameatdd  tineubfer Fhe smilyclefaspartivieacfed e théecydisidepn
of the catalyst within the polyolefin particles causes the 5 olefin
pol ynmeri zat i oh2Adae mash ofienpasiedes whids do mioh gontainya eatally shicontmonent y
pol yol ef I n payti.cl es. The pol yolefin, particle hat have grown within
the reatti onaé%ﬁégzg Rel¥meriZatian Aciivityy @i@ﬁugﬁe&’ﬁapﬁsép%e dvdbWarthe ng

line 35, particles of a catalyst component having a polymerization activity is

acceptable.
[0099] When the polyolefin particles are fed into the cylinder 12A
through feed line L6 while the olefin-containing gas is fed into the

10 reaction zone 25 through line L30, as shown in FIG. 1, a spouted bed 8
of polyolefin particles is formed within the reaction zone 25. That is,
under the action of the gas from the gas inlet orifice, there forms a spout
portion 8a which has a dilute particle concentration near the center axis
of the cylinder 12A in the reaction zone 25 and in which particles flow

15 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

20 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 LS into the cylinder 12A at a constant rate
per unit time, thereby commencing steady-state operation of the olefin
polymerization reactor 10A.

25 [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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[0102] For a stable spouted bed S to tbrmin the reaction zone 25, it
is 10 preferable that the follow ng operating condition be satisfied,
i.e., that the gas superficial velocity Uo be equal to or greater
than the m ninum gas superficial velocity Uns at which a spouted bed
is capable of formng. In addition to the physical properties of the
powder and gases being handl ed, the m ninumgas superficial velocity
Uns is also 15 influenced by the shape of the ponnErlzgplon
reactor, Vari diffusesr nutioasthhavenbleen pprtigdosbed f 8b. callnulthisi ngay,hehe

m ni mum gas superficial .velocity Uns. One exanple is fornula (1)
bel ow gl n t ﬁf’eif%qmna;g &ps iasdtthe pedyalpin dadiicles contaimsgias catakyst

icle 20d it i.s the gas density under the pressure and
Danper at ur e cOMRIPPNEHaEng A dIERErIZaR0D SHEVITPARTIES MG Bensonigclof

pout ed bed. [0 0T hat BEETBlehst NiaiBage pBuldledr RarilR bafes dhe 2
i R 10 PBlelRS polyfdtiZalien RALU5 ARbES, 1R I toWRl 6T Hhe
polyolefin particles. The polyolefin particles that have grown within
the reaction zone 25 are discharged through the particle discharging line
35.
[0102] For a stable spouted bed 8 to form in the reaction zone 25, it is
10 preferable that the following operating condition be satisfied; i.e., that
the gas superficial velocity Uy be equal to or greater than the minimum
gas superficial velocity Ums at which a spouted bed is capable of
forming. In addition to the physical properties of the powder and
gases being handled, the minimum gas superficial velocity Ums is also
15 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.

UmS:ﬁ‘[d—A] ngjls(ps_ﬁ)c)x[p(;}l - - - (1)

B B P P air

In this formula, dp is the particle diameter, pg is the particle

20 density, ps is the gas density under the pressure and temperature

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

[0103] The spouted bed height Lg within reaction zone 25 is equal to or

less than the maximum spouted bed height Lsyaxm at which a spouted

25 bed is capable of forming, and is not subject to any particular limitation
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25bed is capable of formng, and is not subject to any particul ar
limtation provided it is equal to or less than the nmaxi num spouted
bed hei ght LsmAx, Various fornulas for calculating the maxi num

spout ed bed height |.,smAx have been proposed, one of which is
formula (2) below. Ls d rO 005pcjgdA dAPouiti nt In this
formula, ut is the termnal velocity of the particles, and unf is the
m ni mum fl ui di zation velocity. [0104] Fromthe standpoint of volunme

ffici i f.ar st ed.:bed,
Tt s preferan e os TR bR O APles Tl i ARARSRDBGhiER BELRCREE,
tubul ar baffl &s3Qc. 10AESorbnead abt @wicudatiiof €&t smaki@uacRpsyed ¥ed h

the ol efin polynerization reactor 10A according to the present
enmbodi ment . Theight &5y behaveskednmrogasedponbiofi vithieh isefacminten(2) beto5 can
be discharged fromthe laterally di sposed gas di scharge nozzles 70,

t he anobunt of gas whi dt.fli i ses (.00 gullar particle bed 8b of
; 2 ‘t’?{?’r%@r’v&s&g%% _k‘é t he' sol'i d-Zyhs

the spouted bed 8 c o) . s
contact efficiency befweern4tthe parti clR %uid thé ol efi n- cont ai ni ng

d
g25 1 e e ek ACEERIL '8 ' Eahiy sBPLAT TR ARELREL R o
formed wi thin,t he ney HiRd&im fluidization velocity.

[0104] From the standpoint of volume efficiency and enabling the
formation of a more stable spouted bed, it is preferable for the spouted
bed height L to be higher than the tubular baffle 30.

10 [0105] The following effects are achieved with the olefin
polymerization reactor 10A according to the present embodiment.
That is, because the gas within the reaction zone 25 can be discharged
from the laterally disposed gas discharge nozzles 70, the amount of gas
which diffuses into the annular particle bed 8b of the spouted bed 8 can

15 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

20 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,

25 when the production conditions are to be changed, because polyolefin
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12A of the olefin polymerization reactor WA, the residence tine 20
distribution of particles can be nmade narrower than in a fluidized
bed. Accordingly, when olefin polyner is continuously polynerized. by
carrying out polynerization with a plurality of olefin polynerization
reactors 10A arranged in series, for exanple, it is possible to
produce ol efin polynmer having an excellent structural uniformty.

Mor eover', 25when the production conditions are to be changed,

because pol yolpaftidles palyim&ifs pabY t&the @Hafigd o cofditisChHANBE dabil
conditions can be easily discharged fromthe cylinder 12, the anount
of of f-speci f idewhigeddraduht cyladerad, slesamsunt ofsffispecifivatien prédiuc® a
sufficient degree. Also, by providing a deflector 20 to suppress the
scattering of tglodised et tasiliscan the tutetboasdfificiers degrebe s, tbyed,
enabling a hi %h \48] ume efficiency to be achieved, [0107] Second

Enbodi nent rovidifgea deiloePe £ d0 spRLess item seaftsrag aloumuied padicles, t o

a seco enbodj nent, of ,the invention, aside, f.rom.enployin olefin
pol yrrep?zati Oﬁ{epgg%tgo&rd f@ge\fﬁ?i)ﬁ S:hBi}ﬁEe eﬂaHLHgiat}yggfvoi‘HBgtegﬁcﬁg% 8
i nst ead of thg) Eé gé@gvﬁpl ynerization reaction 10A which fornms a
Q ngl e spouted be , has a construction simlar to that of the

pol yol ef i n pr poiway i Qtopd HigFadigpt according to the first embodi ment
of the invention. The follow ng explanation of the second enbodi nment

deal s 15pri nci pal | yT'lvé pblybﬂEiBEpf(ﬁﬁicﬁbﬁSsgﬁsf@ﬁ 108 gecdrimpt td RagBond
t he above-described first enbodi nent, [0108] As shown in FIG 2, the

ol efi n pol yeembadinoentr edcttoe 0Bniisngc cade ufived emphsyihg be od¢fabl e
of for}nd' ng i f)lgly?n%?iuztatei(cj)nbrg;ljcstoﬁ3 ll()}g ;[’vrl]xiech forms a plurality of spouted beds 8
instead of the olefin polymerization reaction 10A which forms a single
spouted bed 8, has a construction similar to that of the polyolefin
production system 100A according to the first embodiment of the
invention. The following explanation of the second embodiment deals
15 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
20 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.
25 [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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vertical direction. The olefin polynerization reactor 10B is conposed
20primarily 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 130 which are provided within the cylinder
12B. [0109] Five spaces 261 to 26V are forned by the cl osing plates

15 at the int ﬁélgt er2htibhSs Eé(ﬂrfegd&ft v}i%ﬁaﬁméﬁﬁ'-cbﬁta?ﬁﬂg%ag%ﬁqtﬁé’?

that pol yner fon1s carried out wth an olefin-c aining gas A

in the top thheee spacas286io tpIR6AId BALMIR g ¥l bSt GAtR! &f
out wwth an olefin-containing gas B in the bottomtwo spaces 261V and

26V. Each spagclefifécdnsaipimpygabeld inithd battemninoggaces 261V and B6V. arEhef f | e
30 and a 5 deflector 20 situated above the tubul ar baffle 30,
Preferably, t$pacedeld scpmvidsl snth & momhibatiar obaf fubalaobaffle Hbahd a

di sposed so a o be coaxial with the center axis of the cylinder
1213, [%01101 %éiﬂ?t@pggeswtﬁﬁitﬂhwetﬂte dybulagdratio 130, s Pegforaldy ihe o

o 5 bot t oS RIng0 284 1ha B HeOR 6T O a6 0Lk IR SEH P oal? A8 on
zone 26b abov a&ﬂﬁ &iﬂ?fﬂealgqnoa‘fﬂi%g\g&fgcﬁi&ﬁwlﬁﬁ? reacti on zone 26b,

an ol efi n-contalining gas Ws i dpward at a high velocity

fromthe gas fionhef E&Ehfsgg& 5@ IREn e £ &E?gl@?;lfdg%c%ggn tW8Sones

tubul ar baffle 30, thereby formng a spoute 0 olyolefin
particles. 13§Pdkhbuleadatiedong Thae 7d, ehe 8fade06 fiedivided 4o 4 Botagh

reaction zone

10 zone 26a below the tubular baffle 30 and a reaction zone 26b above the
tubular baffle 30. Within the reaction zone 26b, an olefin-containing
gas flows inward and upward at a high velocity from the gas inlet
orifice formed at the bottom end 30b of the tubular baffle 30, thereby
forming a spouted bed 8 of polyolefin particles.

15 [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

20 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

25 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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26b are forned in the portions of the cylinder 1213 that define the
sidewal I s of the bottom zones 26a. The gas fed in through the gas
feeding nozzles 60 is introduced to the reaction zone 26b fromthe
gas inlet orifice at the bottomend of the tubular baffle 30. In
addition to 20 the gas feeding nozzles 60, a discharge nozzle (not
shown) which is capable of discharging polyolefin particles at the
end of reactor operation nay al so be provided at the bottom of the
cylinder 1213 ?Iso, to reduce the anount of powder remaining inside
the cylinder H 3 at the end of reactor operation, it is preferable
to provide an[0nNRerGeY didg énbazkbqo%ﬁaﬁcﬁarg\mg géﬁ’ﬁbhﬁéhcﬁ%ﬁct(i&?t
shown) at a position which does not interfere\with gas flow at the
bottom of thezond Debare fadrdikd indthtorfrass of doheylprlend28 gt defihethe
di scharging gas from each reaction zone 26b are fornmed in the
portions of tsidewylls ofithe atBon hamesiffh. ndnsteed sif désehitgng the pas that
reacti on zones 2611 Instead of discharging the gas that has entered

anddf I oi/ve:j U]P gntered i IRwedaupWarG thigpehi e B*’Eﬁ st t;&lﬁﬂeairn g | e
30 di . [ 26D, ' [
the ;,(2;2‘3} at er BPgar F%mte?ﬁgc’cgae%ﬁ& IR tqf% 168 TR #oBS1 SPEHD

i 1213,: [ ' ' [
L rtere bod sk ORaTER AR HARS Y LAy SR AR e
10 result., i HRCAMME A0BRARE bidnPee dOrhieR diffusds flh dRPakigH: Ped

8, the solid-gas tacting efficiency between the particles an t he

ol ef i n-cont ai parfiglegbed ipTRtiGY €9 oMHeesHRIted BREIR @an K Hehaised nazzd e
70 is situated preferably above the bottom end 20b of the deflector
20 wi tlfi n eactesubant thenamorer géticknted gooon Be af thei sppupddabed BS the
directly 15 thereabove, and nore preferably above the top end 20a of
the defl ectorsall-gard penteefinge efficishely petveen 5thi r partiojest handaltos e.

By positionin he gas di scharge nozzl 70 at such a hejght, th

amount of par&F@Pé‘é’gﬁqlg%gﬁ%ﬂnPWﬁ?-t hel a8 Vel §§%&g@§ dhi?bﬂgésnwe

t th it h duced,, 20[ 0113 d 20

cach o1 tuat ed’b5ooRTnd HeErHLy are iaf SR bad 2PosfetEidlediiont 3
d at e . . : i ol ¢

a0, 2t DOS! LA U8y Fihe! TPk Held She IFE (1S Pccry

partiglses. ThisrdiBKes, drdd RS 'Epéf@réb@y 2860 gk t eﬁ(% gg?@%ﬁe aefEsor .

enabling a high volune efficiency to be achieved ] As shown in
FI G 2, upper 2ibwhé¢ deley shabvshigeplatoVh dédctly thsrehbowas SBY osithigach
of the four utﬁper tubul ar baffles 30 within the

e 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.

20 [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.

25 [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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cylinder 12B and al so pass through the closing plates 15 directly
bel ow, and a bottom downconmer 35h is provided so as to pass through
the bottomost tubul ar baffle 30. The upper dosvnconers 35a all ow
polyoletin particles to fall froman upper reaction zone 26la to a

| oner reaction zone 26b. The purpose of the bottom downconaer 35b is
to renove polyolefin particles fromthe bottommopst reaction zone 26b
and di scharge the particles outside of the cylinder 1213. Two val ves

V73 and V74 ag éﬁcﬁ{quﬁ% Al YeisE Btk el BR! AR VBORRL, SABy,

t her eby enabl i e po i'n particles to I schar ge

next step 1Owhideuboftb@ aswﬁe@aephsaaﬁeﬁpovﬁ&hl%_a%&ﬁm@u@ Ghe, a
line 1431 for supplying olefin-containing gas Ais connected 1o the

gas feedi ng nbattdbemd® tmboiardeaffien30he Tat Lppez alvavidomert 35w dllvivw d
space 26 fromthe top of the cylinder 1213. Moreover,

ol ef i n- cont ai pPkyglefs particiess li &am en tipper réactios race 26 toyadower
15conpressor 55 disposed gn the line 1-3, 1. [0116] The gas .

di scharged frBCHAR ZOREZPT: eaklt BHIPASROIGR Batinm copiest33hes to

l'i nd h h i i lied d
bot t om zone 2o b AletERareles dFordBe BoBotdnil RRestict B S e b
di h i A i- 2
Gas Teodi n roBOFERE I batfled Buledud SRR EB82 P08 * Ao BeF VL0
di scharged frgqd vhg a’i_@%ﬁ‘aﬁgé&ﬁﬁérfé@ IR 2Bt Srh ABWRBni 2B 58 e

cylinder 12B is supplied to the bottom zone 26a of the topnbst space
26 through a éndbéing3the [pololtfifasartickehay Gendischagsd Libl tid @1egoiget ed

to the gas discharge nozzles 70 in the topnost reaction zone 26b.” The
gas dildchar gewitbguhthamrslease ofigasgas di scharging |ines L41 is again
supplied to t[r(])el1t5]hif{sdshown in FIG 2, a line L31 for supplying olefin-containing
gas A is connected to the gas feeding nozzles 60 provided in the bottom
zone 26a of the third space 26 from the top of the cylinder 12B.
Moreover, olefin-containing gas A is supplied to the third space 26 by a
15 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
20 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
25 nozzles 70 in the topmost reaction zone 26b. The gas discharged by

means of the gas discharging lines 141 is again supplied to the third
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reaction zone 26b fromthe top of the cylinder 1213 by line L31 after
t he renoval of gas-entrained particles therefromby an optionally
installed cyclone 63 and after passing, for exanple, through cooling
means (not shown). A line L35 is connected to this line L31 for the
pur pose of supplying olefin-containing gas A fromthe exterior to
line L31. [0118] A line L34 for supplying olefin-containing gas B is
connected to the gas feeding nozzle 60 provided in the bottom zone
26a of the botreastiomstonei2ibefran thvtiopofelie cjﬂllhﬁieirfl-Z‘BJB%@ih@iLm SRS Bel S
supplied to the bottormmost space 26 by a conpressor 56 di sposed on
the Iine 10L34?mPM§119§ gahenigaisedipacticles dweréfrom by enbaiticmatiysinstalled
reaction zone 26b is s%ﬁ)I 'ﬁed to,the second bottom zone 26a fromthe
bott om of t he ¥GIPRES and sBer, passingader exarmple, throsghl dosdisgasans (not

?Sﬁ?hﬁagﬁnﬁﬁééﬁﬁzn%éﬁe‘ B %h&gﬁ&g@zm& 6
26 . ' .

é?gghargi n[;oln}sél@ﬂ Zﬁgélgﬁggﬁ’ﬁgﬁﬁggyédgr){ﬁ@ﬂéﬁ? %tér&watro]glgaerggﬁ.l es 70 in
the second ref@1lig)nA 2R 246 forf i m&%o%_g&taﬁﬁg%g%gqi ggpﬁé&ggéo

t hrough the gas discharging lin IS agaln su

bot t onmost r ettnt igan fzediag26drAly 60 preddbS4nathcebodas 8o ?Gﬁegf the
particles are renoved therefrom by an optionally installed cyclone 64
and after pashptigmmrsbsphce 26r ddarepler, obefin-togtairappat®tis %hgpmd A
line L37 is connecied to this line L34 for the purpose of supplying
ol ef i n-cont ai ﬂbe g@@om%ﬁpﬁ%%)h)emmpmsstmnﬁ ddsposed ol k] likt so,
a Iineld_S is ﬁ%nect ed at the top of the cylinder 1213, Le., to a
position whicn s higher than the region where a spouted bed 8 is

[0119] The gas discharged from the bottommost reaction zone 26b is
supplied to the second bottom zone 26a from the bottom of the cylinder
12B via lines L36. These lines 136 communicate between gas
discharge nozzles 70 in the bottommost reaction zone 26b and gas

15 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

20 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.

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
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formed in the topnost reaction zone 26b, thr the purpose of supplying
pol yal efin particles containing solid particles of an olefin

pol yneri zation catal yst to the topnost reaction zone 26h. [0122]

Next, a process for producing polyolefin using the production system
100B according to the present enbodinment is described, [0123] First,
pol yolefin particles are fornmed in the olefin prepolynerization
reactor 5 using an olefin polynerization catalyst obtained by a known

met hod. [ 0124fonmed trethel ®himospotaotieni Zatei %b,rf@ii@lﬁé)?u%e of supplyin
ol efin-containing gases 10 A and B are respectively fed mtg g}llv%n
spaces 26 wit RPYYOlgien cypartidies 1agitainmgiglsolidnepartickks anfl Lad asldfin
pressurized to 1the olymeri ﬁati on pressure, and the interior of the
cyl i nder 12B PS8% ongaialpyIty e foparess iegntionsaone 26khi ch shoul d be
within a rang ich the olefin is capabl e of being present in a
gas phase wi tﬁ?@%] nge’?teécP@F?S% r H@d&EH@rBPHYQPefﬂIbHF@ga apr@dyetiesur e
to 5 . NLPaG ﬁfk@e r : 5 N PaG The,pol. rization
tenperature is gerﬁel?fgﬁ@ﬁ%@@@@ejﬁ%&erﬁ{a@m@}&%&yﬁp om 40 to
100C. [0125] 28] Ry OohBivdleBdr th&tiekhaying ti.cl eysize,o0

f rom about Ognrrm]to a’\t/)o?f6 95.% mn%ﬁlgll%rsledxgegpa{@a{?%yl y ?P%ndw?‘fin
method are f eprepOlymerizationcyddcastess 18iBgvha dlefifefolyinigi 0 d
to line L5. [0126] By feeding polyol ef |gn partilcl (s) I nt bﬂa'?ﬁg g%l r?ger
128 through fe¥ainediy a Bnowhinectheédi ng respectivel y ol efin-contai ni ng
gases A and spaces 26 through lines L31 and L34, as

shown in EI G 021241-5ggi@}%/%gl%%lgdplmrizp@mea@mnﬂQﬂ,mleﬁn&ontaénihgrgmés
W thineach O‘& z{[nlaeBraer%Crtegf())eQ:tizvgpye?ecg ?nh[b given spaces 26 within the cylinder
12B through lines L31 and L34 and pressurized to the polymerization
pressure, and the interior of the cylinder 12B is warmed. The
polymerization pressure, which should be within a range at which the
olefin is capable of being present in a gas phase within the reactor, is
15 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
20 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, Z
spouted beds 8 of polyolefin particles are formed within each of the

25 reaction zones 26b.

[0127] Once a spouted bed 8 has been formed within each reaction zone
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[0127] Once a spouted bed 8 has been fornmed within each reaction zone
26b, the polyolefin particles are fed fromline L5 into the cylinder
1213 at a constant rate per unit tinme, thereby comrencing

st eady-state operation of the olefin polynerization reactor 10B. As
the polyolefin particles grow within each reaction zone 26b, they
successively fall through the upper downeoners 35a and into the
reacti on zone 26b below, and are eventually discharged fromthe

bot t om downco@éb, B8lIpalydlefidGlarfiiannte ferl fibm Baech.5 @a6 thodyieng 2GH.
part of the ol efin nononer-containing gas forns a spout and sweeps

past the part flclae chagiantinvratiee pethainite tiemedehrerelfy tdoenmascidpf §teads-stae o
the annul ar particle bed 8b._ 10 In this way, the ol efin-contalning

gas and the p@P§ratieriod thaolsfn pelyumerizagiongspetor J4B. cohs s pahwlefim
action of the é.:riit&f!sySt W thi.n th ol zigl efin 28{)“ cl es causes, the
Tt et D crb it
gacK r e’gct i oﬁﬁgélrl@ gg%dp%ge f 14\9 v{/:rgé’orgxfegg e?g)aaolaga? ]ﬁlg(f e[gﬁer RGN ﬁogﬁs%b

q  bed : . . ! L ru

ol at1 ng t ot Padusad bifeyentinlly BANERDfion 4f pordiff SRROH G 5D

hei ght Ls, be[03aB] Vie&tvhild)1aP]ealhe r&dcionn zBRE VP&, E)ﬁf't' 8F fHRadin
1013 according to the present enbodi ment achieves the follow ng types
of effects. Bmoaoserichetagaag2@s\fibtns o spagthandeswddpepazoiie padiicledzdbe
di scharged fromthe laterally disposed gas discharge nozzles 70, the
amount of gasWiHe e simainderef thet gast diffuaemintatheannilet patiste Bod 8b.

porti of thﬁll spout ed gﬁg\ég fan be .i ncreased, enabling the solid-gas
cont acti ng ef'f} cHén®#yp RllprroniRgc1eas aml theepeJyelelin perticleni ng

can e Efelf o gRURRe eoiCeant Peadiiion ofoe Sefht »Bf‘téééz ¢
125, making 1RO PRsarbRa e har s oot HE purercro Y Redridh Aol %
di stribution.prbe€s, qiég’llﬂjdiﬂ%i I(ﬁ'fthgpg%%lgﬁeaﬁic@ég)ti nuously

produced, it is possible To produce po I'ng an excell ent

stnctural uni[DOR9T Foy a %le@}beﬁtedvmm b €olh fl eath @BatiRNt drieOP6b, af ﬁ

to be changed, because polyolefin particles polynerized prior to the

changési n condli prefesablantlisd éasi tynditisnhadgedifedonsarhier cinl i theerfirk28,
the amount of off-specification product that arises as a result can
be cut to a SMBedment idegieeconaliions rslatngvo the gasl etperdicial sved@rityo

suppress the Uj and the spouted bed height Lg, be satisfied.
[0130] The olefin polymerization reactor 10B according to the present
embodiment achieves the following types of effects. Because the gas
20 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.
25 As a result, polyolefin particles can be efficiently grown within each

reaction zone 26b.
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10scattering of spouted particles, the freeboard zones can be
shortened, enabling a high volunme efficiency to be achieved. [0132]
The present invention is not limted to the above-described first and
second enbodi nents, For exanple, die foregoing enbodi nents are
exenplified above by cases in which an olefin-containing gas is fed
into the cylinder 12A or 1211. However, an arrangenent in which a
liquid olefin nmononmer can be supplied to a suitable reaction zone is

al so possi bl e[01BY] i@} ian@hiHER ¥F PIAYBRIRL g e ralgld gvi'ﬁfaﬂoﬁ?é
consuned by the polynerization'reaction can be replenished. I'n

addi tion, whecylirtier |12y dakingf it possiblTes nenapoitrt fatichenteash Bee
renoved fromthe polyolefin particles by the |atent heat of

vapor i zat i on. disibiutiennul ¥icsoadjegty pwhehefilefipopglyerdrzas i cmtimmaoshyr
1013 according to the, second enbodinent, there is a tendency for

hi gher react il90dBeRtksitéh RaSI® tohdregusen dlymen thavingaare exdellghier

t { t..of th t f t. , I ti i

tomper atur e QREREhAN i oNERcotcuEes Hhe BisduCIoBEONGORAGIAA | ng
| | i 1Lt hi li.nder 1213 .and t hereb

cunnl v ng r o ShahBe, btk ool AP ndfmerBR BAEE Blime

this 1 h it o _ e ;

tomper ator e teags ih GhANEhSCH BE ARHE dRMArBHIEEAMANT 82,

and 35b nent ithaethdunt biiefBhsscefietudbriorntSthaRarises &P et hath
protrudes above a tubul ar baffle 30. However, in cases where teh((:aut

pol yol ef i n pdota siffisieat degrepedédsd, tynpriovidihgglebletioee DO theuopiesd de
surfaces of these downcorners 35a and 35h and the inside surface of
t he c§ i nder Seatteréig pf spoyted: particlesi dlee Sipebaswdszadest tan batshoatened,
baffl es 30, the, downconers, 35a d 35b y be constructed so as not
to protrude zfl%g]g“g ﬁi‘lgﬁgiﬂdj’@l% Wtﬁﬁt 19%€8pect i ve tubul ar

baf f | 30. | g hani (e. q - of f [ f
rgggl 2t5 gt QSR8 PR B léga%%ﬁhﬂﬁ@p@%?ﬁ dﬂﬁ&@’ib?‘iﬁé%h
z !
downconer. | Slf g\éﬁ%g\fl g ﬁ?@?ﬁ@%bﬁ%@%@ﬁlg ’ gfﬁ% gg% eﬁgﬁrﬁg eFﬁ)@%@gnﬁf
upper 15 dowaeosRéripBRad abode BPaAsed B whidna{ Sreﬂnﬂgoc}'g\%?gx% géém &st;ege

particles froman upstream side reaction zone to a
reactidn zonentosthdesdirideed 2 AHoweMdB., HoeveRet, yal efrafgdabht &l GhidRy be

transferred by an ejector systeminstead. [01351 Furthernore, In the
above second ligisbdiefisrmonpoky nen bz atpplied 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
20 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

25 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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20 is described as being carried out using two types of

ol efi n-contai ning gases A and B. However, it is possible instead for
one type of olefin-containing gas to he used alone, or for three or
nore types of ol efin-containing gases to be used. [0136] Here, in
cases where, as in the third space 26111 and the fourth space 26W
fromthe top of the cylinder 1213 in the above-described second
enbodi nent, the ol efin-containing gas used in an upper reaction zone

26b and the ok&dctionConiey P6BO tHAS téififihahiteAdliRUEHcd <AA! bOMhalANfo 200

are of different types, before introducing the polyolefi.n particles

t hat have beeminmmneelnafblir@thb@emFmturé@@%ieQﬁaIZﬁd@ 26b to the | ower
reaction zone 26b, it is preferable to solid-gas contact the

pol yol ef i n pat@li33] eAlsni tacta ofidbe afowtrvensass Sayael 8Sbthentased ad that o
3 shows an exanpl e of

he | i 26b, [0137] FI _
R ol feveiabitis At et
i e as e )
;Moﬁlg g ?S Fgai; rg og’Yrj%ﬁr’ﬁB§?§°ﬁewg%f§%E‘;egﬁgﬁbef%?g@i@:ﬁfrggﬁﬁg@ed fremyas
( . > | €
Srscharse norhhgh J0 R O 1L B A ISR TIE I g o
tank 92, a pagdd feCinsRIRRYE{A8e glf%e ggl'i%@erplﬁIA bfh9B! &ﬂu@qgg;\'dg%hltfa@gs 94,
a gas disc )

a gas introducing I1ne L96 an arging line L

particles on ¢hehé upbhie bafebe360 the) ddienddthéd IPRCEE LB may be
constructed so as not to protrude above the inside surfaces of the
10 respective tubular baffles 30. In such a case, a mechanism (e.g., an
on-off valve) for regulating the amount of particles which drop from an
upper reaction zone 25 to a lower reaction zone 25 may be suitably
provided on each downcomer.
[0134] Also, in the above second embodiment, the use of upper
15 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
20 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 26111 and the fourth
25 space 261V 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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15 fromthe top are transferred to the solid-gas contacting tank 92
through the particle renoving |ine 93 on which an on-off valve V75 is
di sposed and, within this solid-gas contacting tank 92, are contacted
with an ol efin-containing gas B fed in through the gas introducing
line L96. The particles fromwhich the ol efin-containing gas A has
been 20 thoroughly renoved are introduced to the reaction zone 26b of
the fourth space 261V fromthe top through the particle introducing
l'ine 94 on whiede apb emdofht Méﬁﬁ%oﬁ?a@ninge%éssﬁ&?ie aNBARPRLAGior DEndas

foll owi ng solid-gas contact is dischar via the gas di scharging
line 1,97, 25P6H39¢ OEYdiﬂ'EantCtyp@,Stwfbreairﬁﬂidudir%aﬂlecﬁaly@%ﬂrﬂgaﬁﬁf-}%
90, the entrainnent and entry Iinto the | ower reaction zone 26b of the
gas used in thathappbeen earoovah froonehe6ppdyrentiorpabyolébita thaiswet es
can be suppresseq, nmaking it easier to obtain poiyolefin particles
havi ng the de&pFden goneofdharités prefemiyle [ta sohid-gasoventseicthedpolyolefin
enbodi nent, an al efin.polynerization reactor in which, five spouted
beds 8r§§1re f ’?ﬁﬁﬁf} nwftﬁea\gé‘rst‘?égle SAPeYPEASWEE 88%ded Hatp. tholrver

t he nunber of isnot limted to five. Fromthe

st andpoi nt ofregc (ji’ﬁeg?rﬁégofgiisuffi cient plug flow effect, the nunber of

spout ed beds ﬂO%%;?ﬁG{ E@h)é“%teg} ??@rﬁg#ehf)fe?olticg-gg%ggﬁﬁcﬂﬁgfrﬁ{)ﬁﬁgo #be

| east six. Moreov e plur spou s nee

necessarily beniadtigthdlpolefia paefitles ittt bEELE A1 sah@y tsygg%ﬁh@ gg%‘felzds

plurality of reactors wthin each of which a single ut ed
formed at theoi tieebotbommesactien araren@élsl i Reatufedr suddnbaltheli gag cfde@ingand
coupled in series. Also, in reactor desziZ&n and the operation control
met hod0 it i siqpezles&landsthead sischargerroazlsitfearsforeited indd6& dr st age
and control tla %ﬁ ol (i).l efin particle hold-up or residence tinme in
such a way as E% g?‘Po%J idngas, eaitatingemeane 99 showmir iFdE. dfinchigles a
pol yol efin part.i,cles and to e {.he amount of polyol efin produced at
each stage (iasrﬁilfiiﬁﬁsnﬁoqqﬁ%mlﬂ g?ﬂrhﬁ h BRI irfg’tq%b‘?é/ 3’5’& gor asl?arﬁﬁﬁ‘e

i f 01 -additi e, ,iJdt: ' , th f th
spout ed 20 badraaikigg e e shsdifeBRAYE 1B SuER, 3 ks fistitate |
pol ymer | zat1 dheBOIL.L 0T hé RS b &b il Hiffle 504, tHY Billd YSacaPAlied
bed device is not limted to this application, ang may be ‘enpl oyed in

any gianul ar frahehé 3bp treatnEbireflap m@'sglrﬂdigag cefificBhga3asipoutiBehied i s
appropriate. For exanple, the spouted bed device of ghe i nventi on may

be enpl oyed ithe patimle cdreaving| limeeds onombichran on-fbdeslys 8875 ichispssddne
drying, gr amélng:[ ivx(')i?higrth?si r;glei(ri_igr;g cO(Intachc}Ar?getcasrik 92, are contacted with an
olefin-containing gas B fed in through the gas introducing line 196.
The particles from which the olefin-containing gas A has been
20 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-
25 [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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EXAMPLES [ 0142] Exanples | to 4 and Conparative Exanples | to 4 were
carried out so as to evaluate the solid-gas contacting efficiency
bet ween particles and gases in the annular particle |ied portion of
the spouted bed that is formed within the treatnment zone. Eval uation
of the solid-gas contacting efficiency between particles and gases
was carried out by conparing the ratio tfakTra obtained by dividing
the gas flowrate wthin the annular particle bed (lia) by the

m ni num f | ui dirzahé | R@ictidn Ooreh I8k eSol( bRty

Example 1 Aqg)/plé?ndri cal cogfedg?rggg t?éa}?glgr r#adga%tgl%rl;&%pg?ent
vi nyl chl ori deupmsisedanthkiagdbkasief td obrinpdyslefigl gartipRytiediRedhé n
the cylinder (height, 1,100 nm was furnished. This reactor had

di sposed wit hﬂﬁsmmqr@mm a single tubular baffle of inverted
coni cal shape letE a gas inlet orifice therein and, paired with the
baffle, a singli@0ddn Big Gbose wesAnd apmbpdisecntiia elafimdwlymatizatiosed

Fntr ES&?E;R@%&%’ Rl bod'Y of Rustsdiin e 55l disession
di o i . o
Cpoci 1 cal 1y W Berdtied e A EAAERDRET bR s Bt dumited s

W th an insidgygi a rthef 1 el ow
the top of the cyl?ﬁggrt.he'lshes O%Bso{j?gghgg‘égé Rgﬁlégpﬁgfgéﬁgﬂgﬁ%d at
substanti al | ythequaibentd vigdied rbddaeisc prefersbey etleast Hirt€Chh@Nmefe t he
cylinder. [0144%3The cylindrical cold nodel unit had an inside

di aneter dB ofregablyngt keast sixe Qderdonkgttherplitatiey af spoatddobédymesntl of
t he t:ﬁ}ul ar baffle had a dianeter dA. of 100 nmm Accordingly, in the
present) exanp®, neqessarlyt be famned dnpéewessticahdirgetson.nl Bor exathpbe a

di anmeter dA and e | inder Jinside dianeter dB was 0.2. The angle of
i ncli nation HQPWL-%&X of KrAStors eithig, ok O VBHich Reingle apawted bediia formed

 net nat i on Eec0eReERG Ttk bF GuaBked BLa har i afeeRBn rdsaunlectin
L the. bot t omeass of 300" mh etoE Ak B A ORI cBRb LRl 5

preferable to design the volume of each reactor stage and control the

15 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

20 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

25 other chemical reactions or in processes such as the drying, granulation

or sintering of powders.
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[0145] The interior of the reactor was filled with 25 kg of

pol ypropyl ene particles having an average particle size of 900 p.m A
10 gas was fed in fromthe gas inlet orifice, and the flow state of
t he pol ypropyl ene particles wa.s observed. The mni nmum fl ui di zati on
velocity G ne of the polypropylene particles was 0,20 ms. The gas
introduced into the unit was roomtenperature air, which was fed in
at a rate of 3.3 nB per mnute. 15[0146] In this exanple, the flow
state of an opstiAgpy Spout ed bed in which a spout of particles

flowi ng upward together with a gas is stably forned and, at the
periphery of [0Nd2}Bxatnpleal tth dl & CahlpadaivaBramplearimong vadse @BRAT
particle bed, was observed. In this state, the pressure within the
cylinder (neaoutt he anddbdevalahte) tlet saligegist icontablingme Zitiateyv &etvheent op
end of the tubular baffle (where the tubular baffle is joined to the
cyl i nder) andParfelepanggases intthe apaviar prgidhebed partidraef thesponisdrired
above this pg[?litio wer.e asyred, based on \\//\&ié(c the p sure | oss

i n t he 2annul aPabky forged wah! waptaranh zene. ﬁL@EPBlRé&;rﬁj’lldh&as

| . f d | tl. b t t ed
pressure | ose ey oL AW T RaLELES 90,488 LS P81
pressure | oss,@fipdilif B Thifd UG RBAAE by dRGaHBSHRUBR k) Fhte
velocity corresponding to the neasured pressire 16ss was calculat ed,

and this gas wiher theiahuke! paiticte Wad (USRS (BS hbdndas filiMYation
velocity (Ua) in the annular particle bed. [[01471 As a result, In

t hi s exanpl e,veldwtygasthelpavtioles @0irfy, i n the annul ar particle bed of
t he spouted bed was calculated to be 0.17 ms, which was 0.85 as high
as thdOmi ni miMl#3LEeemelé dbn vel ocity, [0143] Exanple 2 Asi de

fromsetting the flow rate of the gas_introduced into the unit to 4,0
n8/mn instead of & gy{msdma{ cokde moded PRclOsJmade wok tremspatenke it as

in Bxanple 1 C%T(g‘i&eheresqgsar{ %\{avpgb Ieog% tf%rllmnngt gesi?lrélfleu's%guted bed in the
cylinder (height, 1,100 mm) was furnished. This reactor had, disposed
within the cylinder, a single tubular baffle of inverted conical shape with
15 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
20 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
25 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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particle bed of the spouted bed was cal culated. As a result, the gas
flow velocity in the annular particle bed of the spouted bed was 0, 15
ms, which was 0.75 as high as the m ninmum fluidization velocity,
[0149] Exanple 3 15Aside fromsetting the flow rate of the gas
introduced into the unit to 4,7 nB/mn instead of 3.3 nmBltnin, the
sanme procedure was carried out as in Exanple | and the gas fl ow
velocity in the annular particle bed of the spouted bed was

cal cul ated. Agtiy HERY! BotweBe tBRZat liAM \WeIRE! di¥mietert dIE aRDRHE &% linder
particle bed of the spouted bed was 0.16 20m's, whi ¢h was 0.80 as

hi gh as the nimideiiidrheteridgatiagn02el oitiet ¥ngleOd5Qhclmeaionl Betveen the
Aside fromsetting the flow rate of the gas introduced into the unit
to 5.4 nB/ m ninsi sadacsf of iz minilan bafile efmeveptedceshica stepecard tled

out as in Ex lLe 1 and the gas flow velocity in the annular particle
bed of the spBeRieEtpetndile aagleuphainslinatien zbe%/%m the pwsidgagirfacewof

s, il ch el e AR Mo Eofreial Reva sheh o i ok < g deddcgor
0151] Co i ve: | i '
[atordi 1y 17 o i REBisfcler ot he bEBSHERS BF 280 SR HAL Vy MRIRRY ot oy

the gas di schieggtebiezzl €es were bl ocked, in addition to which a
closing plate was not used and the top of the cylinder was opened up

so as to di scliaugp Trs iupmsrd.ofAghde rédceon thesefitibanagsh bhe keangr
procedure was carried out as in Exanple 1 and the gas flow velocity
in the annul grolpprapybire heaticles Havéings poaverhgbquirticls stad ofiDO0 egn. Ag a
result, the gas flow velocity in the annular particle 10 bed of the
spout d8 bed vgas wasedtins frophithe gaasinlewerifiedaand tee lovuestasbtef thed in

Exanple | and 65 as high ag the mninmum fluidi zati,on vel.ocity,
P poqypropy ene artlcies was observed. The m&mmum ﬂuldlza){mn

velocity (Umf) of the polypropylene particles was 0.20 m/s. The gas
introduced into the unit was room-temperature air, which was fed in at a
rate of 3.3 m’ per minute.

15 [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

20 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

25 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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[ 0152] Conparative Exanple 2 Instead of discharging gases |aterally
fromfour gas discharge 15 nozzles formed in the cylinder, all the
gas di scharge nozzles were bl ocked, in addition to which a closing

pl ate was not used and the top of the cylinder was opened up so as to
di scharge gas upward. Aside fromthese changes, the sane procedure
was carried out a.s in Exanple 2 and the gas flow velocity in the
annul ar particle bed of the spouted bed was calculated. As a result,

the gas flow vetregiondirigto the nidHauted predilré W8 Wk Hulhfeg, &:&Ptﬁiﬁgaped
was 0.11 m's, which was |ower than the val ue obtained in Exanplé& 2

and 0.55 as hbygerisial helodity mam fréatediaz afhieogasy loec ivelocity 033 in the
Conmpar ati ve Exanpl e 3 25i nstead of discharging gases |aterally from
four gas di schemyar putigledsed ormed in the cylinder, all the gas

di scharge noz bl.ocked ition to which a _closing plate

was not used e$7t]~ rgéﬁs}% mfﬁl@’sc?i%gffgi%rthws shornelogily 4o the apgular
ths cart T ed oBETE Phd @F.IAS D08t RS RSO Rise PebB a1y TR, FHRch
annul ar - part 1 g 0ilailigh e ROMhBRATMBALGRVEI LT, As a resut.

the gas flow velocity I e annul ar parti t he spouted bed
was 0,12 m s,[()/ﬂqjgsctE,&ﬁg)lnger than the val ue obtained in Exanple 3
and 0,60 as high as the mnimumfluidization velocity. [0154]

Conpar ative Exanpl A#dd Gioistsetirt ofe Howchies of MBe @as estrb@i@dainky the om
four gas discharge nozzles fornmed in the cylinder, all the gas

di schar ge nozuhiegowbentIoirk éasteach ofddBt indfming thbi sme pebosiung what e
was not used and the top of the cylinder was opened up so as to

di schailge gasCaipArant assindBxampis tl hane thengag dlow mvebooianin freoeeailae
was carried O}‘)ngrtic e i)gd %%%Hgls%oﬁte%nged was calculated. As a result, the gas
flow velocity in the annular particle bed of the spouted bed was 0.15
m/s, which was 0.75 as high as the minimum fluidization velocity.
[0149] Example 3
15 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
20 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

25 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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15 the gas flow velocity in the annular 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 0,12 ails, which was |ower than
t he val ue obtained in Exanple 4 and 0.60 as high as the m ni nmum
fluidization velocity. 20[0155] The results from Exanples 1 to 4 and
Conparative Exanples | to 4 are shown in FIG 3, The values on the
hori zontal axis of the graph in FIG 3 indicate the flow  rate (nB/ m n)

of the gas i nhy/gdusieH W4sc0Y80 AS hitdbad thehindhiuhdi ARidiZRnvAs@sy.on the
vertical axis indicate the quotient Ua/Unf of the gas flow velocity

(Ua) within tHH5dpCbapa2bvamixkaaipde fed di vi ded by the mi ni num _
fluidization velocity (Unof the particles. WHAT IS 1. A polyolefin
production process Inplieath afodipehasging gasas rigieng/lyo dtono| fofit gas discharge
B spout ed. bed AABORgBNG iR Wir CYBRED 1 Uic oS g mozeiee, were
wherei ry the ”B'foEiceS&f} SR RRIRES & %%ngep\fét%%vas 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 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
10 bed of the spouted bed was 0.13 m/s, which was lower than the value
obtained in Example 1 and 0.65 as high as the minimum fluidization
velocity.
[0152] Comparative Example 2
Instead of discharging gases laterally from four gas discharge
15 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
20 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
25 Instead of discharging gases laterally from four gas discharge

nozzles formed in the cylinder, all the gas discharge nozzles were
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conprising: a cylinder which extends vertically; _ a
plurality of closing plates which partition an interior 10of the
cylinder into a plurality of spaces; a decreasing di aneter
menber which is formed within each space, has an inside dianeter that
decreases progressively downward, and has a gas inlet orifice at the
bottom end t hereof; a gas feeing nozzle which passes

t hrough the cylinder froman outside surface to an inside surface
thereof and whimeflcigdaiditi@aso Wich NcRBEHE FIRRCRas RoPeHUNIZRBSop of

| ocat ed between the decreasing dianeter menber and the closing plate
t her ebel ow; athe cylinder was opengd spdossitardiechanzzge whwal. passés from

t hrough the C¥I|nder fromthe inside surface to the outside surface
and whi ch 20thfise changpss the spare prcmdurmweacmma@a asantExsanplerd andne

| ocat ed between the,decr si n arret menber the closing plate
t her eabove, the gas flow v f gle Rﬁr%@ﬁ t fgbﬁﬁpéuiegn%ﬂfbwaﬁed
above spout i.S o re

25vvher25| n ol e | i pgq(t/méﬁ i'laﬁSB 53% o&’j V8 tB’ymf ?‘lbpﬁ’fthl%ast

one treatment ,2PRe tRe SFGRRE BetiPGa90. B5/8 "Rhicd! ke 'i&wer than the value

obtained in Example 3 and 0.60 as high as the minimum fluidization
velocity.
[0154] Comparative Example 4

10 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 4 and

15 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.

20 [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

25 particle bed divided by the minimum fluidization velocity (Umf) of the

particles.
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from a first type of gas fed to the other treatnent zones. 2.
The pol yol efin production process of claiml1, further conprising the
step of: solid-gas contacting polyolefin particles
removed froma treatnent zone to which the first type of gas is fed
with a gas simlar to the second type of gas that is different from
the first type of gas, before introducing the polyolefin particles to

a treatment XPPRATMISICLANRIBECHNd type of gas is fed! 3. The
pol yol ef i n production process of claim1, the 1.0 nmultistage-type

Spout ed bed devi cefurthey slypéfin nprotutioneproiees Whidieaiomprisbd ch
are di sposed above the gas inlet orifice in each treatnent zone, have
an out si de dcarmgigg oubalefimpobpsesizationnssssivel yndiistagedyparspoat@bed
at a top end thereof, and have a bottomend that is spaced apart from
an insi de wabkdofletite tylfonden, spouted bed of pobydefint pertgrdes dnsedeh ge
nozzle is provided above the bottom end of each defl ector and bel ow
the cl osidng picatmedi zen¢,| y t her eabove. 4. The polyoiefin
production process of claim1, the nultistage4)lx spouted bed device,
further conprising meanswharefD the ansfltistageetypar tspoiuéed f bech atevapper
treatment zone to_a |ower treatment zone, 5. A spouted bed

devi ce conpr conyyisiageyl i nder whi ch extends vertically;

a cylinder which extends vertically;
a plurality of closing plates which partition an interior
10 ofthe cylinder into a plurality of spaces;

a decreasing diameter member which is formed within
each space, has an inside diameter that decreases progressively
downward, and has a gas inlet orifice at the bottom end thereof;

a gas feeing nozzle which passes through the cylinder

15  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

20  discharges a gas from, in each space, a treatment zone located
between the decreasing diameter member and the closing plate
thereabove,

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

25 wherein olefin polymerization is carried out by

feeding to at least one treatment zone a second type of gas that differs
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a closing plate which closes a top end of the cylinder; 25a
decreasi ng di aneter nmenber which is forned at a bottomend of the
cylinder, has an inside dianeter that decreases progressively
downward, and has a gas inlet orifice at a bottomend thereof; and
at | east two gas di scharge nozzl es which pass through the cylinder
froman inside surface to an outside surface thereof and which

di scharge ga [ urface of the
decr easi ng dﬁgﬁrﬁeﬁﬁﬁﬁbﬁgﬁ?ﬁ% gﬁ%ﬁﬂﬁ?&ag%eﬁhgag?%si ng plate and
the inside surfacejof t h?héﬁiedéi}ggerﬁn producthc%ne Br%\%?"sﬂ]ﬁcltahﬁ E,aﬁlrt}éer

di scharge nozzles are provi ove a spo at 1s forne

within the tg iy 196. The spouted bed device of claims5,
further conprising agglg?ﬁggt or which is disposed above the gas inlet

orifice in the treatmentsglof@ashapntacti spdRoleAfeRititRat reatywaAses
progressively dowward, is closed at a top end thereof, and has a

225m 9, Lot ctgasea 2w o i anc o Yoot ottt e
of the defl esitngiﬂar 72} mmséd%insit@@e-dﬁ/gm &gﬁé dteffélzd? thmm ¢§e fggp&nr}f&g:
gas, before introducing the polyolefin particles to a treatment zone
where the second type of gas is fed.
3. The polyolefin production process of claim 1, the

10  multistage-type spouted bed device 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,

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

4. The polyolefin production process of claim 1, the
multistage-type spouted bed device, further comprising means for

20  transferring particles from an upper treatment zone to a lower
treatment zone.

8L A spouted bed device comprising:
a cylinder which extends vertically;
a closing plate which closes a top end of the cylinder;

25 a decreasing diameter member which is formed at a

bottom end of the cylinder, has an inside diameter that decreases
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a cylinder which extends vertically; a plurality of
closing plates which partition an interior 20of the cylinder into a
plurality of spaces; a decreasing di aneter nmenber Wi ch
is fbrined within each space, has an inside dianeter that decreases
progressively dowward, and ha.s a gas inlet orifice at a bottom end
t hereof; a gas feeding nozzle which passes through the 25cyli nder
from an out sj ; ISy f i ( f S
a gas o, i n R R of oo Povon LR
decreasi ng dijpgehpragenber and. the closing plate th ebel ow, and

at least two gas di scharge nozzl es which pass through the cylinder

fromthe inside surface pjddiptRytersddisshirerosoes Which pdss chaigh a

gas from in each space, a treatnent zone [ocated between the

decreasi ng dileeyBndeefiven aanthside satfaseng @l etsiddsusgabekereof and
wherein the gas discharge nozzles are provi ded above a spouted. bed

tshat i s Hor machivh TdiMh&%e lpaks rfeatnn® nteatiorat z8ndenchodad sy agept suréace
pout ed bed device of claim7,
of the decreasing diameter member, a bottom surface of the closing
plate and the inside surface of the cylinder,

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

10 6. The spouted bed device of claim 5, 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,

15 wherein the gas discharge nozzle is provided above
the bottom end of the deflector.

7. A multistage-type spouted bed device comprising:

a cylinder which extends vertically;

a plurality of closing plates which partition an interior

20  of the cylinder into a plurality of spaces;

a decreasing diameter member which is formed within
each space, has an inside diameter that decreases progressively
downward, and has a gas inlet orifice at a bottom end thereof;

a gas feeding nozzle which passes through the

25  cylinder from an outside surface to an inside surface thereof and

which feeds a gas to, in each space, a bottom zone located between
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10further conprising a plurality of deflectors which are di sposed
above the gas inlet orifice in each treatnent zone, have an outside
di aneter that increases progressively dowward, are closed at a top
end thereof, and have a bottomend that is spaced apart from an
inside wall of the cylinder, |ISwherein the gas di scharge nozzles are
provi ded above the bottom end of each deflector and bel ow t he cl osing

plate directite YBEraRRRY GatefdteniBthbir hAdotiey BR PR PIAG BRICHENES

of claim?7, er- conprising neans for tran ring particles
froman uppegp@0treatnent zone to a | ower treatnment zone, 10.A
pol yol ef i n producti on process which conprises carrying out olefin

pol yneri zation by using #hRasPawbaethsiidchiageatoleamhionpast tiltigh 5
to 9 to forma spouted bed of polyolefin particles within the

chr Y1 mg.out 8| Y1 pol YN Sat) B By it hg LD MUIt T S{age-ype
5  discharge a gas from, in each space, a treatment zone located between
the decreasing diameter member and the closing plate thereabove,
wherein the gas discharge nozzles are provided above
a spouted bed that is formed within each treatment zone.

8. The multistage-type spouted bed device of claim 7,

10 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,

15 wherein the gas discharge nozzles are provided above
the bottom end of each deflector and below the closing plate directly
thereabove.

9. The multistage-type spouted bed device of claim 7,
further comprising means for transferring particles from an upper

20  treatment zone to a lower treatment zone.

10. A polyolefin production process which comprises
carrying out olefin polymerization by using the spouted bed device of
any one of claims 5 to 9 to form a spouted bed of polyolefin particles
within the treatment zone.

25 11. A polyolefin production process which comprises

carrying out olefin polymerization by using the multistage-type

61



spout ed bed device of any one of clainms 7 to 9 to forma spouted bed
of polyolefin particles in each treatnent zone, wherein

ol efin polynerization is carried out by feeding to at | east one
treatment zone a second type of gas that differs froma first type of
gas fed to the other treatnent zones. 12. The pol yol efin production
process of claim 11, further conprising the step of:

sol i d- gas Coﬁﬁéﬁfdd"&ed’ﬂb‘ywe%f ?hﬁ%hb'cﬁ‘ ﬁﬁlrﬁ§r70t‘ée91 t6 fBfinca EHS Gt t(Le

zone to whic e first type of gas is fed with a gas sim
second type @fg%ﬁol%ﬁ%t aﬁlcvésffneééﬁfﬂtréﬁt?ﬂiéﬁt%ﬁe’ rst type of gas,
i ng

before introdu the ‘pol yolefin particles to a treatnment zone where
the second type of gas iHe2€in olefin polymerization is carried out by
feeding to at least one treatment zone a second type of gas that differs
5  from a first type of gas fed to the other treatment zones.
12.  The polyolefin production process of claim 11, 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
10 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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