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TI TLE OF THE | NVENTI ON OLEFI N POLYMERI ZATI ON REACTOR,
POLYCLEFI N PRODUCTI ON SYSTEM AND POLYOLEFI N
PRODUCTI ON PROCESS 5BACKGROUND OF THE | NVENTI ON Fi el d
of the Invention [0001] The -present invention relates
to an ol efm pol ymerization reactor which uses a
spouted bed, to a pol yol efin production system which

e o o a process for producing
@_mgwﬁ/et hyI ene Ian(g SolngLg%lu(negeA”
ObEATRE o POLIRGERIZY A3

7 WR.,ch "POLYOLEFIN

EROBUCIONG RN POl HRE * BRoByaTON

gg%bﬁhﬁgranul ar polyolefmparticles are known to the
e, h

_J.

However, in a single vessel, the polyolefm
i xed st ate, as a

fi:i} (f" , d l%m t he di schargeof particles that have
ficient size to arise or for

&ﬁ?ﬁiﬁhﬁﬁe@%&gﬂ%%%%t o HreileEuidl %”%'a?é &wctor
NHERIES o oty @’%ﬂo@%ré@%@rnﬁﬁéé}?% StE xy ich uses
30 3hOuted BEARSEY 182 idkel bt Fﬁrgggélnﬁ’a)'\aar Sleghinauets as
Bofeflent ddt BORREObIISrERTNE sfibh Brkh3te) grmifut™

R Rl M o R conm et e i X ;’;, when

[9O0BP ueHn, pRtyBeriatioh rEalble Shieh Solyffiias wittiin o
vakeRs dnid e ?fb%h@é A %@% Jle,ﬁﬂ‘ HBOKEI R s

pol yolefin particles that were prior to

the oehRidg tbrfo‘%ﬁﬁgfdﬂlﬂﬁls{)ogldléﬁﬁgp%ﬂewét ax%flg]%wn to the art.

of f-speci ficati on produc ds u orm ng.
Howeverpbine avgingle vessel, the polyolefin particles approach a

completely mixed state, as a result of which there is a tendency for a
short path characterized by the discharge of particles that have not
grown to a sufficient size to arise or for particles that have grown too
large to accumulate within the vessel.

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

with complete mixing, when the polymerization of different lots is
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5 deal with this problemis to connect a plurality of
continuously stirred reactors in series so as to
create overall a plug flow pattern. However, the
equi pnent costs associated with connecting a plurality
of reactors in series are considerable. [0004]
Accordingly, there exists a desire to obtain a
narrower residence 10 tine distrjibution and achieve
wweﬁf@w EM arying ithe melpmerizakiooweorditiopise becdussuithtakes
reactors inclu?e t hose described in Patent Publication
Nemeo by sompleigly disehange fiom shesomsel shel pripaledise particles
Transl ati on of PCT Application No._ 2002-537420. In

| Wess pq?wé pronto the phangeineondisionsxadarge amount

see, for 15

rergegn of spouted bed are al so known
‘ﬁ@rsep,ec H¥s Brogugtsngdsi umn fermmgy i epmicesvable way to

2002-5 6, Eyr.opean Patent Lai d-open Publication No,
f%éiéﬁégﬁ%ﬁﬁﬁgéﬁbﬁ i conpeet 8 nlneHity o4 continueasly stirred
58- 216735, Jaganese Pat ent A&%{ll caﬁi on, Lai d-open No. S
46201053 &1 SeHigs 39 dsdosresicanveiall @ pagism.c aHawever,

Bt GImERECORb asSecialecbm b comssiings POWalAY of rekctors in
%gﬁ%g#g ingigni I] a plurality of zones are forned
%091& Sreﬁ? - t he hori zontal direction, requires
{080 A0 IE e Ut B et Foddence
t §-uctd [ |41 whi.ch a.l t,,of
888 MO Rbn, AP ANV S oy SRR e sipEleREcatiR 1 HRown
. 009 ' . L.
xS B sHolirendibfd indfds IRE dRacrbd i Baflry ytlication
Lo . . Can. i d _
NoLRE7S919, eal, B N, AP0 2ihd GG T fstaion of
t j : | a4 f . .
ReoT i AbpiEaigh Nop 02537320, ~tEh AURRE résfors in which
PRLCIS o Gt ncl ey B300 LU a8 AP Khfom, e, o
CRANTAS, MU0l R ST R BREAL 0o 20426,
: ] . ¢ . .
CarobEIE Pl RaRroPen PATRAGPN! | A6 S0P Paen
ll .o " 4 H H -
Pl eSI TN PGS, DR TE VBt YR i aton
Haid-opeht Ne. r 858400890l ghin e$e eTrhnddibhe o PCT
in a plug flow nmanner. Hence, the residence tine
AipplicationiNo. 200D31 354 G)ar roned. The fl ui di zed bed
reactors described in Japanese Patent Application
SHIMMARY QOF THEINMERBEONapanese Patent Application
Lai d-open No. S
[0005] However, the process of Patent Publication No. 2675919, in

which a plurality of zones are formed within a vessel in the horizontal
direction, requires that stirring paddles or the like be provided within the
vessel. This results in a more complicated construction, in addition to
which a large amount of energy is required for agitate the particles. In

the process of U.S. Patent No. 5235009, wherein a plurality of fluidized
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15 59-42039 and Japanese Transl ation of PCT
Application No. 2002- 515516 do not necessarily

require gas dispersion plates, but there does exi st

room for inprovenent in ternms of volune efficiency and
pressure | oss. [0007] It is therefore an object of the
present invention to provide an 20 olefin

pol ynmeri zation reactor which has a sinple

arecanmectedein senessimbthieavertiehl direetionetheheeed to provide

residence tinme distribution. Another object of the
ianfreaboand ateach plageimey aepalt yolanf enqrmuaiiscrdactorshyeiphtn  In
which |ikewi se has a sinple construction yet is able
tlapsness alnanalatipnr @fuP€E rrlphepphgaﬁencblom 2802-537420, which
dlstrlbutlon A further object of the inventionis to
TIpriey iowé polpmeyigzation ina single passpwithirs @ wbuldr reactor, the
such an ol efin oolynerlzatlon react or or polyolefin
frbauaush bes maderextreowdy) longe to | ashieve @ suftcient residence
reactor according to a first aspect of the invention
itHBfudes a cylinder which extends vertically and a

10D AE W Giscalatins Ruediged e reasiars diker hosesdescribed in
inlet orifice

dep ress'iﬁ%’n@l%?q“rﬂé% oPCH's A 311860 Ne! o003 2042beand
FuirpREaR EptER heidronkBn b isaion Non 3343, Fade pofyolefin
PRGBS A R it
S5 e ., B ESNL 6, e
e, el affigPheh B Lfilaﬂ%taﬁﬂq { SR e Db BaTRTes  The
At R TR YBertPa Yokt P AiEpf A pplior Laid-
PBEHRE, SCASEALAT T ibanBRE T old U RligHSFHidhBhEn Yo,
S I, o 00
ETFE%?S’" ?F’ﬁ%ﬁ%$¥§%“§frl?"f@ﬁes VS dispRfion HiasE bfb e’ oes
SO 45108 LD it
Kfparticle concentration near the center axis of the
cylinder and in which particles flow upward together

g@ﬂ(mt Itelsgﬁfbreﬁﬁf@ At obfectSéNhd Ei@sehl't‘%%ﬁ‘ﬂléﬂ tf)oé\herlcgé an

he periphery of the spout an annular structure

ORfin pobpmbrilzhtibn reabdf! t
i nfl ugngnof grlaw tf}m[to‘g%??%a%gf %ﬂ ogled&fnﬁﬁﬁtlon yet can

Sbtsstinati sy traduien thed BssiBémomtinde HsebhfienIaA #Gthet 8bject of
orifice fornms the spout and sweeps past the particl Je

tird ingegtidheis to provide a polyolefin production system which

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

polymerization reactor or polyolefin production system.
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remai nder diffuses into the portion of the particle

bed having an annular structure. The solid-gas

contact between the ol efin-containing gas and

pol yolefin particles in this way allows the pol yolefin

particles to grow through ol efin polynerization within

the reaction zone. [0011] Generally, when conpared

with a fluidized bed, a spouted bed is 5 known to be

d8paBi ek obefin piolymgrization qebttentaquerdimgntnacfiist aspect of

ternms of pressure loss and, owing to circulatory

tbe eerantiom tinelysest iaclcydinden wihieh r extends westicadly and a

whi ch somewhat approxi mates plug flow. Therefore, an

sogreasing dameter Biesaberd whidh tig flormiesf on the cylinder, has an

Rol ymerization reactor according to the present

itAsidet dismeater thatt deereases progressivelyodowmvirnds eindi has a gas

distripution of particles in the reactjon_zone o

Jalet swtica aba biqtipqm ievd-thereafeacA spoutad bed dspfouped inside a

fluid zed bed. Amotger advantage_ is that when .

reaction, gppe | encleseshby anemside surfase «f thet deareasing dliameter

the order of several m.llingeters that would require a |

%?I}l%ﬁr gﬁldga@ nside j uytacs of | thedeyden abave. ey de¢reaging
d are produced, such particles 15 can be fluidized
macﬁguﬁﬁ - velocity in a spouted bed than in a

D000 R s Somvig: bba-tiBe ool pbbigrizefion; Mt of the
S B Al LAY b « i
SEIAIEE o e B nlrGrERs SEBRE0s0m Fpdioiofia feweasing
BilBbleR et 48RRI 5 Mdeor 7on8 Thal el Guplist-containing
EREEREH miRles B G el P ROR RS oRedn dbsreby
FXifng 30 sEORRE TR UBETHR nERESh AP 08" Hsoferein
¢ SoouklC pEA CRefBha e phftidlc! B Sie, BRI ERE dy” the
eieiilatofy AIBVRMeMVG5artRlds, WherBf h¥rt #86hs, in a particle bed

composed of polyolefin particles (sometimes referred to below as

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

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

remainder diffuses into the portion of the particle bed having an annular
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[0013] In a conventional fluidized bed-type reactor, a
constant freeboard zone nust be secured in order to
suppress particle scatter. However, in the reactor
according to the second aspect of the present 5
i nvention, disposing a deflector above the reaction
zone enabl es the scattering of spouted particles to be
suppressed. As a result, the freeboard zone can be
stisratureed, Thelsolid-gas eastachbetweemthie elefircontieing gas and
vol une efficiency than in a fluidized bed reactor.
[mdyalefin pastiglesfinrthis wayoallows thegpolyopefity particlesitongrow
%gggtors of the 10 invention to have a plurality of
ttheough elafompebymaerizatdon syithiol thelreactiomaonec! es t o
ggﬁs gguentialgéhthrough the reaction zones. Fromthe
0 Mli energllys whencampared withhe fluédicedibed; a spoutedbed is
re preferable for the plurality of reaction zones to
oy fho ther sanabile of exbibiting an ewcellents performances jterims of
particles to pass sequentially froman upper reaction
ﬁe%ﬁﬁelpés mdgm%&tqwlaéﬂg.mgyepmm of the particles, to
pl.urality of reaction_ zqnes and nulti-staging the
S¥Gt E8Chd@s, MIRRE cWhieh c somexghati anpreximatest gplugheflow.
rtigles can, be made .sufficiently small. reover, .as,
dhsepiarEq A pshantage, 96 & SPOUIEd hspdéwefql@%apolymenzauon
conventi onal,. fl yi di,zed bed in that it, gives , rise to
AF3StAY dgnording, ﬁemﬁéﬁ PIRSHIYx ineantiony 1§ gthad ¥t an makg the

R C A S
RO, Y A s B2 S
BHOYAEER s that whehi kT B SR PIFRIHI KBrifled R sized on
94080 0 DLTROER S0 ML AR 1
Sty AR a5 PR SRR s
s TSR | b SR L SRR

feddizk@begone, an ejector provided on the particle
renmoving lirne, and a particle 5 feeding line for

N ' j-ect.ar
[T TR SLBhoh BRI LA SLEQRIREIE) o b8 aspeci
ef efteori i8A) i , al byvli e e r i
Photicy anERUGH TReludR 2Oy HRARL PRHIOH S RefS Sekmll o
dédreasipipod]iécted tmambed WhitH i 4
partiglgprenovfnénl?%g?‘gnd aﬁﬁggngggdﬁ%gﬁ??ﬂgﬁgﬁ?bhasan
nride digates thiat Rletfedses ' ed&wvh i
_bot h an upstream si de Sangﬁggg%ﬁfetlyeam s?‘?’éabfaﬁgﬁ}gls a gas
onedfificalay a Wottbrhegbiheress dnd PHefleslor VRRY RWUisposed at
mnth[p the particle renoving line. By enploying SJ%%
apositicmowithili .a rdaetionngod chbRsed-19y fanvilside sBEatE&f the
ej ector can be adequately prevented.” [0016] It is also
perrsasing, dinmeter wlegiber arad ymensidatsupfhceasitther cyliide? dbdve

the decreasing diameter member, that faces the gas inlet orifice, and
which has an outside diameter that increases progressively downward, is

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

t hrough the decreasing di aneter nenber, and all ows

pol yol et m.particles to fall froman 20 upstreamside
u%ﬁ an &y ?Wliggéh‘f 6Y£!n@%"vmstream si de reaction

0031 8y e 1 sphyemSional cluidiged: Brgtivbermneetor, o haosstant
el RousoB LSRR R RS hchclnsat

- scatter.
: le of re osefor t he I oIeinIpartiI%rI@zstwithin
BB ioe Brstor Aol doi s BMAhAtaR aintha prspent
dngohiorty dRnsibh dELRgiarcabevadha Bechon: pore eebles the
SERGEILL S BUEAERAhikfls b SAGRSL A W e, e
A B DB ROE BB R AR 0 iy, S Bher
TS s A i oSy P?tsata'si B -Lfym:LZ?{‘?L?ZS'

. . 8 .
SOPREF L FROTS Rbe MEF e olctid ReyitiPireidh, rEadrsyaf; the
e : o . 4B |

SIS I oL 1 O i or ottt
PRSI Skl e NP o KB
VRO O 2] Spe i (HPERIT IS, oo prefigrble for

tﬂ?]ee bﬂgﬁgi%ﬁfg??%mgﬁﬁfﬁﬁegrt?% 259? foHhEAGH % %E’@%h 3% and

r than an angl e

feptlepbBlolehii mativRiseld gawgéi&éé%ﬁ/% ]eilfa);h‘ﬂn a%‘igﬁﬂ)er reaction

reaction-zone. This discourage cl es

Fonentet 4 disiweg tedctiba Aeid.ec il '
preferable for the defl ee%:t o?%grd\hg\ge ?Bb‘%‘?}%’z ofreaction
sonéacandf mohi-salgisfanke [spBafdd TBedpo! el &fdsience time
producti on process according to another aspect ogl the
disteibtriion foniitd peicles cah b rasde Shiffi¢iBntl9| Wil ZMbRdver,
by using the above-described ol efin pol yherization
aedesaibal abbee, agpotiednbéd differs froapawWateatidnal fluidized

olyolefin particles within the reaction zone. 20 The
gcnlynlthat it gredutse o mitingdvhicht SememientdpproRBitates plug
i nclude the step of continuously feeding oléfmto the
dowt i rApal sesalt] i residemectinte distribtitibhecasab@® naiidived to a
continuously renoving a gas containing unreacted ol efm
sinutan degreeewithpel ymeler aunderr efistagesathénr by unoitigtaging
the renmpved gas to the olefin polynerization reactor,
Buidizedbedep of cooling some or 25all of the renoved

as so as to obtain an ol efin-containing condensate.

150i1¢ isapusferable soprtheeolefire polymehigationdenstirepravided

be fed to a_spout portion of the spouted bed forned
Withnias descriteg: abowez anplurality ofekesstion poses hhesdrtes and
utilize the latent heat of vaporization of the
hasting nnuttinle spawited heds do haveomerns fomtransfaiierg polyolefin
pol.ymeri zation reactor by the condensate to be carried
pﬂ;’glcgf fiana nan yupstieasaside reaction zone to a downstream-side



10

15

20

25

5 cases where the olefin polynerization reactor has a
defl ector, the condensate may be fed to a bottom
portion of the deflector. This has the advantage of
enabl ing a condensate feeding line to be installed
using a jig for the deflector. [0021] The pol yolefin
production system according to yet another 10 aspect

St TRl IS Sy B e St
HHTE 15 LR AP I £ emoving
81 25 1kl GRRFORAbalrtTet HGR: e wPliin' ide reaction
TR R .
o ot <
R SEATRAZ AR AT 1B B1ER 9 LB St s
'g%!&n‘iﬂ & g%ﬁ fl’ﬁbf'@!ﬁfeféfﬁt)y&g ?(Zx% the ff'eﬁ{nsé gl‘rf]%d#.gt(? figrther

urty 20 contail ni‘ng po In particle I qui

Ghéluide hh OBRIOTE VAN r_}ﬁ‘rBIVYJ@{ ia%aﬁ]qgkérﬁ?&ﬁgfe bIBtsft@ on the

ol efin polynerizatio eactor. I'S case,

. t ) . .
BRFHCR ol ing 1%, Sl & s Zofing3iné DR Bnfinuicates with
8 Sk 9Fl o2 it hi , . .
react or, et he I‘iyﬂth1 i]éﬁ%fozf}i)ﬁﬂgégglﬁ?}ei\é;ﬁtshgés gﬁsoﬁglsstrgam
3RdeIpEthé OnabiMvedloeidnd Fldsoy eVeAfEldPLinb Rhﬁl
does not exceed a m ni wmq‘s%ﬂggig;g??ggbf\ég%%g%gag t ethe
ycleefenoviap! igé.esByekshplo su¢leagt 4 i
ternativel y,g it sH(?(eesi rpab?’g%or t he éélf?ﬁl?g?ﬁt@%t,bce}oggmg
oédhée oheofflvalvd ahdithe ejuttor Zai be rad'eqaatecr1vj préventad.
hi gher position than a powder |evel of thé spouted bed
{0@16] ¥ isoalsecpossibles im emcdlefin pohemetivzhiion tregctor &aVing a
pol ynmeri zation reactor. By setting the slurry feed
phurelity of eeactborpasnes formed ihe Yeatiegbirow amd kaving hsltiple
flow state of the spouted bed can be fully prevented
spoutedebeds rig thes vettiealwdirectien) to cahploy ofs thee thangférding
ol efm The "superficial velocity" of the liquid
mesmisnaf dowosomerginstéad aifi tre rabiowerdescribelde egator System.
t he val ue obtai ned by converting the 10 vol unetric
doatncasnen He bitgatied sbefis ntd epasso thiemghl ¢he ndecreasing
pol ynmeri zation reactor to the volunetric flowrate
fiameter nmpeagaker | and | allowangolyalefinn partides ata efalbyfromme an
cross-sectional area A of the olefin polynerization
pRsiEeyn-d(e upper reactionyzone)to alovensireamsside reastiom zone.
Pdﬂzj@ter f the cylinder). 15[0023] The present
i m

t o thgr gWendiveareagtosnderisnpraderable for ribegdecreasing
| npl e, enables a narrow residence tinme distributjion
Bmeles dne .tophaye razs gingle \afeinclimagiosr hepwesmshe iisside
conti nupusly produced, .it is pqssjble to produce
wl%%ﬁs ﬁﬁﬁréf\ﬂ%n%mgﬁﬁéx]é@ﬂ%&a styuehusalarger itbamiary anghe of
addi tian to which gfol yner, repl apﬁman in the reactor .
TiRosec oI dBs polyoletin“ particles within the reaction zone. This

enables downward movement by the polyolefin particles to be smooth

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

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

2 is an enlarged schematic cross-sectional view of the
250l efin polymerization reactor 10Ain FIG1; FIG3 is

SRS o 08 s A i o v
e%g“ o Sy T ol 0
REEAEE AT Ll A SR
TR B REETT o R T BT i
B Hanfts tﬂﬁﬁﬂ@é&fﬁle@dﬁﬁ%@%ﬁs%e&w gmoot

iﬂb‘fﬁf d@BBe %@}&% 78 bRRwES P brtilePliaBNSRt BS SHEL: gas
inlet orifice and the cylinder inside diameter dj is preferably 0.35 or les.

,—,

Using this arrangement facilitates the formaﬁion of a stable spouted bed
having good particle circulation in the reaction zone.

[0019] In addition, it is preferable in the inventive reactor for the
deflector to have an angle of inclination between an outside surface
thereof and the horizontal, which is larger than an angle of repose for
the polyolefin particles within the reaction zone. This discourages
polyolefin particles from sticking to the deflector. Moreover, it is
pfeferable for the deflector to have an outside surface of conical shape.
[0020] The polyolefin production process according to another aspect
of the invention involves carrying out olefin polymerization by using
the above-described olefin polymerization reactor of the invention to
form a spouted bed of polyolefin particles within the reaction zone.
The polyolefin production method of the invention may include the step
of continuously feeding olefin to the olefin polymerization reactor and
at the same time continuously removing a gas containing unreacted
olefin from the olefin polymerization reactor and returning the removed
gas to the olefin polymerization reactor, and the step of cooling some or
all of the removed gas so as to obtain an olefin-containing condensate.

In this case, it is preferable for the condensate to be fed to a spout
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10 left-right are based on the relative positions
shown in the diagrans. Rel ative dinensions of features
shown in the diagrams may not be true to scale. [0025]
Pol yol efin Production System FIG 1 shows a polyolefin
producti on system 100A according to 15 the present
enbodi nent . Thls production system 100A includes an

Séffi;i?& B R HPOUEr bed16Ea Shichin 2Bfi-actanagore.  This
*?515015%%‘%6# iR R e Bhaieas 16T ovimuition of the
%%%Hgét%f RS HR LR 0 5 B pleifs Yasbaserization
GPaftol Yy 1R SRS ler b eBRY: GuBeneion ?41:' Merease, in
Kt %Péfr;%?‘r% 0l SedlimerBAOR Ay °fal Eaf‘féfgieeg% the
gas pﬁase po?lygrfégﬁ(gg |agﬁ8{rt§{§lip 8&2‘% Rh\;thgn(ge?gerctegghte $ has
(RESUYEAAER0 AT ELORRon B o SE RN Bhing
?g%fbﬁﬂ&t&gﬁ?%%zdl ffering types may be used in

I nat1on 8] Slurry pol ymerlzatlon reactors

n
IO SR A 00y AT v, o

e c%‘i’.ﬁz"’nﬁ%‘..fet’ﬂéﬁhﬁ*ﬁ%‘%%%%ﬁﬂf?%%‘%’i@”%%w@f&”f’dmﬂzmg
Bméﬂim i EW
Publ i ggtqlgnrprél\%n% ﬁga%;(gégn%stﬂ rry poly msrl g}%l on If%rmmg

Eg@gﬁglﬁ% gﬂ?ﬂ I@aﬁao thieesbavd-descsisdd e@l‘éﬁns OISR~ EAtion
reactor of the invention which is connected as a subsequent stage to the
olefin pre-reactor.

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

superficial velocity following gasification which does not exceed a

minimum fluidization velocity of the polyolefin particles held in the
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10 nononer such as propylene or butene to an inert

sol vent such as an aliphatic hydrocarbon (e.g.,
propane, butane, isobutane, pentane, hexane, heptane,
octane) or an alicyclic hydrocarbon (e.g.,

cycl opent ane, cycl ohexane), an ol efin polynerization
catal yst is dispersed in the polynerization solvent to

forma slurry, .and 15 polyperization is carried out_in
ACFLRR ZRARY eAIFfénaswyﬁé it iSriasirable gorie tobe fed into

| ssol xe in the, polynerizatjon saolvent. Po|lynerization
%@e @3?541 d%?qmena?gtlm SREETIORE aamﬁﬁr Positran thanygipawder
he .pol yneri zat i.an | vent .i s intained jn a liqujd,
PERIEOLF EpERes ord frateid: farntbinied AAStion £one Sedhisuthe
[ he pol ynerization, sol vent. The pol ynerizatjon 20
Piﬂ%%r TjZatopnEqactor, By setang dhe gttty feed rate or feed

PSS PRk S, IS 008 YERG e el el can
bly f .3 tp 5 MPaG | 9] Buylk . .
Bor BRI ook b8 Siain, BeComiie mulstalde ualh easification s the
m&%& tion reactors, such as the stirred tank-type
ind | oop- 25type reactors described in

BT G DA i
GHBSRORCR MR SR80 BB DRE Y S B
SELSHL 0 S KO A8 T80 Rty e Mo
RO OISR T ol RSO B UBERR g dividi

1 1 . t . -
fd ‘Ht%éx‘ %XE}T,% gﬁé%ﬁbg@h&g%gareackc Io?p(ffé Gﬂﬁ'n} )psotlyllnsenzatlon

cycl ohexa ' ymerization cata

? . t H H | . .
géoe}%sﬁfe 7 nidBr Y€ POLYHR! | ZRLIOM 39 tg%2¥%1% gdrleén}eﬁ%r of the
lid

J

zation is carriéd out in a
_that is forned does not dissolve in the
pol yneri zati on solvent. Polynerization is carried out
028 ]t ThBGratetsinienabf provides n AbrafdeftbrtRehich, alth
g%l yr!eri zg{i on sol vent irgbmai ntained in a li quicg’_gt atoé:lgh
simgpleh erpbleyTar nifiatv irésitlens® dirdeedisidbutids 8! BE ddhieved.
t he pol ynerization solvent. The pol ynerizati on

Asnperestilt; avhén %ﬂ@l@ﬂiﬂl)épél&mﬁ@s ‘contiBB6usBNproduced, it is
preferably from50 to 80C. The pol ynerization pressure

pesgibleetaaprydice gbglrﬁeﬂ hadiny ansencellent SoruthidaPa@ifsithity,
preferably fromO0.5 to 5 MPaG [0030] Stirred
ireadditiometogwhigihpelymet yoplatambibin tieasdaeter witht chieges in
be used i nclude known polynerization reactors, such as
theeprodactioncomelitondesdedasy. Japanese Patent Application
Lai d-open No. S 46-31696 and Japanese Patent
BRIEFCBESCCRNSTIGNSOF2 TR DISAWRNGS ank-t ype gas 20
phase pol ynerization is a process in which a nononer
in a ggﬁohss st sehematicl veevast ahenmbpoldinmersnel thehpbEyolefin
mai ntai ni ng an ol efin polynerization catal yst and
prashuichiopalygtam aceordibguiodhe gaeserdtinventibnn t he medi um
by neans of an agitator, the nononer in the gaseous
st at e FKo.pdl 1smani zolarggthesqheinyatic | rass-sactienglevigwr of the
is generally from50 25to 110C, and preferably from 60
elsfingpaymerezasisnyreactoral QAinFl€s dyre shoul d be in a
range at which the olefin can be present as a

FIG. 3 is a schematic view of another embodiment of the

10



10

15

20

25

vapor phase within the stirred tank-type gas phase

pol yneri zation reactor, and is generally from standard
pressure to 5 MPaG and preferably from0.5 to 3 MPaG
[0031] Fluidized bed-type gas phase pol ynerization
reactors that may 5 be used include known reactors,
such as the reactors described in Japanese Patent

L %}i}on Ctai d-open No. S 58-201802, Japanese Patent
%@W)@ Broquitprh YN Accerane wahednygal98nanese
Pat ent |  gat i Lai d- .. H 2-233708.. FlL.ui di
o g KA T Il B o iR, A 5P e
AR BRSO Mt Ty SaliSg oA ™
I i ' d_ol efin. pol .
Frul o 25t ot s R KOwREE sl sibientirdiponpe curve
3 : in th tate i
SR DIBARRCE, o Cases, %an agitator 15 also
DESCHIP HION OF I HE PREFESREN EMBDBIMIRTS ™ Oh, |

fmgﬂgg Prefortdf emBUHMENS of t@& hglhlr %@a&%&%&ﬁgfncdetaﬂ

['ymeri zation pressure

' t | gfd.pscan r S e

NG R, (RIGHEE e e SREChod? ot WHAR® necessary
I f d : . r Y.

e ripted AL b RES PoGitRiel Sl Sl Yok X Bb @R Yand
W Fupithatd ' eact.ors
exenp itf ih%g%e a sl lEIri ?yﬂe%{(}m(fnfgp ?iztgéﬁﬁﬁ?‘gglc%rtﬁérd%ﬁams‘
[R14tipe R hs s gaes ihE Bidsrann
t he slubs elgisfelﬁtﬁﬁgt%ga a flc%liogfrg ed %g ! étl%.pe gggdvpﬁgtsgéﬁue
pokyateri zati on reactor or a stirred tank-type gas
phase pol ynerizati on 25reactor. [0033] Alternatively,

§002 3 PoiyplefinkProductionBytémg unreacted ol efin or
pol ymeri zati on sol vent fromolefin polymer particles

may gebéGal Ishowes arpolydedinoptokrtion $stémy100A according to

pol yneri zati on reactor or a bul k pol ynerizati on

then gireserstnembodiment. e dThiwe peodudon hsystes 00ANIncludes an

stez}ge_, a gas phase polynerization reactor such as a

blefin prepblyarbrizatengractdres,earid palolefini pelyherizagiRet Ractor

a stirred tank-type gas phase pol ynerization reactor

dPA: hwhsclbs ueommecteds asi ke dswbsekjuenpoktager itoatthen olefin

reactor 10A. However, such a flushing tank is not

prepolymestpatioadeaptrtS.cul arly in cases where a bul k
olymerization reactor is used, a flushing tank is

B)Q efip PoepolynerizittmBReacioaf i n Pol yneri zati on

React or The ol efin polymerization reactor 10A :

is a rEhewdefinmrepolymetizatianreadtar § polypterincsalefingasthe

phase state, an olefin polynerization reaction on

pssgaeef ph #ar olefiespelymerazaion heatalysti to form polyolefin

prepol yneri zation reactor 5. [0035] Referring to FIG

PAtKRS. ol ef i n pol yneri zation reactor 10A is

[0027] Examples of the olefin prepolymerization reactor 5 include, but
are not limited to, slurry polymerization reactors, bulk polymerization
reactors, stirred tank-type gas phase polymerization reactors, and

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

11



10

15

20

25

15 conposed primarily of a cylinder 12 which extends
vertically, a plurality of deflectors 20 provi ded
inside the cylinder 12, and a plurality of tubular
baf fl es (decreasi ng di aneter nenbers) 30 provided
inside the cylinder 12. The deflectors 20 and tubul ar
baffles 30 are alternately disposed in the axia

direction of the cylipnder 12. Alsp, it is preferable

CFE AR THY REHIRLEIONS, 3 plarity il reagioruot s sara type
30 tq be disposed .coaxially with the center .. s. af
THaY B8 Fischk i $OmbinarRner SR RBINe reactorsef diferge types
t.he }ooute . bed bt h%. i nside di ameter of the cylinder
9ay ep‘r‘%ﬁ‘g’r“a‘t‘ﬂry HAGbre than 5 m and nore

BP0 bl BhPBRASA actoR g 358Y s 1S nown
R U g EAIE A hER EK e b BAE hnd Foop-
3pf 1 ?%%f@ﬁ%% i SRl e PRl Publice 'Qﬁgﬂégﬁ' {42016,
e g . , 1
APRhaR deutl UGN 8] 387 oGt Paten
Thicaton ﬁ@ﬁ?;‘??“n%“’;{f%'zgﬁﬁf?é&?@ﬁe%gfi?ﬁé% % peSoess in
> 3 .
ATHHA o SASERAPAR SV 3, BRSO B Yom ot
h . . ]
Fichanr el BRGH) Ryl WG OUERSE iyt e
Aiphafo 2y nP%I;f%? ?‘?ei-%é"?%?ﬁ%f;?o‘%é%%t P%%‘“%‘%ﬁ%%%i%?ﬂ%
bul 0
gl?g?%g’oryo g%%’pa??i%gle)ets.r&{F%%ﬁSS?hﬁggﬁgvﬁ [ nhﬁﬁ)é}g, (e.g.
YRR ed” 18 A sy APy Rt s
dﬁ‘ﬁae‘rﬁ@cﬁsiﬂ heh® a?o'ly“rh@ﬁz@ﬁbﬁi &Blvehie t60!Br@f 4 N8lurry, and
deflector 20 is 10 prevent spouted pol yol efin
palymetieatibndscandéd out iwa stiteswhskethel polzﬁﬁa?itﬁhﬁist formed
shorten 15t he freeboard zone, enabling a high vol une

dbks cnendyssodvdenatie posmerBAtoh Sok/ctef | PolpheriRatiof is
a coni cal shape with a top end 20a that is closed, an
catri¢d eudizire tempehitate andr passsrepapwigekithie! polymerization
downward, and a bottom end 20b that is spaced apart
Solvent lis makitaimedain adfiquidestagd iandethelgolyfserathagsis! formed
particles that have been bl own upward collide 20 with
thes inwdi dissalvef i tho polymedieationt sulvat. anfharplyaieeization
up into the annular structure of the spouted bed. At
tamperatere isngeneradhys from A0 & d 005G radprefesdilngrom 50 to
bet ween t he bottom end 20b of the deflector 20 and the

Her walhe opolymecuiyationieprdsgure is [ genkdhllFadtomutsthmdard
baffle 30 is a tapered cylinder which has an inside
pessurete 1 0 MRaG and nreirablyy frooe Ochte s MRathe

flovmvvard di rection, and
0029] Bulk polymerization reactors that may be used include known

polymerization reactors, such as the stirred tank-type reactors and loop-
type reactors described in Japanese Patent Publication No. S 41-12916,
Japanese Patent Publication No. S 46-11670 and Japanese Patent

12



10

15

20

25

has a top end 30a that is contiguous with the inside
wal | of the cylinder 12. Such an arrangenent all ows
gases to circulate upward froma circular gas inlet
orifice at a bottomend 30b of the tubular baffle 30,
but does not allow the gases to circul ate upward
between the top end 30a and the cylinder 12. The gas

R b P
A 1 B A ] P50 e
AP mieratiREs iy Bht bR a5 shBTRBGR oS! et ﬁ%&‘?n%s“"h
5 hobafi R R B Brohel SR g TS aRey praGne.
i) %%%B?h%b@ﬁ%fl@éﬁ%?ﬁg#%ﬁﬁé%@g?ﬁ  abyclofghtane,
AN DI AOLRTANG, B sr el ' the
@iﬁn%%vzg? B, SUVRRE Gl OSSR ERR A" ' e
e cyI [ ndgﬁ&@%ﬁgﬁ@?ﬁ%g?{}%dpa&d&éﬁz (ztrgagsgtr)gﬁegeg‘ the

5’3"?&* SRR LT, RO IAPMIRGTE, clzitd dieaR bl e

h
PR Y e AR St i

bgiﬁ&' fbteZ ang & p b%?qhér @ﬁéﬂ [PbAnEAado&A bt tdi?é&l% in the

fle 30 satisfy't [ 'ow ng conditions.

Fizatidd sttvest. WeFhe thuly ficHRitin gérétﬁﬁa ibagenerally
inlet orifice at the bottoniend 30b of the tubul a

edihl e3@0 tand Q0°€, i ngiddeprbiferailer fSmof SOthCVSOq@ier The
12 is preferably 3.35 or less. Also, the angl e of
}balmbnlzatlbﬁnpﬁé’déuﬁé isheehehllyarfroaf fstendRdi prédstre. to 10

i.e., the angle of the Inside surface of the tubular
BDAPAGe as@ preferablyefrbar 0 otk 8IMPaR6E. pref erably at | east
the angl e of repose for polyolefmparticles present
WO30 | Stireed-tdnkrtigre g&s plitse pobyimerifatios ireactbrothaa3fay be
is nore preferably at Ieast the angle of repose and at
usedt indledenghewat pobymierizatiopokryadtefsn pach i ad ethecagactors
be conpl etely discharged gravitationally. In this way

~ Heseribéd dohaparese RatemteA pplitatioe matyopest No. Bat6-3d 696 ‘and

is achieved. [0043] Although a spouted bed can be
JapanaseePatent sPulglicatiomtNol & S92 1824 g&iried dank-type gas
or|f| ce fornmed therein instead of a tubular baffle 30,
phasgjipplymiesizatipar isi el process motwhiaki di monginér i ias gaseous
such a flat plate near the inside surface of the

state ntferuserl ass ther avadiumdeads owile meataining an olefin
polymerization catalyst and olefin polymer in a fluidized state within
the medium by means of an agitator, the monomer in the gaseous state
is polymerized. The polymerization temperature is generally from 50
to 110°C, and preferably from 60 to 100°C. The polymerization

pressure should be in a range at which the olefin can be present as a
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10 renoval in this region, the particles may fuse
together into nmasses. To avoid such a situation, it is
thus desirable for the tubular baffles 30 to have an
angl e of inclination oc30 which, as noted above, is at
| east a given angle. [0044] It is preferable for the
deflectors 20 in FIG 2 to have an angle of 15

A B R
S refqﬂdpalﬁtg@fl%‘?ﬁﬁr domy 4;?14 P?F‘éSBW itﬁd%r a(§ nand
aPsTertBli aRR A Fo MG L he Ger cctors 20, 201 0045]

JOOHEN F1RiBRA BeC Bpe BHS ro PeismerietibRgresdteys that may
B o B mCFAReBES S e Reidrs cessbed in
JrBafie bR SR el L RREE NG 1Y SEDD TR, Eabimese
TP Apargesh, ARl Nl 8150 B4R wBd Taiese Patent
(PRI Caid o I0R. B ERH K ERFLER REI-BREeRY Phase
AP iAtn BN PhSEGsSREHILH 2 hShohBr 18 £ e R prgte is
WBed%s e millpm BEM, Sl ¥RintiifD Bifinghl o olefin

corrosive 1 ngre

gkl S N, KA 0O S i
Plri]f r%%(?lltug?nggf ﬁ?ehgﬁiggl i nder H%Z y ’:Atgsr@?ﬁgﬁﬁfngl E@Egggg%ous
stageripr | hid ' '

B B e, | TSP Sflses? i Bofabdin Y, 3o Piéyified to

phombtd afuidizeionip THe Ylyhdeiz¥lon" @@ﬁlﬁ%?ath?e is generally

di scharged to the exterior through a |1 ne L40, a

@m@ttoalm,pprefeﬁatﬁ? Aoen IX0TRY SHD0PC, 28 @ RhbRY Prberably
provi ded cycl one 62. Afiter the gas has passed th ougﬁ

froea thietot 100PG  Thetpdigaierbativraissird sliould'BY @S Pinge at
64, a second heat exchanger 65 and a gas-liquid

wiieh aheroléfin ¢dn be pesentias arvapdr gxhabé neithap thé Fluidized
another line L35 and recycled. In addition to the gas
bed-dype reactot,cand is @ediesad hafigem nsaaderd( ?nissﬁfeow)lo MPaG,
whi ch is capable of discharging polyolefmparticles at
prederabldy ofrome 42 o 8pMBaGpandeynaatespraferablpvirdad BS to 5
the bottom of the cylinder 12. Also, to reduce the
Mia(at of powder remmining inside the ol efm 20
ol ymeri zation reactor 10A at the end of reactor

24t Combinatioes pfedidfarbht reactprsourelexemplifiet byr a slurry
menber in the shape of an inverted cone (not shown) at
polymagrizajipnyieactod oers anbulk podymerizationhregasor, | towwdtich is
t he boté omof the cylinder 12. L
connected, as the subséquent stage, a fluidized bed-type gas phase

polymerization reactor or a stirred tank-type gas phase polymerization

reactor.

[0033] Alternatively, a flushing tank for separating unreacted olefin or
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[0048] The cylinder 12 is also provided with a liquid
feed nozzle 50 25which feeds, from outside the
cylinder 12 to a given reaction zone 25, liquid olefin
that has been separated by the gas-liquid separator
66. Specifically, as shown in FIG 1, a liquid feed
nozzle 50 is situated near the gas inlet orifice of

o EF Rt oh b Bt R e B0 Vi rartiefess Bsdaenerally be
HEiRe oREnErerr @ ot ppTiipelidaliat | tkion o a buk
AR iohTent(Sr gud RnopdiineRE0 £ R Sibseanént stage, o
RRmeEse o LR¥RAAKinn s 8Fvigh Y 4 oG pajbtype 835 phase
HOPABE atibf refROR £ oA b 0 Bhesd il ymagizption
B Bl i oo e UK EBEN e AR A rigBlNGD Ricfr 10,
FlotPhirs Xuph, £ TRudhing 180N D5 WAC bpay S TrBlipaftiluly in
S amert b pOMISEizafoh fRcr s Bofipatibg tabi is

BfieMirR Providddge portion of the cylinder 12 facing the
outside” 15 surface of the second tubular baffle 30

[0031]t Oefif PolyhictiAfidondR e5dt8r ge nozzle 60 is

connected to Itne L40 by way of a line L41. The anount

of gasTHe H16AAGRSlyFlRPation RasteH mmﬁ %erARFH Whid cdriies

control |l ed by respective valves or other neans so as

but, tin sslsstanialdy loas ¢Hadk state! B8 ASRHYol é}?z[%fogzgf i
has been fed inajflrggmthe I'iquid feed Ii52009nozz é egr(]:gonv

o polyalefin pareickisoformeeMsy thid8lefin ﬁiaegdlgﬁ&iz%fﬁ@ﬁereacmr 5.

nmonomer has been fed into the cylin 2 viat
[0035] Réfeeringonz I[GO0L, thee ofelerpolghidrixtiffirtyctef 108 is
gas inside the cylinder 12 is kept substantially
camposed  primardyv exft acelyliddercl2 owhich eRRpds Wertically, a
addition, a line L5 is connected to a position on th
piyraliiyeof deflactars 26 provideghiesidétie ¢yindapi®sind ypMaility
baffl e 30, and polyolefin particles containing solid
udarcleafilies { docreasingodiaymeter nadrbers) B®ppstided igsitiedhe
through this line L5 to the topnost reaction zone 25.
Wcollbiendeffectors 20eapd dubularebdffltisn®Otare aalternately
&Mn-stage e g e .
isposed in the axial direction of the cylinder 12.  Also, it is preferable

for both the deflectors 20 and the tubular baffles 30 to be disposed

coaxially with the center axis of the cylinder 12. From the standpoint
of stabilizing the spouted bed, the inside diameter of the cylinder 12 is
preferably not more than 5 m, and more preferably not more than 3.5 m.
[0036] In the olefin polymerization reactor 10A, five reaction zones 25
are formed in a vertical row inside the cylinder 12. Each reaction zone

25 is a region enclosed by the outside surface of a tubular baffle 30, the
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pol ymeri zation step is achieved by the olefin

prepol yneri zation reactor 5 and the olefin .

pol ymeri zation reactor 10A. In this way, the olefin 5
prepol yneri zation reactor 5 effects the polynerization
and growt h of polyolefin particles, creating
relatively large polyolefin particles having a

1] cl f preferably_at |east 500 um nore
par 5% fgééSOfo@E‘gtub@Qr Lhﬁ)hlénﬁi 0 edigecthp belpwe rvdatiey inside

yen bling the formati on of a

rﬁé\ftacgts t5'91§|8 gsﬁé”méﬂ%ffi d@f 2% between ghesp dwicpiebular
B B B ekl B2 ) v
Sé?@%e%%zeﬁha%%éém aszcé% éqt>§ 'ﬁ&r%%a heninstaamydace of
R b N S R
AR EE ol Blhe e e
10P57LXTBUF ShecBeosabBon sarte nds, “Ba olebir W%Bge%ﬂ?eﬂ‘)ws
1D B8 3@%@%% 7 Boghs Bigb oxifits: T B bottom

%Hiéﬁf’a?ﬁih @Bﬁﬁf gﬂﬁiﬁ? 3é£ rﬁlh%ﬁeatf%é 9@‘%};&% 3pﬁgfed bed of
?’wfﬂg%ﬁwﬁ% in such a system are described. [0053]

pol yneri zati on reactor, polyolefm

{f2 IR e ERAGETFIGNS, P Cuth %5&&%?%350 LR 2P is
Ejr i e @g oGt %éﬁh%lfgl fhat Fi%rgr:s%ﬁlo tagm one or Ojr%aéd faces the
%‘a(@flh!bt(é?ﬂ 9°| IR ké%tab? rJch@rd éﬁby '1§ ‘i‘é ;gr@rent spouted

anmpl es o o]eflnst euse

pBYy%lbﬁﬁ'bdrﬁ‘élé&dﬁoﬁi @Méﬁ&% pr qﬂﬁé Eﬁ?(eflﬁg%s%ﬁﬁe td"shorten

perit ene, pentene

Mﬁéebsanﬂz&%otemgl gdaﬁrsg}wsnﬁne %Pﬁ)éiéhc § b%fad@é\%d

of these ol efins nay Alternatively

pOE3 9N TheadkflertoP 2 OCha 8 &%brifal PRAtHTE rtb? %é‘id).‘?,Oa that is

step.” In cases where polynerization is carr

elosetl] ant egwidy diaseterandith dherdased §rb dEBWelP? d{ﬁﬁﬂward

in each stage. Wien two or nore ol eflns are used
andnpbettont eadi 20l /thaviehp ibé@ﬁ?aﬂaﬁrbﬁﬁ&é 'iﬁ’éldWaltP%f the
y

enpl oyed i ncl ude propyl ene/ et hyl ene,
pybpgeretiz/ | Axa eesult, paetivlesthathiye Been bibwhaisward collide
with the inside surface of the deflector 20 and are taken up into the
annular structure of the spouted bed. At the same time, gases circulate
upward by passing between the bottom end 20b of the deflector 20 and
the inner wall of the cylinder 12.
[0040] Each tubular baffle 30 is a tapered cylinder which has an inside

diameter that progressively decreases in the downward direction, and

has a top end 30a that is contiguous with the inside wall of the cylinder
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10 et hyl ene/l - butene, ethylene/l-hexene and
ethylene/l-octene. In addition to olefins, it is also
possible to use at the sane time various copol yneric
i ngredi ents such as dienes. [0055] O efm polyners
(honopol yners, copol ynmers) such as propyl ene

honmopol ynmers, propyl ene/ et hyl ene copol yners,

ol 5oy SERE) & Pt REg, BBREYS GBS B cirmdpte aipward. from a
AALHIRF B8 Y gPIERR A3 bothamiend BB Ruhi ifilar Fog 80, but
RROQCEL bl s, Bl 8l Aipicne Risveen s o egesoa
ERORAS YRR L PLEBRCHTL! PR BT of the bottom end
O 155 O diSFRSeete e ' £ SRRR VAR, Qo 3BPud, 87 hat
PAR|cRh, Bafticlls RAHE Rk BBn AR 05k BRI dobvmward
fbleugte (B Padihlki ofife, af SR tifics AP IaHE. Of epdrary
SHBERSWA IS thE Qﬂ@fmﬁ%lﬁﬁﬁe?fza%ﬁergé%’tﬁ?gl r(])23; olefin to

t hese pol ynmer part s inan a ol efin

FO0Y IMPIAS Shdwh ihTaet q', féﬂfﬁgﬁér éﬂwﬁ'cﬁfg*c{frs] 35a are provided so

prepol ymeri zation Tredctor 5 or an o

8! toBassZibirb@gh re%@ﬁt@ftﬂepﬂmﬂgﬂ»ﬁf ﬁ%ﬁléﬁbhﬁl& 36" Wilin the
residence tine distribution in‘the olefin .
eolinder i 23] i aid r aadotfornt OdowiRlomer '3519&&?’ %&ﬁ&&ﬂ CHE the
a fixed conpositional ratio within the po r
battoneinest thbufarapafBec’0.i s Hepagpr! MoSfdRmidrée 359" allow
reduci ng 5nol di ng defects. [0056]

polyglefisopanticies ty rfatlsfroa laﬂeuﬁ)per reaction zone 25 to a lower
propyl ene- propyl ene/ et hyl enepol yners,

peantidrezonpr 2hy | e/ ptipdsenef phe hdtesa/ éoWrceRAfkROBIFES to

s, propyl ene/ et hyl ene- propyl ene/ et hyl enepol ynersand 10

peropykepelymlefin | paticdesframethe hotemmest yweatton Hes®s and
a _dash ("-") indicates the boundary between pol ymers,
disghargg thehpqrticlys outlidaof the bplindsyol2r Mwevalwesm¥71 and
are copol ynerized within the polymer. O these, the

N aee | anmargednint setiesyevith| thee bottedh pd@pntemer b3Sled The
copol ynpers whi ch are pol ynmers having propyl ene- based

ne fin] paghicles, cane beal dischargedh-innmactubsequent step by
pol ypropyl ene" (in Japan, also customarily called
SERACSBIVEHY PRaBIIgY iadk CEIM fhasesvalyea Vg Ihand V72,

tallipe propylene-based polynmer segnents and
ﬁf%f%hfggsfqm@/sébée povted dlegnin eachnrsactioni gone 25, it is

referred. A nultistage polynerized propyl ene-based
5%%8&3}%9‘[?1&1& &aggetq&ué@rab@ &\ (& patisty the following conditions.
Namely, the ratio da/dp between the diameter d, of the gas inlet orifice
at the bottom end 30b of the tubular baffle 30 and the inside diameter dp

D)

of the cylinder 12 is preferably 0.35 or less. Also, the angle of
inclination a.30 of the tubular baffle 30 in FIG. 2, i.e., the angle of the
inside surface of the tubular baffle 30 with the horizontal, is preferably
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20 continuous nultistage polynerization, in any order,
of crystalline honopol ypropyl ene segnents or random
copol ymer segnents obtai ned by copol yneri zing a snal
amount of an ol efm other than propylene, with

anor phous rubber segnments copol ynerized from et hyl ene,
propyl ene and, as an optional ingredient, an olefin

Gt hst D aBalY 0f TRntsmars PodikTa betlcheroint Wihin the
B o2 me SR el SToincTgeton B 01isi mops srefesably ahleast
3ok RERe2bE 500 e Punlssttla i FhovhiRiC Hhe potyolefin
EfieleSntal W souRlRC Giechatisd sbadliodibdn his way,
SRR En AR niSYIHERbE e ndBMIEIER bateIR if Bohighad.

T0PU30 SR 3 S50 eth Eho OF PGHHRA abm Ufing & 14} plate
R Baf e Dri e Rl R0y shetad IR8ERA i, TOofiEr 1ime 30, 2
RERIPHHERTPARTILS dOhAt AR Wil RRPGT SR o flatplas near
#he dfibiie dfadd BCHHe LONRRL 15, | AL Redill BhdB0S0r heat
$eil dh o rBuldrthe PARIEKATRAS fubd fodethéd BRhmasses. To
a9bid BacRa ¥l IR hihs WeftaBRE fOf e tififar baffles 30 to
Tave ot Bhelof ThoRBatER o SOTRARK as! flotdd. B6EFRUR B least 2

?ﬁ’v&paﬂ'%lieg, and even nore preferably from2 to 20 dug.
his intrinsic viscosity is at |least five tinmes the

[0044 N3 is preferabld forcthetdeflaRebsEY it PIOCD BtV A B8Sle of

I'n the polynerization step 20 that produces the | owest
ifd1aeationr a®0) D6Y the hfRy foraiBPb&Meenthe RitSRRurface of the
i nventi on can advant ageously produce an ol efin polyner
deflebior20 hed dhe biotizohtilpevideh)iseit l€a1Nhe emglo Bf3epest for
in the polynerization step which produces the highest
polyalefiar paetighs prdsgnerwethigpotienteydiewlennt 2. f ofn fthisn way,
0.1 to 80 wt_ %of the ol efin 25pol ymer. [0058] The
pbbfalefinopantielés ean dre adequigtely yredentedt fron ntrkingrto the
rmﬁ be a known addition polynerization catal yst used
deflecters 30pol yreri zation. Illustrative exanpl es
i nclude Ziegler-type solid catalysts formed by
EMAcPolyplefin oparticles hayet aw emgbeeoft reposeadii fir example,
titanium magnesi um a hal ogen and an el ectron donor

3656 toetboutaS0°.c athieyangles ofamptinatibpnA%} 0 virtdha20
an organoal um num conpound conponent and an el ectron
axsiopt @ﬁ@ﬂbh&f at lmdggé?.al | ocene-type solid catal ysts

repared by supporting a netall ocene conpound and a

ﬁlﬂf&] it and tabglaahafles dQrareerach attached to the

Conbi na{i %ns of these catal ysts may al so be used.
cylinder 12 by supports (not shown). The supports have substantially
no influence on gas flow and polyolefin flow. The cylinder 12,

deflectors 20 and tubular baffles 30 may be made of, for example,
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10[ 0059] What is commonly referred to as a
titani um magnesi um conposite catal yst may be used as
catal yst conponent A enployed in the preparation of a
Ziegler-type solid catalyst. This conposite catalyst
may be obtained by contacting a titanium conmpound, a
magnesi um conpound and an el ectron donor such as the

b R1s bRk HART L comaod phely ke
Tt PR PR S Sl il
BB A BB S TS LAY BiSaer
PR bR i AL ORI i af e en
SHED BSAREREY 14 CPRLURBLER) o de and butoxyt) Lantun

TORAEA SRORRH FAOTIL e Rhothe Sl dp i provided a te
YRS A BSHHILE U 355N By, monomes i i (o the
ARG U 13 RN B TG OPRO YA Uk Ssor 54
Tht FAdiionS QA rkgi\%g A ePRoyARd6 T ﬁgb{%ﬁgﬁ?s%g}?e fop, of the

conbi nati ons o nmore ther eof

e9lipdendp) t h@aw%%%l ﬁ%?gaitsgr)} p{r%é pﬁ{rﬁugﬂt e Szérl}innéiser 12 is

conponent A are ex gnesi &m conp

diicharfed o theReide %hﬂﬁt%?aé Egl\%e]_@g@,?aé‘% %Qs—entrgmeldt E/)e’lrticles

magnesi um hydr ogen bond Ing a

arel remonedi bymaacspieodsy Whbeidedosyclans wciﬁlﬁtﬁgﬁghi ga% has

Illustrative exanpl es of magnesi Um conpoun

passedathredgh itreatateink iih a fifs! e e%cﬁhﬁ%éﬂ@%,gﬁ%b ressor 64,

conmpounds such as di nmet hyl magnesi um di magnesi um

I et

di becordrelgents enchamger] @utatdtdyEARHGAR] Waparator 66, it is

al kyl magnesi um hal i des such as butyl magnesi um

itteduatel tealikg! o3& viy mmotles Lifie J83% adddecyuled. azfnsaddition

but yl et hoxymagnesi um and al | cyl magnesi um hydri de

tthe gss Heedinganoesleuto hy disctearsd heselegase shown) which is
conmpounds having a reducing ability may also be used
¢apalle bér disshargingmpodyolefmpqunticles at the end of reactor
operation may also be provided at the bottom of the cylinder 12. Also,
to reduce the amount of powder remaining inside the olefin
polymerization reactor 10A at the end of reactor operation, it is
preferable to provide an interior member in the shape of an inverted
cone (not shown) at a position which does not interfere with gas flow at
the bottom of the cylinder 12.

[0048] The cylinder 12 is also provided with a liquid feed nozzle 50

which feeds, from outside the cylinder 12 to a given reaction zone 25,

liquid olefin that has been separated by the gas-liquid separator 66.
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15w t h an organoal um num conpound. [0062] Illustrative
exanpl es of magnesi um conpounds whi ch | ack a reducing
ability include di hal ogenated magnesi um conpounds such
as magnesi um di chl ori de; afi coxymagnesi um hal i des such
as nmet hoxymagnesi um chl ori de, et hoxymagnesi um chl ori de
and 20 but oxymagnesi um chl ori de; di al koxymagnesi um

SRR DR L R IRES) BBl s s ied e
TG B AR AL RSB B oy st
15 TR et B0, ek i B nd
TECLSRH RS ¢ BB G GRS At e
U85 el O 35 eI BRI e s disosed
SRR She ok SRS AR A BRI A, ey Gl g
TELS OISO b GRART P SOLR' 1B, SEE P nstcad be
(FaRREg 0ot 08 g bl Ao el 20 The
BN e0Ch ! 0S5 BIR RIS o RER| B Bigh 08 Letoci

FOuToRSich 3w g (e SRl LS TBrTRfTT) -

re RR is a hy roup o o 20

ATNA 196 i5%hal 0@ i
EOPTIIS 2 PUSARee DI HifBahs: O2AE60 A PR in
pbtios Bf<the) cylindéts] 2 afdchey KA BUSRI BRHHES of the tubular
tetraal koxysi l'anes such as . .
baffleangohoXyirt afRciREdIRLt A9 KRR aPHGEY ! @g/ag_x?lgbharge
ne; al kyltrial koxysi |l an€ssuchasnet hyltri netf hoxysil ane,
#16zz1et61)is provedéd ky she poftiok b Yhé EyITH ' Rt '
i sobutylt rE|5 nmet hoxysi | a%e, 1?- but yl t?i ngteﬁgggg{zl ne,e outside
sutfhod tofl ¢hbozscurdnebubirhBatfle eB00fysth! 8 top. This gas
butyl triethoxysilane, isobutyltriethoxysilane and
disohandet nbezleoé@sisl eoenectod i Hhisyl.dDabyoxxgidfRaekne L41.
such as di net hyl di met hoxysi | ane,
Thet ambuntrethgas idischerged bitosl dheratdsodiseh nozzles 60 is
20di i sobut yl di met hoxysi | ane, di -t -butyl di methoxysi | ane,
controlled by respective valves or other means so as to be substantially

equal to the amount of gas that has been fed in from the liquid feed
nozzle 50 and vaporized. Therefore, even when liquefied olefin
monomer has been fed into the cylinder 12 via the liquid feed nozzle 50,
the superficial velocity of the gas inside the cylinder 12 is kept
substantially constant in the vertical direction.

[0050] In addition, a line L5 is connected to a position on the cylinder
12 which is higher than the topmost tubular baffle 30, and polyolefin

particles containing solid particles of a olefin polymerization catalyst
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butylnethyldinethoxysiIane,butylethyldinethoxysiIane,t
- but yl nmet hyl di met hoxysi | ane, di net hyl di et hoxysi | ane,
di et hyl di et hoxysi | ane, di butyl di et hoxysil ane,

di i sobut yl di et hoxysi | ane, _

di -t-butyl di et hoxysil ane, but yl net hyl di et hoxysi | ane,
25buty|ethy|diethoxy3|Iane and

B
I003 L Y bceringlycy df iﬂ@i?‘?@%ﬁ%% . SHpdiGeRhs andtwo-stage
%ng’ﬁ'g: Zr?@?’h%%xéblﬁt%ﬁ : g?ﬁ\}%%@é?é? g)%gﬁanﬁ?o Iréeasctor
PLABHORE' Slofff PhlyRERRHRER sBag quyféfab“tﬁx 55 Wb olefin
RO P T ARy L BERERER oA e of
HefoRETY ?-“Sna o Crafiig alicel f@éeypoqlxaie%%%m%havmg
%}ﬁg le é&@gﬁ*}ﬁ%ger?g }b%tlt_ll%é%g a(?(g ﬁglﬁ,ﬁmﬁg Eg%’g%¥é§}?ly at least 700
L
Soaoh g% A BB oo ST i e o
b0 Ghe! plymiciildith SBBL orfthofd16E S Fﬁg}é‘ Wagl Mdf¥does
ot sy o T e PP SRS, B e, o
et&ﬁjg?t adr)1 g@g%aggﬁiy leéaﬁél g 6x Stgﬂé?%f}lfrlhleﬁgiﬂSndb%ﬁﬂt is fed

trat

direotliestoof they gelifin a@bﬂyrhéhkﬁﬁén' ehoe Jilios aﬁa olefin
pol yfunctional carboxyli’c acid halides, such

pblyhetizstiemrisoxattied ant.d AMdrAfSvel§l idheCbi c‘more additional
carboxylic acid halides and aromati € carboxylic acid

olefin polymerization reactor, such as an olefin prepolymerization

reactor 5 or an olefin polymerization reactor 10A, may be provided
subsequent to the olefin polymerization reactor 10A so as to achieve a
polymerization step composed of three or more stages.
[0052] Olefin, Polyolefin and Catalyst

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

(homopolymerization or copolymerization). Examples of olefins that
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20 halides. Illustrative exanples include acetyl

chl oride, propionyl chloride, butyryl chloride,

val eroyl chloride, acryloyl chloride, methacryl oyl
chl oride, benzoyl chloride, toluoyl chloride, anisoyl
chl oride, succinyl chloride, malonyl chloride, naleyl
chl ori de, |taconyl chl ori de and pht hal oyl chlori de.

Pr ef d | ud romati ¢ 25car boxylic acid

AR fegg§e %aiﬁs'eﬂée&xﬁeﬁad@r@thgfme@ PieRYIceR drbutene, 1-
d d chl ori de

an %rl gnéﬁgﬁ&—%ééteiq e{} ﬂtﬁ?@@%f “hexerms | fhsptene
r

g_rl n‘%P catal yst conponent A include the follow ng.
$g a 1iquid magnesi um conpound or a conpl ex

3@@5%# Eﬂnﬁ @aor.normfﬁthg”a%pi AR E5AY R Sangon: ATepaatively, the
SRR ST GO Yol ) s
TR TRB R s, bl G Rf AoRRBHERS ripefssl® difforent
SIEAR D Bt Ghcistael WHERLHR GRETHRIRBES fF used,
SRERINEE of sbllaBlg OB LeS bR RER BV bk gibyed include
?)?éé?%%ﬁ%éc ﬁléﬁ%f&u%@ég?aﬁﬁﬂl%ﬁé@#/{f Wtene,
v%ﬁ%%lggﬁlle lel%:etnre bg%(}ih oﬁggng&gq%tl gﬁr‘% corrpoud@(ggrle ( 5)

'ﬁdﬂﬁ?(ﬁkg%'éleﬁ’ﬁbcﬁ & 5Rb u;god;%'iﬁl@uﬁ)t uSPL e & Me rtﬁﬂé%e{fﬁ)us

xytitani um conp an or ganonmagnesi

@néliﬁgre%ﬁelﬁs%bﬁf% cﬁeﬁ@s’;\gent |n t he presence of

an organ05|l con conpoun aving a Si-0 bond is

10635 pOlefinh ?Blﬁﬁbﬁf CREBRSFynREs, et RepoRRIASRFOUSEh  as

and t1tanium tetrachl ori de.
propylene homopolymers, propylene/ethylene copolymers, propylene/1-

butene copolymers and propylene/ethylene/1-butene copolymers may
be advantageously produced in the present invention. The production
of olefin polymers obtained by multistage polymerization in which the
proportions of the monomer units serving as the polymer ingredients

differ in the respective stages is especially preferred. For example, it is

- possible to form a multistage-polymerized olefin copolymer by feeding

one type of olefin to an olefin prepolymerization reactor 5 and an olefin
polymerization reactor 10A so as to form homopolymer particles, or
copolymerizing the first olefin with a small amount of another olefin to
form random copolymer particles, then feeding, in a subsequent stage,
two or more types of olefin to these polymer particles in an additional

olefin polymerization reactor such as an olefin prepolymerization
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(6) A method in which a solid product obtained by
reducing a titani um conpound with an organonagnesi um
compound in the presence of an organosilicon conpound
or an organosilicon conmpound and an ester conpound is
treated by adding, in order, a mxture of an ether
25conpound and titaniumtetrachl oride, followed by an

TEREDia T8 o ARG e JORS ioid o
SRR 88 AR08 e S SoBAedioh o
TR2Hin s T Ak 450 B i e
B0 S ARG R Bl for reducin

Pmﬂ Lther followng treatment with a
Eg ogeggiief&%' (8) A

ing agent or w thout such treatnent.
R AL FoetbleE o anehr gani O o or Jypumts’ "®  include
Y S RIRRE oL rer 1oi T owi ng ¢ r oat nePRImErs,
HbPRoS PRI AR ER PRI hRRUIRHE) of ot rodymers,
Dy R RN BRI ReATEBER o (e SPEME hoas  and
PP e e R Py me it dth ()

aedieasds! bheabbuﬁééxgl Betweén | pﬁ&g@gfﬁﬁ hhd 9@%1%‘}1”25/9? Shilicates

such as nitrogen ar gon. _ I'n the prepara
tiatcaval ofsincrensleieRt ard chpslyihéARed WRBIPME bolymer. Of

organosi |l i con conpound and ester conpound are

thester did y préductisd oft Qhuﬁis%ég%—ﬁbﬂﬁﬁeﬁkegi 'éﬁ%h?féﬂenbésed

suitabl e solvent. Illustrative exanples o

sopolymhersi whicHe add | polinhershhaviemr hipylens-Badsd monomer

hexane, heptane, octane and decane; aromatic

Yo ocarbons SU. 23 Cher ey ey ohaeay s
anstoderiyi rcalledd ‘golepropytenenbiockictopslydicets?y| and have
crystalline propylene-based polymer segments and amorphous
propylene-based polymer segments, is preferred. A multistage
polymerized propylene-based copolymer can be prepared by the
continuous multistage polymerization, in any order, of crystalline
homopolypropylene segments or random copolymer segments obtained
by copolymerizing a small amount of an olefin other than propylene,
with amorphous rubber segments copolymerized from ethylene,
propylene and, as an optional ingredient, an olefin other than ethylene

and propylene, in the presence of the respective polymers. Such a

copolymer has an intrinsic viscosity, as measured in 1,2,3,4-
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25et her, dibutyl ether, diisoanyl ether and
tetrahydrofuran. [0071] In the preparation of catalyst
conmponent A, the tenperature of the reducing reaction
whi ch uses an or ganomagnesi um conpound i s general ly
from-50 to +70C. Fromthe standpoint of catalyst
activity and cost, the tenperature is preferably from
-30 to,+50C, .and nor referably from - to +35C. The
&?fsaﬁvér@r@@bﬁhﬁsﬂe Bt 13576y Wlwekslsa?r@ ahbgHe gitange of from

RN TILE S T RERE b -
Rogobvor NS Sesllent PrebiksioRosm K. and tewashretiance,
BRORHLINGRITe BERRFGdn SURRATLYR CAMHoNSTCEdteh g bumpers
BERCHAST S8 i EECHAr sk ing dBtaihogt sueh p retortable
o0 BoFiBBnE e or 0uS material . Such porous

T0PTL MGreRiehy b6 g KR e BRnGRi reflio? A Bbvalefin
BYSARHEO bl Cof S i by Rodtn Tk andfisslar weight
BB e 12 ol pRoE TRRS AIBER TPt cfRpgpents
BRAUSE T RDPATYE hASTRAAION SRSy, By given diffprent
BRACHIIAE NS, °Hae, PRy R NIOATLY oS adiRbRigsous for
PROIRARY, ORI pORImpes TRoJBEL Y Podd DInORCAERS weieht
T oo e AfPRAC e, THLIRSE) B0 olTRhed by
AlSa8irandne4DeRatiod SO0 RERTANE ADBIH T dN obtained i
B e BPheu i Teqiar Height
Doneral ol ae RO B BT A o U (01100 dU,
more preferably from 1 to 50 dl/g, and even more preferably from 2 to

-

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

[0058] The olefin polymerization catalyst used in the invention may be
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5In the above fornmulas, R4 to BY are each hydrocarbon
groups having from1l to 8 carbons, and Y is a hal ogen
atom hydrogen or an al koxy group. R4 to R8 may each
be the sane or different. Also, the letter mis a
nunber such that 2 m 3. [0074] Illustrative
exarrpl es of the organoal um num corrpound 10conponent
triet | um . num and

i ﬁ?ﬁ?ﬁ@&”ﬂr@rﬂ?ﬂf@?&g Yo e Hpgﬁ?ﬁe@cﬂmwg@uon
ﬁﬁ%ﬁ%ﬁﬁgl ggﬁrﬁﬁ% i IlHaﬁazgqtgci ﬁé’qj”f:%lﬁs cata ysts formed by
St 4R hagt g Shuppte soRainiYe 'f%frﬁtﬁﬁamagnesmm
t’a??*@?é?%’i T R AR (et £ B, o catalyst

W‘%’?‘% 7o LTk Bt eBod Rt ot FaRheint and an
rla k?/lPaPum ngﬁ)é&{m a%ﬁahﬁyﬁ&#’?ﬁﬁﬁﬁfp%aﬁo ol tafysts
?’?‘?ﬁ‘%"yir’é’ asHRBSRR | 2 Blskaifocds o ang @ gocatalyst
AT AT A bR oP s galysts may

BX'he¢ Gse®f the el ectron donor conponent used in the
pr epar at| on of a Ziegler solid catalyst include the

Oﬁmﬂﬂrﬂnﬁﬁﬂ nQr

(t)%%en co%tfal ning e ec??gnfé ono:gpsg%hg Sttg{umﬁ/r{x%gnesmm
I S

Bomfposhe, W‘%‘FSZ%?% ‘%‘f“?ﬁ“é?s Sl EOhipAHeoA dfifloyed in

the deepardiciti 6f aphyidleesypaanddliy td t.CO s”'cBﬁerCPsne

el ectron donors such as a nia, amnes, nitriles a
catabystnai®s . b&X obhfified eb9CtbAtaciiRpora CERANAN (cdmpound, a
mo%%m c@gm d esters ang ethers are preferred. P
BldphesiurRroshesonsd andrapedlectrafi dbrd¥isteh dsthk Y8Howing.
silicon conmpounds of the

[0060] Titanium compounds that may be used to prepare catalyst

component A are exemplified by titanium compounds having the

general formula Ti(OR"),X,., (where R! is a hydrocarbon group of 1 to
p

-20 carbons, X is a halogen atom, and the letter a is a number such that 0

< a < 4). [Illustrative examples include tetrahalogenated titanium
compounds such as titanium tetrachloride; trihalogenated
alkoxytitanium compounds such as ethoxytitanium trichloride and
butoxytitanium trichloride; dihalogenated dialkoxytitanium compounds
such as diethoxytitanium dichloride and dibutoxytitanium dichloride;
monohalogenated trialkoxytitanium compounds such as
triethoxytitanium chloride and tributoxytitanium chloride; and

tetraalkoxytitanium Compounds such as tetracthoxytitanium and
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general formula ROnSi (OR19)4 " (where RO is a

hydr ocarbon group of 1 to 20 carbons or a hydrogen
atom R19 is a hydrocarbon group of 1 to 20 carbons,
and the letter nis such that 0 n < 4). Illustrative
exanpl es include tetrabutoxysil ane,

butyl tri met hoxysil ane, tert-butyl-n-

e R S
et hers. include dial kyl ethers, and di ether conpounds

S GOBDYIHIGNS o SYoaf mageitherdoly - 12 C - GR - O R
T4 b o el B
RGeSty maies B eommpRunds Whicl Have o
AP TR o S A S ol v
Trduging BbARSH it Bronsline FodPosRes: iphitailAFkon reducing
BTS2 HGyhFe 508l Mdeerlant cAphicnds whieh bape 2
Recdcih®, PSR o PR, A el en iy CofibBiRds  such as
P Bl ReRIALD bV naeiedhl ofitintedettim  and
L G
PR Tl B ag R, S o BRE on Tithp s
PlcR SRR, R BT TShides, JPuch as
blbimagiieliith. h?lﬁ?ﬂde. angh@%]t%thgltgélg.%gf&gﬁbﬁﬁhs YhHE a

such as i soprop sec- but

teduciagdbilisy fl32h10 b LOSP $n THE FoRs 4P ﬁc%’t(ghﬁ@n&%ﬁlnpound

and cycl ohexyl ; “cycl oal kenyl groups suc

ot m%g%&mdlunﬁﬁdnﬂédﬂnp@hﬁdps such as phenyl and
tolyl. so, in the above fornula, R' is a hydrocarbon

062 niustra?t@ezexaﬁrfp@@m)f ARAGNESiuRh SERRPBLNAS which lack a

hydr ocarbon group of 1 to 5 Carbons. I[lTustrative

edunihg abilityoigdodsidihslogeaarmdonngnetvdh JMpEHEnd$S8ich as
as such el ectron donor

tagnepoment sdichlorids;er talkokyagnesia! di Raidexyskh@e. as
methoxymagnesium  chloride, ethoxymagnesium chloride and
butoxymagnesium chloride; dialkoxymagnesium compounds such as
diethoxymagnesium and dibutoxymagnesium; and magnesium
carboxylates such as magnesium laurate and magnesium stearate.
These magnesium compounds which lack a reducing ability may be
compounds which are synthesized, either in advance or at the time of

catalyst component A preparation, by a known method from a

magnesium compound having a reducing ability.

26



10

15

20

25

di cycl opent yl di met hoxysi | ane and

cycl ohexyl et hyl di net hoxysi |l ane. [0079] In the
preparation of a Ziegler solid catalyst, the

or ganoal um num conpound conponent is used in an
anmount, per nole of titaniumatons in catalyst
conponent A, of generally from1l to 1,000 20 nol es,

at% from5 to 800 noles. The el ect{on donor
B f@rﬁé%ors ghihohi sl dp prepeeopallskspamponent
af,ons cat al one f general ly fr 0.

% 55{2; cgp l:)ec‘ftrp qu;sts(ycg nlss phenols,

: f | .
R g R %S?t%rﬁ""mfﬁﬁme P ?ﬁgigamc

SRORGR 80 2 Eﬁgfhffeéﬁfataﬁf Akl gpi\yaaﬁg”ﬁﬁé et qRataining
rirGh e sHER srhinihin KRERSS, iR ek Reryanates; and
AiRanR pot L RRuGET aﬁﬁﬂ’cﬁvs“ tHleCrOB A the sy of inpraanic
I8 SNters Geatlc, éﬁa%%"qefgﬁa@@g% eIt of the s
C[@@ gPrllégerPéHmﬁﬂ% mg ¢ %g%gglﬁlp{i‘%n sili T uasrﬂmpounds
%e t% ms% H’ ocene S‘ﬁ-‘a@'ﬁ‘%ﬁ%@{t P% ﬁgﬁxj(grgtcgrbon
L AR ‘?‘?B?o?ﬁfﬂ&e‘?v?f gﬁﬁﬁﬁ?&‘?@ﬁ%@l’aﬁwp
BLLF tté%gjgtgﬁ%or{i@het Hl A kier S i 2nBok el BRERLY v

t t f
e AL ?%‘2%‘?23. %}F%‘PW% %ﬁglg[ sﬁsﬁ]
Thteametslysilane et atetMdthoRy&iAleab! Yafld ocB’EFlBﬁfotysﬂane |

groups 3 to 6 of the Periodic Table 0 enen

allgRaGlkdR9Silaneynd norg oy eferaglgl y tit
or haf ni um§ ?%083] Li gands L f]gagw ng ﬁmﬁbﬂﬁﬁ&sn%e

ejtolltpeetiask 3@@1&&168%@1 T eth6x 3 Rie, '1§bﬁﬁlty*1’0hmethoxafsﬂane

(substi tuted) cyc opent adi enyl” groups, (substituted)

t-babylytinathonpsi Rhean dndethipletiethoxgdilah UorethyhrigfRiSilane,

IllTustrative exanples include cycl opent adi enyl ,
but)ﬂmeﬂnokymana@dlsebu’tyltxtl@thbxbsitlauh@)a@lldotﬂblmt?l@h@mdxysﬂane
di nmet Eﬁl cycl opent adi enyl ,
andt - al)ldyldmjkLyX)@,damBenche nyas dimethyldimethoxysilane,
met hyl i sopropyl cycl opent adi enyl ,
diathgldigethexslamet adi eny! | dibutyldimethoxysilane,
tet ramst hyI cl opent adi enyl

eiﬁo}(ys@éaneam enyl , i ndenyldi-t-butyldimethoxysilane,

;

254 7 tetrahydr0|ndenyl 2- et hyl i ndenyl ,
lguty@mw yldtmethqxysilane, butylethyldlmethoxysﬂane, t-
butylmethyldimethoxysilane, dimethyldiethoxysilane,

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

[0065] Preferred organic acid esters include monofunctional and
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met hyl i ndenyl, 5-nmethylindenyl, 6-nethylindenyl,
7-nmet hyl i ndenyl, 2- tert-butylindenyl,
3-tert-butylindenyl, 4-tert-butylindenyl,
5-tertbutylindenyl, 6-tert-butylindenyl,
7-tert-butylindenyl, 2,3- dinethyindeyl,

4, 7-di net hyl i ndenyl, 2,4, 7-trinmethylindenyl,

2- hyl 4-i sopr.opyl i ndenyl, 4,5-benzi ndenyl,, . ]
p_oig’q%qtm@,atgpgmyfylgé ﬁyuil egters; susheas rliphatigcarboxylic acid
2- et hyl.- 5- phenyl i ndgnyl ,. 2- net hyl - 4- phenyl i ndenyl , . .
f_Sﬁ:E&h ngxc %pq%byp(yﬁgga@ﬂ, eﬂem}agd/ |a?oma¥1c carbo%(yhc acid

Soi55t ¢ QUBHOYS: SRAmBICY Raclusls, mcthyl cresidioarithl acetate,
%ng?%I “hal cPepiotEs }tpl% %‘gﬁé’?ﬁt&y glhyl valerate,
A . i g S e
BB behiSilg e et Elo oAby St e Hafe g i, paiuat disthy!
B BE B0 " SubtBuo MR amhieton Gbpbula malonate,

O S L B, ey fsconss
BlGEERY  Phtide, Sk R0 Hi1dsR G BiSBRRIG phinalate.
B AT A B
QicH B¢ rﬂétﬂ??xﬁili’c' %}?tes?él‘@ é %ﬁg%&%@gé%?@n@d MR acid

oxygen, su rogen’ and

?%téféSt rpﬁﬂh\é cOI‘I ne,.é‘%?%faljeqﬁ(){r%bl 0] HeﬁE e e

uorine, cC mne a I'ne” atons. The

O S B PRERTES TCEers 5], SIakY s Hhoh as

or“nore

dictiayldetHer bS] deth@s,! Hkisbbise ether, SaRin Pt Reter? diisoamyl

25mey be I'inked“t hrough a resrdue cdntai nf ng at

ether, impthyd iy Petss! asdRel f§d&ﬁ’1p)ﬁ@ﬁ€r aﬁakaﬁglngédbhﬁﬂnether.

ni trogen,” oxygen, sulfur”and osphorus at

Pldfured aixaneples amglude dibut@théemd Hﬁ§oéxﬁ27'l efifer.

al kyl ene groups such as neét hyl ene, ethyl ene and

[0067Y] | Bhstrasivesétdripre off badie agidHaEdes ¢hcldde mono- and
di met hyl et hyl ene (1 sopropyli dene) and

pblytiemstioret] foarboeylis iacid haHdes, swed; assaldshatic/teboxylic acid
silyl ene groups such as 5 dinethylsilylene,

ltileddsy ladiclyylierearbdiplieradidiHalideseand aromatic carboxylic acid
tetramet hyl di silyl ene and di met hoxysilyl ene; and
]hﬂnkmoatdHBsBaﬁheaexahqﬂegehuﬂnd&gaampiubhknﬂ&ﬂdpnnﬂonyl
phosphorus. O these, nethylene, ethylene,

dilestey| batyryl erchloridepr vajrogtnehloddpheastyieyhy chlwgide,
di met hyl silyl ene, diethylsilylene, diphenylsilylene
mathacoylioybt bblorsde,y lbemeoyt ecklopits, atolnogl ethloréde, anisoyl

chloride, succinyl chloride, malonyl chloride, maleyl chloride, itaconyl

chloride and phthaloyl chloride. Preferred examples include aromatic
carboxylic acid chlorides such as benzoyl chloride, toluoyl chloride and

phthaloyl chloride. Phthaloyl chloride is especially preferred.
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[0087] Illustrative exanples of metallocene conpounds
i ncl ude bi s(cycl opent adi enyQzi r coni undi chl ori de,

bi s( et hyl cycl opent adi enyQzi r coni undi chl ori de,

bi s(i ndenyDzi r coni undi chl ori de, bi s(4,5, 6, 7-

15t et r ahydr oi ndenyDzi r coni um di chl ori de,

et hyl enebi s(i ndenyQzi r coni um

RSB ST S el oventadon
I e
SHelnen PO BB ot « o rmmund o
oF SR B EpmaEic A 2B g6 Hen: Onh, Wil apBrasBating
kel T BRI b SRS (rrrPBERd b il du Mianium
CHPRIEE SRS Ao OGS, 201 20001 11 ustrative

(25 TR ORI W 8LIR RS o 3 il e oaed of a

¥B1iQY bt RN 286 mpound and an electron donor, with a titanium

compound or with a titanium compound and an electron donor.

(3) Reacting a liquid magnesium compound with a liquid titanium
compound in the presence of an electron donor, and inducing the
precipitation of a solid titanium complex.

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

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

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

halide compound, and the treated solid is subsequently treated with a
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et hyl al um noxane, butyl al um noxane and

hexyl al um noxane. [0090] -Illustrative exanpl es of

or ganoal um num conpounds i ncl ude _ _

trimethylalum numtriethylal um numtri-n-butylalum num

5triisobutylal um num and tri-n-hexyl al ut ni num
[0091] Illustrative exanpl es of boron conpounds
lrﬁf%t‘éﬂé Rf any ﬁﬁb%%@@wpd@}m@taﬁmumhf@ﬂwbmm&m smixture of
t
i o L -
{2 hvineRiodhimmhich dpkcppdnch s dbe. cqasopatassis of a metal
n

pdtee din %éh%af&%tgeg%mﬁe" oeerenipang aleakol is

AR AR SRR SN S e

e G il Tt A
0 [ and saponite; and organic polyners such as

W@ | ene, pol ypropyl ene and styrened| Vi nyI benzene

FRER MESbod 58 Seehrt niheseSisE SofBReRas stk as The magnesium

SR R Sl Brodb é??%&%%%ﬁ' %a&g‘l%ﬁg% Rgth an

gleggrcgg 8%%10{] ap an%gzlza@m ﬁ%"‘ﬁﬁg ,gtpitggr L@ lﬁm‘ggntrﬁﬁtment

it RSO B SR EGRRER- L2 5020 12

?g?%agggﬁl 2 glgl?gn es e&gﬁﬁ{é q ﬁﬁghp* | caljpgghd_% @30@ p@a N%(We

it 1T Pl ER RSB INRT 28l irocarbon.

[BISoF . ichonmanies R S R A

Weehods "(‘P? abl @ears g)‘él‘én%@ ' dTﬁ?éeaHéthoﬁ disﬁijesﬂ tation are

ol efin polynerizati a cocat t conponen
generatigruldlclfiédBut in an inert gas atmosphere, such as nitrogen or

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

[0071] In the preparation of catalyst component A, the temperature of
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5 conpound or a boron conpound may be used toget her
i f necessary. In such cases, the netall ocene-type
solid catal yst and the cocatal yst conponent may be
brought into nutual contact prior to being fed into
the pol ynerization reactor, or may be separately fed
into the polynerization reactor and contacted within

the reactor. Alternajjyely, 10 the respective .
c‘g‘ﬁpﬁﬁﬁﬂ%g FEgChen b‘WE}lféhPS@Snta@ Riganomaghesaum icompound is
plurality. of divjde rtions.  [0095] The nmass nean
el Tt tio g70PGe. do taé shndnesms pb crinlystaactivity
catalyst is .generally .from.,b 50 p In a_gas phase
FRI 55 23 @it is prgermbhe draim -30 (8 b La.shndanore
scattering. of artrcles.to the reactor,. exterior

iR egahbls i%FQaIBI 'ez‘lfcyguééggéc at'[g'!ey ORWI$h @ddlitier dimgafor the
particle dianeter of prefer y at |least 10 pm and .

gt PRI, Sempoiad, 1% nffe SHBISFhe 9 zaRY oRarticular

e

IRy i rAferBE® Fili cRBGHY O ittt Yon Shaut ok dhours.
Ao e, cDBHTbIGH: St e reduBBi SRactiit. Sihsegusnt reattions
Hiay Blieabtied ofPat § (biariite 3P Adim 2th Py °F " ne'
P0IZEn URP repdBitidh of AR L RRRRRRE ohs it iFRticing
L PEUAEY ) WORRATAS b ke BB paterial such as
BACRRIUIRIC EAIASL. B B VRS0 Re g BB i S0
PR eaAl O b1 RBHoE B 0 BorbtGpflcrals
s ordistyfigfverd PBHS yBRhEG %gﬁct&g 244 GRHAA APISHBnm of

I ncl ude; but a mte slurry polymeri za

andeai).8MasA AndOhN e3¢ iiticld sfz@e§fmﬁﬁugtf 300 pm.

pol yneri zation is preferred. The use o er in

Bragisies of poros9TRbIgRc OKMY kMY sa@xggﬂgg@gggg, TiO,,

Production may be carried out using a ba

Ze0h baid reonypesisy Sxgded thereodnt i%)%&ﬁlg%)’éf §Brob888lymers

The mass nean particle dianeter

imodpde polystyatnebasdd purvak ysélynserdesedtal dsy gﬁ)lﬁf}rﬁadeo and
1,000 pm In a gas phase polynerization reactor 1n
sarenedivdnylbemzehei m epalgaterer t polyireldiertaged of aIS us
reactor, the mass nean particle diameter is preferably
polyeerst sudh ps palydthydr scrptatéenadthyl aicry s ditnyd Benzene
Moreover, it is desirable for the anobunt of

eopglymersy | patymethydt angttachplatelg andpanisthye dhetmts/late-
of 15l ess than 20 pm and especially less than 10 pm
diyimglbengene copolymers; and polyolefin-based porous polymers such

as  polyethylene, ethylene-methyl acrylate copolymers and
polypropylene. Of these porous substances, SiO,, Al,O; and styrene-
divinylbenzene copolymers are preferred.

[0073] The organoaluminum compound component used in the

preparation of a Ziegler solid catalyst has at least one aluminum-carbon
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[0099] The polynerization catal yst may be introduced
into the reactor as a suspension in a hydrocarbon
solvent or the like. Introduction by entrai nment with
nonomer gas or an inert gas such as nitrogen is al so
possi bl e. 20[0100] Pol yol efin Production Process

Next, the process of producing a polyolefin using such
a systemjs described. First, polyolefin particles
chordion the amelaculy and: snqys rizpicallyy haye pong ot theafollowing
activi£¥ are formed in the olefin prepolynerization
rgenaral fgmyylag. known net hod using an ol efin

25pol y gkéftion catal yst. [0101] Separately fromthe
above, BmA¥ftian mononer gas is fed via line L30 into

the ol efing pol ynerizagion reactor 10A fromthe nozzle
40, thi&MEAﬂBRai sed to the polynerization

HaaRisiabove Tgompbess 13500 di° gre s9chaly dicarbam groepsbpvi
pLessure ?g n a rla i .at ﬁi’i ch théyol gf' n%gggﬁzg?zmg
DrSRel 1 Brcashin 0 € ioa lEtlogen slom, hyskogsass an alkoxy
TSRS, 4 I BT onh 2R B Bl of etosilss oo m
3 asuuhbef s PR EM A By ray decrease. on the of her
100921 ARk 08. AGRES: 48 B rbnomamhinght: PTBpound
fc&;;:@%rﬁéxﬁsi{gcmsﬁé TRk °fa%;§;§§a}%w‘ ffum and
Tl A Iﬁ?ﬁl%? al ; ( u‘ﬁbi%@ﬁerai&re. el ow t as
e |%n“gﬂp0| nt or’the (@%S?Q ! r, 1581 er b at
o AningHe] hélﬂ?déﬂa%fe‘?atr%ﬁe' P%ii%?*k?bﬂg‘&ﬁgﬂfﬁw?)h?@ﬂde;
Yy MBfind PhAliGLE, stieh 3 ek QR GiGdg and
o : _. . . . . ]
HELBUCHBLRFITESIBHARS, iAo B A IR k™ with o
ORI AT B Mool TP AR BT B pdfcwi

BANOTMluAARBRD MRAKIGE, OF apdr boaugila’fﬁnﬁ?&x;ﬁ{eéeﬁ thigfich he ag

pol yireri zati on reaction system may °| ower t

I@étka/éfﬁ?'kﬁéhirﬁ@xﬂfé | VAR - E&%%I@élmn?ﬁéﬂé?' efMOf these

particles having a particle diaheter o rom about O.

orgdroabetium SofPovaidshtiavse Wtﬁ?ﬂ(g’ﬁﬂﬁﬁliﬁﬁﬁ?r@gﬁﬂxﬁme

by a known nethod are fed to the cylinder 12 t hr'ou
bfed | ti@lk{leliminum 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.

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

alcohols, phenols, ketones, aldehydes, carboxylic acids, the esters of
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particles fed into the cylinder 12 are npbst often
particles which do not contain a catal yst component
havi ng a pol yneri zation activity, although the
presence within the particles of a catal yst conponent
havi ng a pol yneri zation activity is acceptable. [0103]
When polyolefin particles are fed into the cylinder 12
VIMIZABIGOT Hrerganicaacids etthersmeidamigas ahdmanid lmmhydrides; and
40, as shown in FIG 2, a spouted bed of polyolefin
painogenseontaining rlectipr onars esuchaas atimeniss @BincEhatitriles
i's, under the action of the gas fromthe gas inlet )
cd iﬁ?@}’aﬂh@spa@f thesecelgetranr deneicompenentsrinptganic acid
center is of the gylinder 12 in the reaction zone 25
terg el’ssalﬁd?rﬁ&'fﬁ?fﬂ} whi ch particles flow upward

ikt
her with the, gas., Meanwhil e, an annul ar
iBPIZg? retesred inqreanicagis ¢sters ngludeesibigancorspounds of the
novi n ed uynder I o0f | pence of . gravity is fornmed at
tgﬁ%éleﬁ@rﬁ%ﬁwéﬂ?%e h%&(gﬁi‘f’ﬂgi (¥hgre R o is & Bydracashpp.gratpiat 1 to
venent of rtjcles wthimgt.he yeacti on zone 25.
%’1651]%06%63 5?%%98%‘&1 3R, s lééeﬁyamqﬁs oRigrArR qfatro 20
reaction e 25, .the | yol efin rtigles .
CRRRHANG heclelst Juis SthOirk Zhavt g, alllusirative examples
rization actiyity that rre formed.in the
IPRIER, e BrARBRY e or Db Biadiforiattne L tert-uiyl-n-
| (.12; at a cons{.ant, rat er unit tine,
&’E@i@@gﬁ%ﬁ&]@ﬁ& st eadyHEYGEoRe B'ABHP?%WX&SII?HE and
' .| ' seactor 10A. As the polyoleftn
g’ggﬁ%nggé%gﬁ%eﬁbhgygia}%cat al yst conponent having a
$007 TR e oAb thotdd) SN Btef i R YrfB0nas
into the reaction zone 25 bel ow,
gﬁﬂg gﬁé@éﬁﬁ%ﬁ% di scharged fromthe bottom
downconer 35b. 11 [0105] Meanwhil e, part of the
ol efin rmnomer-%ont aining gas forns a 25spout and
sweeps past thejparticle bed, while the remai nder of
the gas diffuses into the portion of the particle bed
haRA§ Gert GRIYH- @ —CHUCH@R.14 In this way, the
ol efi n-cont ai ni ng galglkgnd the pol yolefin particles
undergo solid-ghs contact and the action of the
catalyst within e polyolefin particles causes the
ol ef m pol yneri ZBtion reaction tp proceed, resulting in
grow h of the polyolefin particles. 5[0106] For a

ih’ti a}alsa catspautfembky RY {0 R Areeaabh rigdepbRde® % dear or
branched alkyl, alicyclic hydrocarbon, aryl or aralkyl group of 1 to 20
carbons, although R" or R" may be a hydrogen atom. Illustrative
examples include dibutyl ether, diamyl ether, 2,2-diisobutyl-1,3-
dimethoxypropane and 2,2-dicyclopentyl-1,3-dimethoxypropane.

[0078] Of these electron donor components, an organosilicon

compound of the general formula R“R™Si(OR'"), is especially

preferred. Here, R is a hydrocarbon group of 3 to 20 carbons in
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preferable that the follow ng operating condition be
satisfied; i.e., that the gas superficial velocity W0

be equal to or greater than the m ni num gas

superficial velocity Uns at which a spouted bed is
capabl e of formng. In addition to the physica

properties of the powder and 10 gases bei ng handl ed,

the m ni mum gas superficial velocity Uns is also

i whiakerthed cba)mhatGMpme&ghng)oﬂwmilﬁm iare seworidary or
Various fornulas have been proposed for calculating
tteetianyni nillnstrasiveu pramiplésalinokidec brandleds chaire atkphgroups
is fornula (1) bel ow 15In this formula, dp is the
parchi a3 isopirapl sec-tpryl, dertdentyh anddest-arayki ¢ycloai&yl groups
the_gas density under the pressure and tenperature

caiehi @sosyclapenty rassl taysiohexyd; ¢yulealkenyhegmeipsi such as
of air under roomtenperature conditions, and Ls is .
toyelopenganykf and cagi ogratpshsuch| as qrheryleandotedgll bl this
hei ght Ls.thin the reaction zone 25 is equal 20 to
dprmala, RAS s 12 aydaeearbens goanr ©fo & don d0gearbossytllustrative

whi ch a spouted bed i.s capable of formng, and is not
Sxgples i wﬁ%ﬁp mq(iuémsatia@awhm Pkypsoupe guﬁh aiSshmethyl,
e to oy .l ess than the maximm spouted be ei ght
E‘gﬁﬁ«m hvé‘yﬁ%ncﬂpemy?; branche talﬁﬁl SIIDFESUCR AR ls?pmpyl,
spoyt ed, bed i ght Ls have pbeen proposed, one o
SREUYL fisrthpey (zeng’é\g%qtzﬂmy 2L cxsaalkyd 2rgups such as

%y% ()Sée[r)ﬁyl gﬁ(l‘l %9@?0}1%%5;“3%1831)1@%1 groups such as cyclopentenyl;

and aryl groups such as phenyl and tolyl. Also, in the above formula,
R" is a hydrocarbon group of 1 to 20 carbons, and is preferably a
hydrocarbon group of 1 to 5 carbons. Illustrative examples of
organosilicon compounds that may be used as such electron donor
components include tert-butyl-n-propyldimethoxysilane,
dicyclopentyldimethoxysilane and cyclohexylethyldimethoxysilane.
[0079] In the preparation of a Ziegler solid catalyst, the
organoaluminum compound component is used in an amount, per mole
of titanium atoms in catalyst component A, of generally from 1 to 1,000
moles, and preferably from 5 to 800 moles. The electron donor
component is used in an amount, per mole of titanium atoms in catalyst
component A, of generally from 0.1 to 2,000 moles, preferably from 0.3
to 1,000 moles, and more preferably from 0.5 to 800 moles.

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

mutual contact before being fed to the multistage polymerization
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In this fornmula, ut is the termnal velocity of the
particles, and unf is the m ninmum fluidization
vel ocity. [0108] Fromthe standpoint of vol une
efficiency and enabling the 5formati on of a nore
stabl e spouted bed, it is preferable for the spouted
bed height Ls to be higher than the tubul ar baffle 30.
[0109] As shown in FIG 1, after obtaining a condensate
Ligastid s ey shemseparately dedt tee the emultistage apolymemnzation
renmoved fromthe ol efin polynerization reactor, the
dsAgtrs dhen poptacted ewithin the regeionde Altarnativelprany two of
nozzle 50 | ocated at an internedi ate stage of the

e depmponents; mash{psbda woniaced nwidneach ethesuand the
by the. pol yneri zation reaction to be replenished. In
ZSmAINGIE GPRPONREL | Peseauentlyi hrevgbhemtoaontads or the
mﬁthiq.the cylinder 12 eat renoval fromthe

FEPRRAiLTeCmPenenissmay by brought inte mugyalrpntact:inea plurality
I nt . heat of 15 vaporization. In the plurality of
ﬁg%ﬁFFBHFEBﬁE§H?5 within the cylinder 12, on account

eat of reaction, the tenperatjure of a reaction
i@ﬂ@t@f’fﬂéﬂa St @ bglqii?olg NG r?@m%wi& fﬁat {Rayy Bacused to
zone 25 s locgted within t cylinder 12,  resulting
i eﬁ % ﬁjﬂ%r%]teg‘ajep%npf t¥Pen é@ﬁan ?%abbq\%ﬁmci%‘é%tﬁr%‘?ﬁ@eﬁe etal
%%ﬁ%ﬁﬁﬁﬁﬁﬁ f@lg@gﬁlize the t ergture, liquid olefin

O} ©1& 04 A0 &°1KES Aprovi ded at an

interngg' te stage of the cylinder 12, thereby
enabli N this tenperature difference to be held to a

Ty B, Nk £ ABBEEA i
Be\E RO RRTR HREH AT ERARAIATR

U5 BnsRASE SR PR5 68 Mot B GEEL 1 Riind hving

af r having an excellent structura
eyeRiehtlighy [ SIRALIE

ty. reover, when the production conditions

682 24 : [
FOPSE e SRAnGH mEat MSS RRIXaS, &0 AR, FhfRgroups 310 6
efisiHe/ Plirfsdiar JaBld 'FMikdeEferhémde IG?AC,h%gQE“%dOfxnore
of f-specification product that arises as’'a resllt can
peeferdblyaitanhithf Ziet6Miund 09'hagaiuth.S0. by providing

defl ectors 20 to suppress the scattering of spouted

[EO83cLégandshE haeiaBoa s clopaiadrhydekelbhes®dexemplified

enabling a high volune éfficiency o be achieved.

b9[ Gubsiititee) pye tadivayl icpbupss (Rabstitutbd )} dh h
ago%_benb.odi)negt I.igj%r exaﬂpfggd,su?n {Shesflor egF(;i n%éh}tl Eroups
antho GsutsstitutedyWileorenyl 3haupse elbhiailasetdigplBansclude
for transferring polyoletmparticles froman upstream
sydepentuliemwyl, anhylonalqimm@diéﬁ?m srtdutpRsclopemadienyl,
However, it is possible instead for the polyolefin
ganethylegclopemiadiénytly anesﬁ-bnt}ddnbm}&ﬁydb?ehmdi@dﬁt, efethyl-
The ol efin polynerization reactor 10B of the
popyepcyalgpentadienph syst em 100B shawrthylcytpntadienyl,
an ejector-based transferring neans. Al ternatively,
totramocthly leyatlopéntadienyl, | pentanetilydcyclopsatatienyl, indenyl,
transferring neans called a double danmper or a double
hnb7etetrpbiydnoindentil,us -methylindenyl agamethyplindéfiyl, 4-
val ves 20provided on a circulation line to carry out
ndemyfls bemethylindenyl, 6-methylindenyl, 7-methylindenyl, 2-
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[0112] The transferring nmeans of the olefin
pol yneri zati on reactor 10B has a particle renoving
l'ine L31 which renoves polyolefin particles from an
upstream si de reaction zone 25, an ejector 32 provided
at a front end of the particle renoving line L31, and
a particle feeding |ine 25L33 which feeds pol yol efm
particles fromthe ejector 32 to a downstream side
rtedebutytindenyl,25. 3tertdudylindenylan drteot-butydindeniyd, 5-tert-
situated at an intermedi ate position on the particle
rrtglindenyl, ne L64terttbetydineenyt, 32 dntert-batylapdenylj qui @,3-
separator 66 are |linked together by a line L36 on
whmgthyindgytpdskdimethytindenydy 2(4hdttrhethylindeayl, 3¢methyl-
the recycled gas separated off by the gas-liquid
seiropaopylisdeny, f efiSdenyandényl, 58)-ewthyl-dpfebenzimdenyl, 4-
[0113], I n the above enbodi nents, an olefm

denyl, o2-metbybd-phenyindenyily e2-netinydel-phesylindenyl,
formed jn the vertical directiaon has been descri bed.
Howmsibyl-4maphibyliaderyl, sHoorenylp e d-dienetbyl fluotenyl, 257-di-
five, a may even,  be_one. From the standpoint of
é@ﬂﬁwyﬁgu%regbff fand smbstifuged| vgrsiorsy off the tabaviee In cases
gﬁgcjoer of spout edp&?:%i’ 'S Erefer bly at |east three,
Tepthess: @rer ap ity ekt ligands NapvaBger, cyslopentadienyl

Rislelon, thefe, iEbads faay Barnucwibkeor vakkepl ¢ o

St EL Bigaids L°piictuhan those Hmmeg ey eleponiadienshgeeleton
a7 oA RBRNT by Bl o A e s and
PR Bl SRS BT e LBl
AR e G ot i but on of the bl yol ef m parti ol es
30083 ERRLRIG o PR HseioeROimt fp bt hlkRr G RbrinE “group
LR olec UL e SRECDROSHRRT e, 0By Sups
i, SrERRRAR B e Ry Bt Sy REBEEY. HESBERY Eurs,
BB YIBRE, rokpY; | allSifntife? . odlsrty aflabithb? eoyps,
AR RpRestAifio drBlpS A lbRosiling i ohBEREALIRRIE or dfphatic
Flatey TR2RFou DETinghh (e AGEGRIERY Ok B Hcted from
BREE 0§9'fg€1ti¥ SOEfR qlqﬁagen &R ;%lgkss;ﬂﬁﬁug ABIL" | il fkrative

at each 0 e tubul ar baffles
examples of the halogen atoms include fluorine, chlorine, bromine and

i

ot

iodine atoms. The hydrocarbon groups are exemplified by alkyl,
aralkyl, aryl and alkenyl groups.

[0086] Two or more ligands L may be directly linked to each other or
may be linked through a residue containing at least one type of atom

selected from among carbon, silicon, nitrogen, oxygen, sulfur and
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[0115] In addition, each of the downconmers 35a and 35b
mentioned in 5 one of the above enbodi nents has a top
end that protrudes above a tubular baffle 30. However,
in cases where the polyolefin particles are inpeded
fromflow ng between the outside surfaces of these
dovntoners 35a and 35b and the inside surface of the
cylinder 12 or the inside surfaces of the tubular

tatidsphorad, atohes. dolthestrative lds 161 3qurhmagsidies include
constructed so as not to protrude above the inside

salkyknesgrofups sachespmethylent pbthydendand lprepglenet substituted
a case, a nechanism(e.g., an on-off val veg’ for
radkyleaei rgroupe audhinas odimethyloiethylemiec (isbprppltidenen and
upper reaction zone 25 to a |ower reaction zone 25 may
phenylanethypeney istlylens geaus; dubstitited silyidril ghjupsesich as
a preferred arrangement of the polyolefin production
lsHiylenegnpl oys a diethylpidylemes i zat i on iphemylsidglene,
the ol ef m prepol ynerjzation reactor and enpl oys an
dewamsthyldisibylene ande dimethurxgyisilylenayeantd heterdatems mxth as
in detail while referri na to FIG 4. The pol yol efm
piBagen; Pxygean, esnlfoncastdophasphers. 4 iQE| these, amuthylene,

20pol yneri zation reactor 5 and an olefin

soyieBe: 2 dimsthylmethylene oGsparepydidene) he diphenylorethylene,
SompthrFiilensn  cacdistgsiiploeor  zecdipheopbalyiens a  and
ittty TDeRa By STesHLY pERFDIedh i n” par | ol oo, The

[ articles fornmed.in t 25bul k .
E@b%jeﬁhiﬁﬁ?%\lﬁ r €Xamples, s smeakg € Fempoumds include
beGHeopeitadienyBoRine. A nozsl e 68 for i ecdiaorde,
BB A SRR 5,20 o Blorcs
DBt Pl 2one 251+ SIEOBET 1 on | bver iRGhS.6.7-
NGOt Plrcnint Bl IR) e Pia Bl e thium
HRAGED, ST endist R ISae i dicii Paonium
IO, ) (RGBS AR URCRE DRRCETR, " AliliOrile, " nd
ik O3yt tetteme RS o Rl BE i B2
phenoxy)titanium dichloride. Additional examples include compounds
in which the dichloride has been substituted with dimethoxide or
diphenoxide groups.
[0088] Cocatalyst components that may be used in the preparation of
metallocene-type  solid  catalysts include organoaluminumoxy
compounds, organoaluminum compounds and boron compounds.

[0089] Illustrative examples of the organoaluminumoxy compounds

include tetramethyldialuminoxane, tetraethyldialuminoxane,
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10with gasification of the liquid olefin inside the
reaction zone 25. [0118] In the arrangenent j ust
described, the slurry is fed froma position | ower
than the powder |evel 85. However, the slurry feeding
position is not limted to such a position. For
exanpl e, the nozzle 68 may be provided at a position
hi gher than the powder |evel 85. This 15has the
detrabtifyddialhmtinorames) tetrahexykdialmmitoxahesmethylalesinexane,
unit tinme is made relatively high, the flow state of
tetbyabominoxaree) bedylabemiepxarie and hexylilominosash| e
wth the gasification of the liquid olefin [0119] As
J0A6RA] iTHustrative examapldseedi organoatimimimpconiptemdst include
the bottomof the cylinder 12 feeds a gaseous olefin
lalyminengot t omtrdethylalumeineyhj nder tiznhivtylhiiieum,
L3Q0 and a conpressor 54. A gas discharge nozzle 61 is
umimem: arpd ti-n-hexylalumdieumi 2. Gases t hat
Tﬁvs riﬁen t hrough the cylinder 12 are discharged to
1894k dlpstative o 1axaples, o0fd gheremt r sompbydst i cinsdude
ar.e di scharged by _a cyclone 62 that is optionall .
5’%(9%@8“% ybbogare, t hr ough a conprestslpheﬁyf/(anbemum
25h exchgnger 65, then are introduced to |ine L30 |
Vel Sﬁéeqtgﬁuamhf‘ébslh ed. beratg] As d&dgrbptd)amsienium

5 SreilaertelRotnliesBl) | thprakans anshi s Nkbmetiylagilinium
It sl petindl Bodtes 11 om t he upper Teacti on
EA052 el eShiRe aor et 198 B odthaf (i Bronsdating of
EligPend ofd crEySi S miterebly B DeteiisTaibsiihcsn pstrative
ERuHRIER of Wl BBl R EaidcoReS shef b Sthe dloOngeO,
50 T0umBaPr YR AR SRRl TS R3S miferals
B SO ELOR G AN e B BBRRE el porit an
PREIE RO K6 3 oIk Iener PALAERS kel B tyrene-
ﬁi\ﬁﬁ&Pbeﬁi’eneT&ﬁolgﬁ%ﬂ s used for ejector

[0093] Metallocene-type solid catalysts that may be used include those

mentioned in, for example, Japanese Patent Application Laid-open No.
S 60-35006, Japanese Patent Application Laid-open No. S 60-35007,
Japanese Patent Application Laid-open No. S 60-35008, Japanese Patent
Application Laid-open No. S 61-108610, Japanese Patent Application
Laid-open No. S 61-276805, Japanese Patent Application Laid-open No.
S 61-296008, Japanese Patent Application Laid-open No. S 63-89505,
Japanese Patent Application Laid-open No. H 3-234709, Japanese
Translation of PCT Application No. H 5-502906, Japanese Patent
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operation. In addition, part of the gas pressurized by
the conpressor 1564 is fed through the lines L38 to
the particle renoving line L31 on the upstream and
downstream si des of the on-off valve 80. This gas is
used to prevent clogging of the on-off valve 80 and
the ejector 32. [0122] The flow rate of the ejector
operating gas is not subject to any particular
| Application Lapd @pedeNoi H 68365 02andiapudriess Paterstadpplieation
of 20 discharging the polyolefin particles. The anount
diaigdaepars D. thd 7e224H06. cl ogging is preferably about 10
parts_ by volune per 100 parts by volune of the gas for
dpep4i i\%@enhei dnetallocentetypel isai;tiy qatalysitisclusgdi g olefin
the on-off valve 80 and the ejector 32, it is
padymesiziationgra esatpdgstt component cmcht asitdry orpamoaliminum
lines L38 to the upstream and 25downstream si des of
o8 pr adrarensmmpeund nope batused togethes ibhe€essary. In
pol ymeri zation reactor 10C, regardl ess of the open or
éllsi\'é/,eﬁaéant theprmetadlocenedypevaokd eatalysiiasi the cocatalyst
ol efi n pol yner.i zgti on reactor 10C has capacitance &y e

e

ceparongntgagdy & hrenghts mse envtual qonsact proyte deing ginto
for neasuri.ng.the heights of the spouted beds (the

e PPEH&ICE‘?%EIQB BEARIOF | @ emaysshe semaratalye téd dotan the
BOPrBEBRan TERelel A GRieddoviibim heseasiop! abliesmtivelsy,
ST s e Ao S Sl cswtact i
BB Aoy L o Eosur e oauges 90, L 1
F(%éﬂdﬁ%l ' rasd O%nxéo‘a'\{lp L%%ﬂiélglzéilam%gpp lo? ]fhe above olefin
polymerization catalyst is generally from 5 to 150 pm. In a gas phase
polymerization reactor in particular, to suppress the scattering of
particles to the reactor exterior, it is desirable to use a catalyst having a
mass mean particle diameter of preferably at least 10 um, and more
preferably at least 15 um. The polymerization catalyst in the present
embodiment may include additives such as a fluidization aid and an
antistatic additive. Together with the polymerization catalyst of the
present embodiment, concomitant use may also be made of a chain
transfer agent such as hydrogen for the purpose of regulating the
molecular weight of the polymer.

[0096] The olefin polymerization catalyst may be a so-called
prepolymerization catalyst which first induces polymerization in a small

amount of olefin. Examples of olefins that may be used in

prepolymerization include the olefins that may be used in the above-
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A cylindrical cold nodel reactor made of transparent

pol yvi nyl chloride and capable of form ng two spouted
beds inside the cylinder was furnished to investigate

the residence tinme distribution in an olefin 15

pol yneri zation reactor according to the present
invention. This unit had two tubul ar baffles of

inverted conical shape with a gas inlet orifice

tdesceibed pelymerizatiinch Inathipaiaseda \sirigieatyF)e rofcglefin may be
defl ector, disposed vertically and coaxially wi thin
tusedealbheder two ot 26reTdi¢feryhi oldfinsahay Geduseddtelgether.
reactor had an inside dianmeter dB of 20 500 nm and

t 19097 Methads fori preducingtthe prepobymeniratibnecathlyst include,
tubul ar baffle had a dianeter dA of 100 mm

Avdoratenghgt limitdd to,essdntryexpobyimerizition atind dgdsl Bphase
bet ween, the gas inlet orifice dianmeter dA and the
Balymesizationi d<Ofithese: slurgBpolyanerization is ppefefiedThelhe use
aqnth e ﬁwf inclination between the inside surfaces of
tofethesdaften i prednctencs sometimes econcmicaliymeivantageous.
té}e horizontal and the angle of inclination between
difedygtion grax e sawiedput msingnl katchrsystand, atsemibatch-type
horj zontal were each 65. The two tubul ar baffles '
[FYVICHY OF @ GONFEIIONS SystAMBal shape were each provi ded

$hi8f Aheaitiaes rae il cameiencof hee pepelymenization
SRl iSrigngally niosBucdtd nd dithohm ¢ Jas 8 g2 phase
PO TheFRBoR Ratior mHBADHIAr, FadndEHZRSeatier (o the exterior
B e Spa oS el Fash paticld clamelnie ikl Bbleasinl0
N 8 Bl A dovsy gt BaOTretibryts desirable for
B Sa0RSe O bl TRRREHYE LR AR R petlicl S aBiar of
RS KB 200um End SRS ES Tl O i b6 wtroumt

RS g A EARcH Caral o hilf I B dhgereacor
Hhe’ suspertiontinl & IRarBeRE RUVERF ot abRRNAG  BRr Ry by
R W B g Bn A s R nlIRd T |80

§yipr ed over time and, using this as the pseudo
I mpul se response (delta response), a transient

[(ﬂﬂmnpglﬂléﬂﬁ%au@@@,ﬁlﬁggggsgo moni tor the anmount of

colored 20 particles, t value in the L*a*b* col or

L s g ok 3 SRR st

isnsdesenibeds CoFirst! %pdly@[@ﬁﬁ hg)aﬁﬁ@}é@t &fntﬁﬁﬁﬂ%eda catalyst

particles was deterni néd based on a previous

curapenent \Wak/khg pelyitization [y k&S ﬁ)rﬁ{léli’n‘%fléﬂ% olefin

normal i zed transi ent response curve I n 25Exa

pregodyraerivhdodaiénciof Hoby a8 kewdNhelitdd 8siaBd ad olefin

three-tank series in a continuous stirred tank™seri es

pagaierizatiogetatalyst.t hi s

[0101] Separately from the above, an olefin monomer gas is fed via line
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exanple, by formng two spouted beds, a plug flow
performance conparable to that of a continuous stirred
three-tank series nodel (three fluidized beds) was
obt ai ned. [0130] Al though the pol ypropyl ene particles
(average particle size, 5 1,100 nm used in this
exanple are classified as B particles in the Gel dart
operties and

ol il o on a4 i
B A RS L o
g “fsttie%@égvei‘@s&f‘éﬁnif%&é e SFires whighimay be any
%%gﬁ%&gq@t&% Pt Foahich| “bﬁL%Im 1 eanabls Ofbgdipresent in
the e aoi”éa gg%sv Aol BERCTNLY GETRHESOUA BESHER to 10
MBaEy Frefsdibly:fom ) étq §iipac, 62 fmerwgmsfe bl e 0 to
ST PR ARG B e S P e e, e
RS Egs%aev AR TR B ur
Sy Y7 SRS W e
T R i I8 35 o
o 5E IR i, 0 S R
thBhbA% (RpeAituR BRfoW e BRI ot BF tAE Dlefin polymer,
and preferably at least 10°C lower than the melting point, is desirable.
Specifically, the temperature is preferably from 0 to 120°C, more
preferably from 20 to 100°C, and even more preferably from 40 to
100°C. It is preferable to carry out polymerization in an environment
which is substantially free of moisture. The presence of moisture may
lower the polymerization activity of the polymerization catalyst. Also,
the presence of excess oxygen, carbon monoxide or carbon dioxide
within the polymerization reaction system may lower the
polymerization activity.

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

cylinder 12 are most often particles which do not contain a catalyst
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the angle of inclination between the outside surface

of the deflector and the horizontal were each 65. The
coni cal deflector had an inside dianeter at the bottom
end of 300 mm and was hollow at the interior. [0135]

The interior of the reactor was filled with 40 kg of 5
pol ypropyl ene particles having an average particle

size of 1,100 pm A gas was fed in fromthe gas inlet
ofempeaenhhaving | I@&Yﬁl@l@tm taedi vl ygl rthe presence
particles was, observed. The gas introduced into the
Uit erwwfmﬁ racatadysti eompenent havinga@ palyanerization
rate .of 7.5 nB per mnute. 10[0136] As a result, an
AAIEY 8 agesptalleped 1 ow state was observed in which

t rtj.cle concentrati on near the center axis of the .
c@ﬁi(ﬁie polyplefins patticles agp igtor theniclingas l2hwhile

Feiein g 53608 onomer she Thon PGz dih ol ShoravIn FIC 2,
(abbwied: bes pF poly el sl Soin iodetcsk wilhah thgeagtion zone
11 Shaf i oo e 4dion’ 0f Jie g5 e Bas ik Orige, the
T B, BB P e s B e
SRR, 2o 500 B R S e
e G e P NP B g Y e
SRR e 0 0 e B BB e By
St et R R R P iy lSvement
SRR ISR B g peolecrved, L o el e
DY AL S5y e BT ST e
%%&ngf‘gﬁ%ly%?éﬁﬂ YRftitRs! ESntAffREM GXAYR! EonlfblRRt having a
polymerization activity that were formed in the prepolymerization
reactor 5 are fed from line L5 into the cylinder 12 at a constant rate per
unit time, thereby commencing steady-state operation of the olefin
polymerization reactor 10A. As the polyolefin particles containing a
catalyst component having a polymerization activity grow within each
reaction zone 25, they successively fall through the upper downcomers
35a and into the reaction zone 25 below, and are eventually discharged
from the bottom downcomer 35b.
[0105] Meanwhile, part of the olefin monomer-containing gas forms a

spout and sweeps past the particle bed, while the remainder of the gas

diffuses into the portion of the particle bed having an annular structure.
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5Aside fromfeeding 7.1 nB/mn of air to a particle

bed conposed of pol ypropyl ene particles having an

average size of 900 uminstead of feeding 7.5 nB/nmn

of air to a particle bed conposed of polypropyl ene

particles having an average size of 1,100 IIM air was

fed to the particle bed in the sane way as in Exanpl e

2 and the flow state of the 10 pol ypropyl ene .
this) vayndbeoplelinsentaining,igase aafpithe “polyolefin gparticles

dA/ dB betyween the di aneter dA of the _gas inlet orifice

anderse sohid-gaw contagtyand; theeastionpofidheocatalyst within the

S ST e B A b o 1
| e 6 DauoR .
ioselde Leameet Lng L lalmig 0 ol he e 1niel
AL B e oS e e
DR BE A the HoUBH i g o msRetias FaNGLtN di6 SHStire- that
! . t . . . . . ? 2
4S5 S0 BT el BBy i
B e Sl VS L i, o
PR 60 5 il T e
E3% BLRE BahiBg, B %gbﬁkﬁ%f}g Bat SphETGRTTAURYNE S is also
| ! . e
IR B 1 bl By s
. “drameter [t or
itials Pve Ben! Mol R CallatfS: Hfed miffiphiin  gas
SBSGEER Yeloblts DHnSS et Xmipte id R 2RI BRIGHS
Ums:il-&(d—ffj ngLS(ps—pG)x{ Pe j (1)

dy\dp Pe Pamr

In this formula, dp is the particle diameter, ps is the particle
density, pg is the gas density under the pressure and temperature
conditions of the reaction zone, par is the density of air under room
temperature conditions, and Lg is the height of the spouted bed.

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

below.
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5Aside fromsetting the dianeter dA of the gas inlet
orifice at the bottomend of the tubular baffle to 50
mminstead of 100 nm air was fed to the particle bed
in the sane way as in Exanple 2 and the flow state of
t he pol ypropyl ene particles was observed. In this
exanple, the ratio dA/dB between the di aneter dA of
the gas inlet orifice and t(?; 10 ;yli der inside
di anet eLs . 10, Theos(er.napi a spout ed, bed,
al t hough_w%“r%s%wﬁﬂ ,-zir\%é’—cvm*rgm?glﬁr%gtggi s eXahpl e.(z%hat
is, the gpout ed of f - cerfl@f“nf ormi hg at a position
other than.the center ,axjs of the cylinder, which, in
turn ri&J&%goﬁmuga\}hrlis ﬁ?Gﬁﬂnﬁlzﬁh‘éﬁﬁ@l%mf@le paicles, and
partigle bed perjphgral to the spout. In addition, the
é’p@&ﬁﬁmu%gﬁt‘ﬁ@f@sm @Bserved to change
[ rl ver tine. [0143] Exanple 9 i de..
IPLORE é"‘?? dﬁP het2gfR epfd%lém wﬁwqyn@@d% shablipg the
t he bottom end of,the tuhul paffle. tq .50
Hhalan it 4 seomstasle Shoikted ket if fprefarable or ghe spauted
heg ,sa Sl I he fl,ow 20 state of
PRe B3E5F ot PE hisher BRBiBe PuBes beERG al” in thi s
., the rati dB, bet.ween t he di aneter, dA of .
H{E09L &s HiSeh I G, ahetoniEEnk dieph fbei b cofidensing
s..0.#40. ~-The foramation .of a spouted bed,. alt houg
Rt Broatliof U, it i ciafing E42 fifitoverfiSin, 16¢ lefin
of f-cen el QLT t a istJ op. ot her
PRIy befRGtn Hepchl LR conRENbAY, Rayil RrcSIhe k9 Bader 12

(RAH, AT, 30 Pl 90 o OAmBlR il CPRRBGIRAS 12
6" IES et ORI SCph Gy At AL S fidfation
FERMIESo! B réplenished e Iﬁ’l‘"éﬁﬁiﬁghn gﬂu;fﬁ% fquid olefin
process carried out I n Exanples to 0 he

LGP AR B B, (TR 122430 SRRl kR he

polytlefinS W@l@sbﬁd aﬂ@é%essibfél%%got&ft’m nafé%lﬂghleg@ of

process c ed out In nparative anples 1 to

vApbHgator STERhéE PAAIRY | dddagtion! fihds! 25 WAtNIN @& cylinder

propyl ene honopol yneri zation was carried out using a

1D uohiazedubesf tirdeéRlof reat66E, e & #h#e ofefreaction zone

reactor. The polyol efin production 10 process carried

28tteinds Eva bl ighdr ahet igthdtvapt thenrdéditiondeene 23 €9 located
(Polynmerization Step Il1) in which propyl ene-ethyl ene

wathah \thre rydaidee rl 2)asslgingi #0a Qéﬁlgﬁéﬂm@e diffprancedwittdlower
reactor. I'n Exanples 10 to 13 and Conparative Exanpl es
fedctiod, zohes 28y sildehcqr wpequakize dhetteenperhire ligrié olefin
measured and eval uated as descri bed bel ow.

monomer is fed from a nozzle 50 provided at an intermediate stage of

the cylinder 12, thereby enabling this temperature difference to be held
to a minimum.

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

cylinder 12, enabling the particle residence time distribution to be
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15[ 0145] (i) Intrinsic Viscosity (units: dl/g)

Three different sanples were prepared by dissol ving

the polyner in 1,2, 3, 4-tetrahydronapht hal ene sol vent

to predeterm ned concentrations. The pol yner

concentrations of the respective sanples were set to

0.1 g/dl, 0.2 g/dl and 0.5 g/dl. The reduced

vi scosities of 20 these sanpples were neasured at a

tW@é-ur eAscordimglyisiing the opptnvade predustiane of | elefin

accordance, with . the nmethqod of ,cal cul.ati on descri bed on

w@mutots Rass gﬂo ps@&ucq p&@ﬂmolqun harigg, anyexepllent

is volu 11 of Kehunshi Ji kkengaku [ Experi nent al,
éwﬁﬂ@?ewéﬁmy ( 1¥PFEOYETp Wﬁl%ﬁﬁiﬂrﬁ’a‘ﬁ}lpnt%dﬂ@%&@@ to
i Scosit s plotted versus the 25concentratjon, and

Do changfds ecanse @@dlwyf@@s ptisles Relyperized prior to the

extrapol ati ng.t he concentration to zero. 014 [
Eha 28 n Gonitien can e e spparged Trom the, ey Bhded dethe
unit conte was. det er m ned the | R spectr.um net hod,

AR O S peR G DI SHat s R RES b G gdin to a
ongspage, 619 of Kei.bunshi handobuk he | yrer
SR8k [0eero s AdRonB ooty dsh Siedigetoras 2t Shupesss, the

nit" refers,to ctyural, units whi

SFRORHEE ot FosmsfrpRLRes BeLpehodt Yot ciR B2 sherfened,
Shitblthh e eh VARRBEMOEacY I PR aGBRYER ot cut ot ed by
S0 Yot 16 TS SRRl
S5 bp TR AR e B BBy, are
Fhuployed g ghe et fBP Ak TR e AT GRET SRFG s JFBm an
LpsHhR side reaction zone to a downstream side reaction zone.
However, it is possible instead for the polyolefin particles to be
transferred by an ejector system. The olefin polymerization reactor
10B of the polyolefin production system 100B shown in FIG. 3 has an
ejector-based transferring means. Alternatively, although not shown, it
is possible to use a transferring means called a double damper or a
double bubble system which uses two, spaced apart, on-off valves
provided on a circulation line to carry out powder transfer.

[0112] The transferring means of the olefin polymerization reactor 10B
has a particle removing line L31 which removes polyolefin particles
from an upstream side reaction zone 25, an ejector 32 provided at a
front end of the particle removing line 1.31, and a particle feeding line
L33 which feeds polyolefin particles from the ejector 32 to a

downstream side reaction zone 25. In addition, an on-off valve is
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FEp = WEpiW X 100 In the formula, W stands for the
total anmount of pol yner produced (honopol yner

conmponent and copol yner conponent conbi ned) per unit
time, and VEp is the anount of copol yner conponent
produced per 20unit tinme in Polynerization Step (I11).
[0149] (v) Intrinsic Viscosity of Polynmer Produced in
Respective Pol ynerjzation Steps (units: dl/g) The
isHuatess it aniinterenediafg ppsition emdhegagtigle mﬁmhm L31.

produced in Polynerization Step (I

¢jastar 32 ard the yaper-f dasepanréthcééf F@ﬁﬁrﬂéﬁﬁ by a
produced in_Po]ynmerization Step (I11)
Tine: L.d6ion whishgst ququba&ommswp ng}o‘ﬁg)rpoﬂ%‘ﬁt(’f the

pro din Poly ation | at ed
od E@Sﬁ@pmﬁ f‘fz by the ggs ss% atqﬁ@asz edas gas for
V\ll W+ W2)) x (V\pl + W2r Afp2 [111Er = ([1113 -x
QOOPETAfION n- x W2/ 100) x 100/ WEp 5Where Hi :

}[;@ Miqx ;g\g/: %Sél é%lb(o %zltsOfarP olélfne oi§r?1£:nﬁzation reactor in

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

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

of the respective reaction zones 25 can be equalized by some other
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Step (I) [ri]2: intrinsic viscosity (dug) of polyner
follow ng Polynerization Step (11) [1]3:
intrinsic viscosity (dl/g) of polymer foll ow ng

Pol yrmeri zation 10Step (I111) W1l: Amount of polyner
produced in Polynerization Step (1) (kg/h) W2: Anount

of polynmer produced in Polynerization Step (I1) (kg/h)
[0150] (vi) Ethylene Unit Content of Polymer Conponent
PReaGett MAYREOH e inaserRAry it ipravidm lgpid sfqadhinozzles; 50.
% . 15The ethyl.ene unit content EEp (units: wt % of . .
tﬁ&emtlmle-y, achawishteed nozzde S80may beopsawided a@ab@ﬂlesg%‘pmlet
(HL) was conputed fromthe fallow ng fornmula. EEp = E3
Yory @0%0#&13 a battles 3% ne et hyl ene uni't

A1) §E inaskltian.ceash oF ths dooheonrs3 6 and <Al Brensigned in
‘i, oF (B8 by boRbENOS heoh PRI dotlpprotEiasaabove a

 Sohglas el A Hlatisrohei sied e sha BtGb s parfisies are

25 d.a 50 p. mthick sheet factured at
aBHRsded oy T50RE TRRWaSt! tiengoutRis ~sBdagencof dhese

B8 S5 A 250 T O AR 12 or
g SR B S SR RS, B B 5 amd
5 205 BRI A B 8 bR T 8 5 rfces
R SRR GBRPaER A e §CBEL BiBlRNem o,
S G SfE YA 10 1SAIHbE B o ihesH pAHIN iR ch OB from

and saved 1 n’a pe rma nmage was
(L
MRB%ided dPeh @ Bowncbmds sheyes were

[0116] Next, a preferred arrangement of the polyolefin production
system which employs a bulk polymerization reactor as the olefin
prepolymerization reactor and employs an ejector system as the
transferring means is described in detail while referring to FIG. 4. The
polyolefin production system 100C shown in FIG. 4 includes a bulk
polymerization reactor 5 and an olefin polymerization reaction 10C
having at the interior both top and bottom reaction zones 25.

[0117] The bulk polymerization reactor 5 polymerizes an olefin in a
liquid phase containing an olefin polymerization catalyst, thereby
forming polyolefin particles. The polyolefin particles formed in the
bulk polymerization reactor 5 pass through a line L5 together with

liquid olefin, and are fed to the olefin polymerization reactor 10C. A
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10 recogni zed as areas that are brighter than their
surroundi ngs. Because the fisheyes were of indefinite
shape, the size of each fisheye was equated to the
di ameter of a circle of the sane surface area, and the
nunber of fisheyes having a diameter of 200 gm or nore
was determ ned. The fisheye count was the nunber of

such fisheyes per 15100 c of the sheet. [0152] .
Mgl 63 1ot ﬁe@%@gy%km%m top reachion-zqnea?S 43 provided, as

S 1S 2 e it o vl 5t e
a3 B R B bt A e 42 o o
S B I e S R SR et 13t e
) R —
T
T N .
P B B PR S S b
S L e
L O A R

{51084 EORUBSIUA UM OEEINEN e gory” B Fom o

meri za g a

, , o Ci )
BORIAGE 16944 B0RF U2l B98P0, | RRVERYE e sl foeding
PiEFlon B RoR DR L5 QULAT, PESAIR HEP LIS i houate o5
Eﬂiégﬁ‘b@y R D 4a beﬁ'ti%e fthbﬁ'tﬁ%é&%&?f 1&Rg &9 This
the prepol yneri zatton catalyst conponent slurry into

hhas the aav@ﬁta(géhﬁaf, e9ehiwhers Al hfgigiﬁﬁ OFRE@rr§Fell Per AWt time

15Pol yneri zatli on tenperature: 7

is made relatively high, the flow state of the spouted bed can be kept

from becoming unstable with the gasification of the liquid olefin.

[0119] As shown in FIG 4, a gas feeding nozzle 40 provided at the
bottom of the cylinder 12 feeds a gaseous olefin monomer to the bottom
of the cylinder 12 via a line 1.30 and a compressor 54. A gas discharge
nozzle 61 is provided at the top of the cylinder 12. Gases that have
risen through the cylinder 12 are discharged to the exterior via line 140,
and gas-entrained particles are discharged by a cyclone 62 that is
optionally provided. The gases pass through a compressor 64 and a
heat exchanger 65, then are introduced to line L30 via line L35 and

recycled.
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Stirring speed: 150 rpmLiquid level in reactor: 18 L
Propyl ene feed rate: 25 kg/h Hydrogen feed rate: 215
NL/ h 20Tri et hyl al umi num feed rate: 45 3 mmoUn

Cycl ohexyl et hyl di met hoxysi |l ane feed rate: 6.6 muol/h
Prepol yneri zati on catal yst conponent slurry feed rate
(pol ynmeri zation catal yst conponent basis): 0.557 g/h

181 $0E A< Bescbdl BBavecihe eledin pohpenaion reasfor 10C uses
38 RGP 85 406 IFBRCHInG: TedtS. of [ DISGTaRgfeming TReans
RaclidEyon  gpeficienscmandag olipFeld aviich demupres malyolefin
S e 5 S, 900 08 1o o SRS
Hord SRk of g FeiEkoremavibegiifng 1 battd rbafils foding dine
$7 0 wiich Seod hnfbalatinmariielisclrons fhe sicter a2, bthe;pottom
Skl o 251! L SAIE LD BT il
By T 131050 8 o' S 541 YL fppving
B39, 4 e 5 Qo s AL L8 g omor
e e T e
pArti Q8 rerVAAE 1intATB Y i SaOfedllih il Pl Tl € and a
[0121] Part of the gas that has been pressurized by the compressor 64 is
fed through line L.37 to the ejector 32. This gas is used for ejector
operation. In addition, part of the gas pressurized by the compressor
64 is fed through the lines .38 to the particle removing line 131 on the
upstream and downstream sides of the on-off valve 80. This gas is
used to prevent clogging of the on-off valve 80 and the ejector 32.
[0122] The flow rate of the ejector operating gas is not subject to any
particular limitation, provided it is an amount which is capable of
discharging the polyolefin particles. The amount of gas used to
prevent clogging is preferably about 10 parts by volume per 100 parts
by volume of the gas for operating the ejector. To reliably prevent
clogging of the on-off valve 80 and the ejector 32, it is preferable for the
gas to be fed constantly through lines L38 to the upstream and
downstream sides of the on-off valve 80 during operation of the olefin

polymerization reactor 10C, regardless of the open or closed state of the
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15 deflector were installed coaxially at each of two
stages in the vertical direction. The tubular baffles
and defl ectors used here had the same shape and size
as those used in Exanple 3. [0156] A slurry containing
pol ypropyl ene particles and |iquid propyl ene was fed
intermttently in a plurality of divided portions from
the slurry 20 polynerization reactor in the preceding
onepffrvalve 80t op reaction zone in the spouted bed
reactor. Th lurry polynerization reactor and the
iﬁb%]ea“hse@?eiiacp erZaitom deastory 1 8Cy has neapagitancgetype
nmoynt of sjurry fed to the spouted bed reactor is .
3@@& gaugespy3 adoditderential peessuse igauges P4 {0% Measaring the

Foh b s sl e B S o i ).
PR ek e i I
St B2, s P B i R o

8o g S, RS il i

Jurr an be fed without difficwty by eith nmet hod.
s tn £ apfferebtial et aneeh 90k ¥t Bp@rinble Wieahy out
he riethod of fe i&g the.slurry directly into the
SR B sBnsie e PerdBaaliYt e sl ur ry
M tly at a frequency of about 100 tinmes per
1 us meki ng the anount of slurry fed at one

WO LPAF BRalnl® 00 720 boa, Limiting the 1660 rate of

vel oci 1y VURAGH, EILARRICD 1Babfir SHER KTrBRRE bhlyvinyl
CORMIASARANAREN drfrifink; (46 Xpol R PLAZAHLRE HeZoylinder
PSR RRRRSHTS, hvERERc I RARIGHCE GRcXdRATRTon i an olefin
EPRLPIPAON (EnchoPacd il o Y, BRGont PRUSTRYRO ThS uni

Ragithey Al AbAGR s R @eteddcdriBabsit] eyw?ﬂh; £k ¥nlef orifice

the particle bed is that the latent heat o

viedrei, Zeddho o fWAIRH ReadpairedcRiiPa ednieaP RIEfRRE0C alispEsed
used particularly effectively to renove the heat  of

petticaly Zad teaxiallyewitbswklie cghiader.i n 20 Table 1 were
obt ai ned, in Exanples 10 and 11 and in Conparative

FXEXd] Theleytlindiicd] Wold ahydel feavbbrehad dnligiside dheneter dp of
nethod in which the slurry is fed directly to the

560t ingh e ahddthel ga@iﬁmﬂ &3fi¢2 anthelBottbhe ehdsof teachetubular
obt ai ned for polyners obtained using the nethod in

bhaffid Hdde as diemptersdf edf fri®nmmposAcicordihpby)ein thanpresent
the powder | evel of the 25particle bed. [0158] The
spamipbel thedratead)/aly beewedm thdgapriadstndrifizardihmebasdgrand

the cylinder inside diameter dg was 0.2.
[0126] The angle of inclination between the inside surfaces of the
tubular baffles of inverted conical shape and the horizontal and the

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

pol ypropyl ene particles fromthe upper reaction zone

to the |l ower reaction zone, includes a particle

renoving line with an on-off valve, an ejector and a
particle feeding line. 5 Mreover, 10 vol % of the

circul ating _gases (gases discharged fromthe top_ of

tthe hpgzerial begre eacho 6P°werkhe dvandubulpgsbaffles having an
Qperating the ejector. In_ addition, .1 vol %of the .
dnvetied conirah sbape weare cash provided vy 2 demmoemer having an
tangs: dpmacise 05 40 cWEnt OB rasuen doflecis Bof R riagide
sBemctertatie HoBam 4Rd QoAb THE AN VS hoNlaval the Brerior.

I I [ b i abl ted th )
(B487L ddhe’ & atntraduced dptoy the whid Vigst Fagmriemeerafure air,
t he. t | d I 0359] Pr, I d .

S DouA deRm s b 8 R ooTbarreclo usd
S Ba 0o e Sl BVl S B8R BHSa€ T 100
8o R RS R 58 B iRt S it cach
PG R R P Gr e e rRBREES. b RpRRAY ke vere

: C.Pol 4 zat i .1, 8

£GHREA ThthE sRdseeRe IRRLoR i BY TaGtng: in ¥ g gbove-

: / : 50
T HRAENG Bishn it Bas Silef Briticdi ARG Syt pptné

. . I 1

108861 10 ciouebE S 3085150 ol [AAREAYL B HhE famount
SpAHHEBESy AREhfhact fiofi? 12 dHEE Shly MOBRuERll Tod in

. 0 t i
BEARR EmbRe phfidh B 116 ) ' REAPOLRE ToP B libbylene
? 'é’le Yhavihe i Sal@! é’\?@'?%é Hakr@81eS4i2P aWdScAbrétP Ped@hiths fed

e pol ypropylene partic

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

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

series In a continuous stirred tank series reactor model. In this
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obtained had an intrinsic viscosity of 0.93 dllg.
[0161] Polynerization Step Il (propyl ene-ethyl ene
copol ymer obtained with fl uidized bed reactor
(gas- phase pol ynmerization)) The pol ypropyl ene
particles discharged fromthe spouted bed 10 reactor
in the previous stage were fed continuously to a
fluidi zed bed reactor (capacity, 980 L). The fluidized
examplgcthy faumingdtwof spugedl bedss @ mlugs flove eperfomance
I nside surface of the reactor and the surfaces of the
iopreparable: thfnt @ftascortiruounstitred thyeentank seyiasomedgl (three
size of 300). The reactor was equi pped with a gas
dluidized beds)iwasobtatned.stirrer. 15 [0162] Propyl ene,

| ene and hydrogen were_ continuously fed to this

?[bg?:(@] Zelthoregh 1 thgc pelypromylena partiglesafavenagg padicle size,
SOTGh ) e 5 Gaimn o taiAcd A B2 SRt in o
5 Bt SRS RSl PulipalSichronesie 5 can b
TRl 55 B AT RSB ven
ek snak pattidert /) pol ymer partcl 6 hol d.up: 5 kg
WBIRE] Efmpled A0 of 2. 7 hours.  The gases. wi thin ¢ he
et A2 Ly AR st e
SHRESEI BHOH S Phe BB PER heBlet bl ThimRd e Feaction
%gﬁgﬁ@ﬁh@ggﬁéﬁg?féégm@ﬂfg%ég#Eyygl nTLEi iopol ymer

FOIRen e s, PV 2™ B8 al far ~a cont ent of 279 ut

2 21 SR80 a3 f gt polyviny
chloride and capable of forming a single spouted bed inside the cylinder
was furnished for use. This reactor had, disposed within the cylinder, a
single tubular baffle with an inverted conical shape having a gas inlet
orifice and, paired with the baffle, a single deflector with a conical
shape.

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

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

tubular baffle having an inverted conical shape and the horizontal and
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10[ 0164] Exanple 11 Pol ynmerization Step | (propyl ene
honmopol ynmeri zati on using slurry pol ynerization
react or) Asi de from changi ng the foll ow ng
reacti on conditions, propylene honopol ynerization was
carried out in the same way as in 15Pol ynerization
Step | of Exanple 10. Reactor fluid level: 30 L
Eﬁg %)llllg f;] gf &&ﬁgﬂﬁ{lgrﬁ bﬂ%’?%étgj{:f{éat%g;&% gl?srffﬁg; I((j)f ?ﬁﬁetb (cel:eﬂ%:gt:?or and
Rt St o W
R B snd il o
(TS5 5 LB e oot ool 4 1 of
E&llth@}q@ qo%%élisé : Qng?a,%i@éiet g;' %@%gélgoﬁ;i%r%fp}tm pm.
8@ Eg}glsg\}v;% _erHuf;’l ?r%tn{{litﬂg dgagagﬂgtnoﬂiﬁ%te[ ia?l iﬁlev iﬂ%%s?séi[a{tg c? the
polypropylene particles was observed. The gas introduced into the
unit was room-temperature air, which was fed in at a rate of 7.5 m’ per
minute.
[0136] As a result, an ordinary spouted bed flow state was observed in
which the particle concentration near the center axis of the cylinder was
low, a spout of upwardly flowing gas and particles stably formed, and
particles dropped down in a moving bed state at the periphery thereof.
[0137] Example 3

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

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

state of the polypropylene particles was observed. In this example, the
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[0166] Pol ynerization Step Il (propyl ene
honmopol yneri zati on by spouted bed reactor (gas phase
pol ymeri zation)) The pol ypropyl ene particl es obtained
in Polynerization Step | 5 were fed to a reactor
havi ng the sanme construction as the spouted bed
reactor used in Polynerization Step H of Exanple 10.

Asi.de from setting the pol ypropylene particle hold-up
tratl%dkfgis%@@vg%gb@ digmeger Wat 0brthetgase inles argfice and the

et fosice dianed e wasi GASS: obs in Ikl @nlorcinary
sRbutecbed N izen seas obrerved ot the Blsent RampR.c. of
J0h BL ERhble Bt vi ¢y ﬁCPﬁ{Eepﬁ’?iné?:‘ zathon st 2;
[ t

had an At R FeoREo 2 0 BHirbObBIRgolparti bed composed
P rization Step |11 ropyl ene-et hyl e .
o3 PITRRSERISET ATIFlen e Uil DAY e FEk-obP0P gum ipsicsd of
ERediBch ST/ i o, ariasiols Bod Hbrpiowal ok polyrsopylsne

RS Bl S8 57 D B apdpe it
%fﬂﬁ@I gillaebr&'ap%g Asj de from Sfletltl}l’feé hal d- uébo}
?ﬁg%ﬁ[@%ra%‘gf’eﬁ%aypé’ﬁt% Lapp %Oik%‘ BF‘Sp_ %e&%tﬁd‘)f the
BPRREI R Bt SO0 el IR bR, I atip do/ds
PROFRLUHE B ROE g e il HRIES g e Ut i
UEShERRSE W 350 i} e ste T RAUHIRY ARRHLEHER flow
e L e Bl omemt  or esent I n the
L@ﬂﬂ]tiiﬁgnﬁﬂbmr particles had an intrinsic viscosity

t 4799 dl Fg,

a content of 25.4 w % and an ethyl ene

unit c ; % di | '
o 3O B 5 O SLPURE Ba D st e

beabitPeAdI e OMACYAR! tF 751 B Ya4REdBATO0 mm, air was

pol yneri zati on reactor)
fed to the particle bed in the same way as in Example 2 and the flow

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

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

state of the polypropylene particles was observed. In this example, the
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Aside fromchanging the foll ow ng reaction conditions,
propyl ene honopol yneri zation was carried out in the
same way as in 10Pol ynerization Step | of Exanple 10.
Triethylalum numfeed rate: 35.1 mmol /h

Cycl ohexyl et hyl di net hoxysi |l ane feed rate: 5 3 muol /h
Prepolynerlzatlon catalyst conponent slurry feed rate

fp@? ’? n c ﬁc %tmec&[:pAspg basi s)]al 0.56 Cfilarr]ld the
iR @%maf?gvﬁes ‘v‘w%éﬁ@ﬁ £x q%%k@} hary
The %iéngrﬂfi 5% n act | v %lwls ggé@% [ ?Eus

g@l had |ntr|n3|c VI scosnty of O 90 dl/g.
[82?3?" rization Step Il (propyl ene

BSW%%@F fhi) SRt B RHAS1gH e 0F 16 ?’gfaaéiﬁ?q?aﬁﬂ@?ee at the
B ed b ﬁ@é B taf g 40, S st ﬂ%ﬁﬁemdalr was
?[gﬂ tksf’h% e(%liﬁéz?%ednuf e/ Q&hezw%&oa{% il %)%ample 2 B Rl flow
B RShR BRI SRR, B IRY il the
oo BT BARA O Gl EBPTRL St prii, and the
bR g G AT I LBy s,
SR SOREHE R ISE SRR By, o o
REOVEI OPBLENRr, PRI iA eateh; E&ﬁﬁp@%ﬁ/tﬂ& ﬁ‘xé‘@érﬁer 30K of the

polymerlzatlon activrty meri zati on step

\wgtinder, 30Ricl it tuFh Sesififed il #9afativRIARKE %ﬁg}%ﬂﬂhe' Biticle

had an’intrinsic
bed peripheral to the spout. In addition, the spout forming position

was observed to change irregularly over time.
[0143] Example 9

Aside from setting the diameter d, of the gas inlet orifice at the
bottom end of the tubular baffle to 50 mm instead of 100 mm, air was
fed to the particle bed in the same way as in Example 5 and the flow
state of the polypropylene particles was observed. In this example, the
ratio ds/dg between the diameter d, of the gas inlet orifice and the
cylinder inside diameter dg was 0.10. The formation of a spouted bed,
although unstable, was confirmed in this example. That is, the spout
moved off-center, forming at a position other than the center axis of the
cylinder, which in turn resulted in a variation in the height of the particle

bed peripheral to the spout. In addition, the spout forming position
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10vi scosity of 0.97 dl/g. [0174] Polynerization Step
Il (propyl ene-ethyl ene copol ynerization with
fluidized bed reactor (gas phase pol ynerization))

Pol ypr opyl ene particles obtained from Pol ynerization

Step Il above were fed to a reactor having the sane
construction as the 15 fluidized bed reactor used in
Pon rization Step.l1l of Exanple 10. Propyl ene and

(e e orcart e et 1ol oc i et
[O?j%%(sn this.r acgf’ %{%ﬁﬁ%ﬁiﬁ?ﬁf{s% had a
mean réllshf‘deﬁql'a@lqﬁw GOIBPEOGESS CEITIqH QUp N ﬁa@mples 10 to
33 phdne Javeatondoinded s stam ?Eoﬁe%ﬁéaééafsé%’lib ip Which
vvas 80&9&%&2 coog{lgg,earﬁaco nent eéea,nfsplé)glgé({ﬁ)ed
Q%Eon%ﬁﬂj%yog’gﬂkt/\sp‘;%“%%@opé%cgﬁﬁ o 9B s fpmparative
%Elefp 9P bR o @Rﬁmﬁzﬁ@ﬂn el 0 i ghich
ﬁgﬁ%f@@ﬁp oRctigetion, wes Fo5URY AL Heingaelyisized bed
e Sk & bitRd ol 5T 1 pspbé?ﬁ%amomwon
RepqecFotd, a5 ihaRRafInIE 65 o 55 RSGHTER AELIGRY & step
A ?&Eéégﬁﬂfﬁl AT BREFEBE A55) ol U B fion
Al el ot i TRl Pod Eadith. "B FoRmaleh Ty and
@finparative Examples 1 to 3, the physical properties of the polymer

were measured and evaluated as described below.
[0145] (i) Intrinsic Viscosity (units: dl/g)

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

extrapolating the concentration to zero.
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equi pped in the reaction zone with a stirrer. [0178] A
slurry containing pol ypropyl ene particles and |iquid
propyl ene was fed intermttently fromthe slurry

pol yneri zation reactor of the previous stage to the
fluidized bed reactor as a plurality of divided 15
portions, in addition to which propyl ene and hydrogen

re continuously fed fromthe bottom of the reactor.
ﬁ%flﬂéﬁdilé&iﬁb’t@e\ﬂgltt@@ﬁ@ﬁy(W%d“m%hi n the reactor,
and prqpyl ene honopal yneri zati on, was carrjed out while
pur gi n&%&@gﬁéegaélmb cratent; was gletemninedcbyishgntR spgetrum

reaction conditjons were_as follows. 20Pol yrmeri zati on
{8 titk accerslanee) IRaspesingnemaasurement gogcribed on

ABRATLST RS ol ot vendbonl] laeos,
Ry oShBiem: £ Ak e htain Fetodane| it nepfers to
T o i el B S 2 1
TETR3) 5ol PP BRTHR 5 BTl i ferization
gﬁ§§%&%§F§ﬁgé&§2t?2L;? fluidized bed reactor (gas

The polymerization activities were calculated by dividing the
weight (g) of polymer produced in each polymerization step by the
weight (g) of the solid catalyst component fed to that polymerization
step.
[0148] (iv) Copolymer Component Content Fgp (units: wt %)

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

Fgp = Wgp/W; x 100
In the formula, W, stands for the total amount of polymer produced
(homopolymer component and copolymer component combined) per
unit time, and Wgp is the amount of copolymer component produced per
unit time in Polymerization Step (III).
[0149] (v) Intrinsic Viscosity of Polymer Produced in Respective
Polymerization Steps (units: dl/g)

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

viscosity [n]gp of the copolymer component produced in Polymerization
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Pol ypropyl ene particles obtained from Pol yneri zati on

Step Il above were fed to a reactor having the sane
construction as the fluidized bed reactor used in
Pol ynmeri zation Step 111 of Exanple 10. Aside from

setting the hold-up of the polynmer particles to 40 kg,
10 propyl ene and et hyl ene copol yneri zati on was carri ed
qut in the presence of  polypraopyl ene particles in the
e (W) weze pafoméatydéwng\ﬂi%fplgt\@glg farngalagx anpl e 10.
[0181] In_this reactor, the polynmer particles had a
f8dm resi hce tine of 2.2 hours. The pol yneri zati on

ctivity in_this polynerjzation step 15 was_7,040 g/qg.
Hiracopol (i ~BHooNeWe 6iGs éhWin) KKV rice WD e:
olymer particles ha n_intrinsic viscosity of 3.60
Il 5 Eilerm [1ak %W kk00oq [l salWimd HlDend S0k
tent of 33w % .The.results are. sho in Table |. .
f‘@ﬁs&q [nﬁhp APHINSIE VESEORITE @@b@@pymﬁ%m rPﬁygwr}zauon
ol mr opyl ene honopol yneri zati on using slurry
ﬁmf rization reactor) Pr opyl ene

onopol yner. zat i on. wa rri.ed out i he.sane \way as .
TR T30 RS iAoy cpifedo pt doliiier Rallowing Bolyfierition
légﬁﬁi zation Step Il (propyl ene honopol yneri zati on
S& ui di zed bed reactor (gas phase polynerization))

Dy 110t QisChafly PRI, SE P R Rl vt HtlypieHiation
Q‘%}ygﬁfz)l zation reactor of the previous stage to the
ﬁ I diZed bed reactor as a plurality of divided

&”’Zfllé-‘ Aottt FHGVRRE frddiRbd In PofferRaBAS R

Pt A ST RGPl e AER D G
PSSOV My RRIURC ool Pollhér CiinBofGHPfoduced in
ﬁé@g%&%é’?é%@ﬁ%ﬁ&ﬁ% s (ffxﬂ%q' nwE’%yrreri zation Step

Conparative Exa e reaction conditions

were ayheoéthgléne W0 LyiRmtZBL] Pnit&PHFasY 8F tRE polymer

component produced in Polymerization Step (III) was computed from
the following formula.

Egp =E;3 x 100/Fgp
Here, E; is the ethylene unit content (units: wt %) of the polymer
following Polymerization Step (III).

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

The polymer was fed to a T-die film-forming machine
(manufactured by Tanabe Plastics Kikai; T-die width, 100 mm)
equipped with a single-screw extruder having a screw diameter of 20
mm, and a 50 pm thick sheet was manufactured at a temperature of

210°C. The resulting sheet was placed on the platen of a scanner (GT-
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Pol yneri zati on pressure: 1.8 MPa (gauge pressure)
Circulating gas flow rate: 140 nB/h Propyl ene feed
rate: 20 kg/h Hydrogen feed rate: 1,150 NL/h

15Hol d-up: 46 kg [0184] In this reactor, the

pol ypropyl ene particles discharged had an intrinsic
ViSCOSIty of 0.91 dl/g. The polynerization act|V|ty in

. P bgat Y SEHET Bisen Cprporasforsasiplon | 500°dpi).

i\g ﬁg PoI t| onﬁmﬁﬂ%r@g&&ne et lfgmﬁibgand
a%{r%«?”ﬁ i °’%smr iR iRR) b Bleeliiss therbortwithythe
@ﬁ&hgavuaa i e Bl A AR E S ng dhe sppnner
8%?@?@53&%@0 ABERY s WO RORPE O ORAT é°f§ it an
m@%y%ﬁezﬂiée RS Bnfelt o 84 chibrlfr o€ oTHARK Sul-white
PEREEChhd Tl ol SEpliparftod S0THA cEhisuiAde, whh dlefized

?‘;%m. Hhade VG5 sotiRaRP (HiBUER" by A G Khidt ERgld¥efing

Corporatlon under the brand name “A-zo kun”®). Fisheyes were

'd

recognized as areas that are brighter than their surroundings. Because
the fisheyes were of indefinite shape, the size of each fisheye was
equated to the diameter of a circle of the same surface area, and the
number of fisheyes having a diameter of 200 pm or more was
determined. The fisheye count was the number of such fisheyes per
100 cm? of the sheet.
[0152] Example 10
Prepolymerization

A 3-liter stainless steel autoclave equipped with a stirrer was
charged with 1.5 L of thoroughly dehydrated and deaerated n-hexane,
375 mmol of triethylaluminum and 3.75 mmol of
cyclohexylethyldimethoxysilane. To this was added 15 g of a solid
catalyst component, following which 15 g of propylene was
continuously fed in over a period of about 30 minutes while holding the
temperature within the autoclave at about 10°C, thereby carrying out
prepolymerization. The prepolymerization slurry was then transferred

to a stirrer-equipped 150-liter autoclave made of SUS 316L stainless
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5 was 7,540 g/ g. The copol yner conponent present in

the resulting polyner particles had an intrinsic
viscosity of 4.11 dl/g, a content of 24.4 wt % and an

et hyl ene unit content of 32 wt % The results are

shown in Table 1. [0187] Conparative Exanple 3

10Pol yneri zation Step | (pol ypropyl ene

homopol yneri zation using slurry pol ynerization .
iséegdt @nd 100 LPoﬁpidlqemg hutamgowareraddad, othevgby giving a
carried oyt in the sanme way as in Polynerization Step
Iprepokyaerizatian . catalyst coptp@wnt pslymsr i zTheosolideratalyst
(propyl ene hgonopol yneri zation by 15fl ui di zed bed .
compeonentgwedvas enp proparedAyt thengame method as thet described

SIS 09K ko e o bt -oen o
STSAGELL2", Lo o B s e L
TEESSE Bt o) (RSl ot hin

IrS act A fl ujP.di zed bed was thereby forned within the
0
out wh

?PF),IYIQﬁB‘ZB 168y FPaFHOThonopol yneri zation was carri ed
const a Hr Sp%gi ﬂ@@@’é@ffrﬁgﬁ%ﬂt@ﬁ s‘g%l% %éﬁg‘il g}&f lfs(lﬁig s stirrer-
i A B S OB Shel of
356 55 SORLE B0 VT OB R Grried ou
S Gy A S o8BI RO i,
cyclohexylethyldimethoxysilane and the prepolymerization catalyst
component slurry into the reactor. The reaction conditions were as
follows.

Polymerization temperature: 70°C

Stirring speed: 150 rpm

Liquid level in reactor: 18 L

Propylene feed rate: 25 kg/h

Hydrogen feed rate: 215 NL/h

Triethylaluminum feed rate: 45.3 mmol/h
Cyclohexylethyldimethoxysilane feed rate: 6.6 mmol/h
Prepolymerization catalyst component slurry feed rate (polymerization
catalyst component basis): 0.557 g/h

Polymerization pressure: 4.1 MPa (gauge pressure)

[0154] In this reactor, the slurry had a mean residence time of 0.29
hour, and polypropylene particles were discharged at a rate of 2.67 kg/h.
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5Hol d-up: 57 kg [0189] In this reactor, the

pol ypropyl ene particles dischyged had an intrinsic
viscosity of 0.93 dl/g. The polynerization activity in
this polynerization step was 14,200 g/ g, which was | ow
conpared to Polynerization Step Il of Exanple 12.

10[ 0190] Pol ynerization Step |1l (propyl ene-ethyl ene
copol yrmeri zation with fluidi zed bed reactor (gas phase

pthey pelymaerizatipn activity Holtlyisrpplyeeréezateon stepewas 4,790 g/g.
obtai ned from Pol ynerization Step Il above were fed to
al'he polypropylenegpatixles obtained thadcan antrinsic vascosity of 0.93
fluidized bed reactor used in Polynerization Step |11
afl/gExampl e 10. 15 Aside fromsetting the hol d-up of

t he polynmer particles to 65 kg, propylene and ethyl ene
c[B;bég]/ rfélym*lzaﬁonasStcpr Il e fprapylenre t hemopelgmesizetion by
pol yprogyl ene particles in the sang way as in

mpoyitas bedireantor(gas-phasegpolpmentzation)) [0191] In this

reactor, the pol yner particles had a nean residence .
time 20\ spouted bed reactonbaymg kwpi reaction zenes\iny the; vertical

o 51038 hrat i Vs o b g oBE e
Jor ofsh; ' shhes fabular dericerind lalleciomsHerermadovet HUS 304
é?g&ﬁe%i“g'}éé, @F;i%lissg%a%fis nfu-{l% Ie bly blzﬁls"l[ix(l)éL 9a2t]a -!g_fai?ls?zel of 300),
and the material making up the rest of the reactor was SUS 316 (with
surfaces finished by buffing at a grit size of 300). This reactor was
converted for use here from a fluidized bed reactor with stirrer. That
is, the stirrer and gas dispersion plate within the original reactor were
taken out and, in their place, combinations of a tubular baffle and a
deflector were installed coaxially at each of two stages in tﬁe vertical
direction. The tubular baffles and deflectors used here had the same
shape and size as those used in Example 3.

[0156] A slurry containing polypropylene particles and liquid propylene
was fed intermittently in a plurality of divided portions from the slurry
polymerization reactor in the preceding step to the top reaction zone in
the spouted bed reactor. The slurry polymerization reactor and the
spouted bed reactor are connected via a line, and the amount of slurry
fed to the spouted bed reactor is regulated by an on-off valve provided
on this line.

[0157] The following two slurry feeding methods were tried when
feeding the slurry to the top reaction zone of the spouted bed reactor.
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ICE 2 EX 12 ICE 3 Polynerization Step | Pol ynerization
activity g/g 4,790 11,200 8,710 Intrinsic viscosity
[Tamdlig 0.93 0.92 0.9

In one method, the slurry was fed into the reaction zone from a higher
position than the powder level of the spouted bed. In the other
method, the slurry was fed into a position lower than the powder level
of the spouted bed; that is, directly into the particle bed. It was
confirmed that the slurry can be fed without difficulty by either method.
Moreover, it was learned from these tests that, when the method of
feeding the slurry directly into the particle bed is used, feeding the
slurry intermittently at a frequency of about 100 times per hour and thus
making the amount of slurry fed at one time small is effective for
maintaining the flow state of the spouted bed. Limiting the feed rate of
the slurry makes it possible to keep the superficial velocity following
gasification of the liquid propylene present in the slurry from exceeding
the minimum fluidization velocity in the reaction zone. This
presumably makes it possible to suppress fluctuations within the system
associated with gasification of the liquid propylene, increasing the
stability of the flow state in the spouted bed. Another advantage of
feeding the slurry directly to the particle bed is that the latent heat of
vaporization from the gasification of propylene can be used particularly
effectively to remove the heat of polymerization. The results shown in
Table 1 were obtained, in Examples 10 and 11 and in Comparative
Examples 1 to 3, for polymers obtained using the method in which the
slurry is fed directly to the particle bed. In Examples 12 and 13, the
results were obtained for polymers obtained using the method in which
the slurry is fed from a position higher than the powder level of the
particle bed.

[0158] The spouted bed reactor used in the present example has an
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Pol yneri zation Step!! Tenperature C 80 80 80 80 70 70
Pol ynmeri zation activity g/g 21,900 16, 600 13, 600

ejector-based transferring means (see FIG. 4).  This transferring means,
which is designed to transfer polypropylene particles from the upper
reaction zone to the lower reaction zone, includes a particle removing
line with an on-off valve, an ejector and a particle feeding line.
Moreover, 10 vol % of the circulating gases (gases discharged from the
top of the spouted bed reactor) were fed as a gas for operating the
ejector. In addifion, 1 vol % of the cifculating gases were fed to the
upstream and downstream sides of the on-off valve on the particle
removing tube to prevent obstruction. It was confirmed that, by
feeding this obstruction-preventing gas to both the upstream and
downstream sides of the on-off valve, clogging can be more reliably
prevented than when such a gas is fed only to the upstream side or the
downstream side alone.

[0159] Propylene and hydrogen were continuously fed from the bottom
of the spouted bed reactor having the above construction. In this way,
a spouted bed was formed in each of the top and bottom reaction zones,
in addition to which propylene homopolymerization was carried out
while purging excess gas to keep the pressure constant. The reaction
conditions were as follows.

Polymerization temperature: 80°C

Polymerization pressure: 1.8 MPa (gauge pressure)

Circulating gas flow rate: 140 m*/h

Propylene feed rate: 20 kg/h

Hydrogen feed rate: 1,150 NL/h

Polypropylene particle hold-up: 60 kg (top stage, 30 kg; bottom stage,
30 kg).
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12,900 15,300 14,200 Intrinsic viscosity [I]n dig
0.93 0.96 0.9 0.91 0.97 0.93 Tenperature C

[0160] In this reactor, the polypropylene particles had a mean residence
time of 4.6 hours, the concentration ratio of the gases within the reactor
(hydrogen/(hydrogen + propylene)) was 10.4 mol %, and the polymer
particle discharge rate was 14.9 g/h. The polymerization activity in
this polymerization step was 21,900 g/g. The polypropylene particles
obtained had an intrinsic viscosity of 0.93 dl/g.

[0161] Polymerization Step III (propylene-ethylene copolymer obtained
with fluidized bed reactor (gas-phase polymerization))

The polypropylene particles discharged from the spouted bed
reactor in the previous stage were fed continuously to a fluidized bed
reactor (capacity, 980 L). The fluidized bed reactor was made of SUS
316L stainless steel (the inside surface of the reactor and the surfaces of
the interior components were finished by buffing to a grit size of 300).
The reactor was equipped with a gas dispersion plate and a stirrer.
[0162] Propylene, ethylene and hydrogen were continuously fed to this
fluidized bed reactor, and propylene and ethylene copolymerization was
carried out in the presence of polypropylene particles while purging
excess gas to hold the pressure constant. The reaction conditions were
as follows.

Polymerization temperature: 70°C
Polymerization pressure: 1.4 MPa (gauge pressure)
Circulating gas flow rate: 140 m’/h

Propylene feed rate: 34 kg/h

Ethylene feed rate: 7.3 kg/h

Hydrogen feed rate: 49 NL/h

Polymer particle hold-up: 55 kg
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80 80 80 80 70 70 Polymerization Step I11
Pol ynmeri zation activity g/g 10,300 7,040 8,470 7,540

10, 800 10, 500

[0163] In this reactor, the polymer particles had a mean residence time
of 2.7 hours. The gases within the reactor had the following
concentration ratios: ethylene/(propylene + ethylene), 27 mol %;
hydrogen/(hydrogen + propylene + ethylene), 0.79 mol %. The
polymer particle discharge rate was 20.6 kg/h. The polymerization
activity in this polymerization step was 10,300 g/g. The copolymer
component in the polymer particles obtained had an intrinsic viscosity
of 4.08 dl/g, a content of 27.9 wt %, and an ethylene unit content of 33
wt %. The results are shown in Table 1.

[0164] Example 11

Polymerization Step I (propylene homopolymerization using slurry
polymerization reactor)

Aside from changing the following reaction conditions,
propylene homopolymerization was carried out in the same way as in
Polymerization Step I of Example 10.

Reactor fluid level: 30 L

Propylene feed rate: 16 kg/h

Hydrogen feed rate: 137 NL/h

Triethylaluminum feed rate: 37.8 mmol/h
Cyclohexylethyldimethoxysilane feed rate: 5.6 mmol/h
Prepolymerization catalyst component slurry feed rate (polymerization
catalyst component basis): 0.591 g/h

[0165] In this reactor, the slurry had a mean residence time of 0.84
hour, and the rate at which the polypropylene particles were discharged
was 6.61 kg/h.  The polymerization activity in this polymerization step
was 11,200 g/g. The polypropylene particles thus obtained had an
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Copol ynmer conponent content Fm w % 27.9 26.1 25.4
24.4 30.9 27.9 Intrinsic viscosity [ItIEp dig 4.08
3.6 4.99

intrinsic viscosity of 0.92 dl/g.
[0166] Polymerization Step II (propylene homopolymerization by
spouted bed reactor (gas phase polymerization))

The polypropylene particles obtained in Polymerization Step I
were fed to a reactor having the same construction as the spouted bed
reactor used in Polymerization Step II of Example 10. Aside from
setting the polypropylene particle hold-up to 46 kg (top stage, 23 kg;
bottom stage, 23 kg), propylene homopolymerization was carried out in
the same way as in Polymerization Step II of Example 10.

[0167] In this reactor, the polypropylene particles had a mean residence
time of 3.1 hours. The rate of polypropylene particle discharge was
14.7 kg/h.  The polymerization activity in this polymerization step was
13,600 g/g. The resulting polypropylene particles had an intrinsic
viscosity of 0.90 dl/g.

[0168] Polymerization Step III (propylene-ethylene copolymerization
with fluidized bed reactor (gas phase polymerization))

The polypropylene particles obtained from Polymerization Step
II above were fed to a reactor having the same construction as the
fluidized bed reactor used in Polymerization Step III of Example 10.
Aside from setting the hold-up of the polypropylene particles to 60 kg,
propylehe and ethylene copolymerization was carried out in the
presence of polypropylene particles in the same way as in
Polymerization Step III of Example 10.

[0169] In this reactor, the polymer particles had a mean residence time
of 3.1 hours. The polymer particles were discharged at a rate of 19.7

kg/h. The polymerization activity in this polymerization step was

66



10

15

20

25

4.11 4.3 4.2 Ethylene unit content BE> W % 33 33 38
32 32 33 Evaluation of final polynmer Intrinsic
Vi scosity

8,470 g/g. The copolymer component present in the resulting polymer
particles had an intrinsic viscosity of 4.99 dl/g, a content of 25.4 wt %,
and an ethylene unit content of 38 wt %. The results are shown in
Table 1.

[0170] Example 12

Polymerization Step I (polypropylene homopolymerization using shurry
polymerization reactor)

Aside from changing the following reaction conditions,
propylene homopolymerization was carried out in the same way as in
Polymerization Step I of Example 10.

Triethylaluminum feed rate: 35.1 mmol/h
Cyclohexylethyldimethoxysilane feed rate: 5.3 mmol/h
Prepolymerization catalyst component slurry feed rate (polymerization
catalyst component basis): 0.566 g/h

[0171] In this reactor, the slurry had a mean residence time of 0.79
hour, and the rate at which the polypropylene particles were discharged
was 4.93 kg/h.  The polymerization activity in this polymerization step
was 8,710 g/g. The polypropylene particles thus obtained had an
intrinsic viscosity of 0.90 dl/g.

[0172] Polymerization Step II (propylene homopolymerization by
spouted bed reactor (gas phase polymerization))

The polypropylene particles obtained in Polymerization Step 1
were fed to a reactor having the same construction as the spouted bed
reactor used in Polymerization Step II of Example 10. Aside from
changing the following reaction conditions, propylene

homopolymerization was carried out in the same way as in
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dig 1.81 1.65 1.94 1.69 1.72 1.81 Ethylene unit
content wt %9.1 8.6 9.5 7.9 10

Polymerization Step II of Example 10.

Polymerization temperature: 70°C

Hydrogen feed rate: 1,360 NL/h

Polypropylene particle hold-up: 57 kg (top stage, 28.5 kg; bottom
stage, 28.5 kg)

[0173] In this reactor, the polypropylene particles had a mean residence
time of 4.2 hours. The rate of polypropylene particle discharge was
13.6 kg/h. The polymerization activity in this polymerization step was
15,300 g/g. The resulting polypropylene particles had an intrinsic
viscosity of 0.97 dl/g.

[0174] Polymerization Step III (propylene-ethylene copolymerization
with fluidized bed reactor (gas phase polymerization))

Polypropylene particles obtained from Polymerization Step II

above were fed to a reactor having the same construction as the
fluidized bed reactor used in Polymerization Step III of Example 10.
Propylene and ethylene copolymerization was thereby carried out in the
presence of polypropylene particles in the same way as in
Polymerization Step III of Example 10.
[0175] In this reactor, the polymer particles had a mean residence time
of 3.6 hours. The polymer particles were discharged at a rate of 19.7
kg/h. The polymerization activity in this polymerization step was
10,800 g/g. The copolymer component present in the resulting
polymer particles had an intrinsic viscosity of 4.30 dl/g, a content of
30.9 wt %, and an ethylene unit content of 32 wt %. The results are
shown in Table 1.

[0176] Comparative Example 1
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9.3 Fi sheye count count/ 100 cnR2 3, 648 4, 739

Polymerization Step I (polypropylene homopolymerization using slurry
polymerization reactor)

Propylene homopolymerization was carried out in the same way
as in Polymerization Step I of Example 10.
[0177] Polymerization Step II (propylene homopolymerization by
fluidized bed reactor (gas phase polymerization))

A fluidized bed reactor (capacity, 1,440 L; inside diameter, 500
mm) was furnished for use. This reactor was made of SUS 316L
stainless steel (with the inside surface of the reactor and the surfaces of
internal components finished by buffing to a grit size of 300), and
equipped in the reaction zone with a stirrer.
[0178] A slurry containing polypropylene particles and liquid propylene
was fed intermittently from the slurry polymerization reactor of the
previous stage to the ﬂﬁidized bed reactor as a plurality of divided
portions, in addition to which propylene and hydrogen were
continuously fed from the bottom of the reactor. A fluidized bed was
thereby formed within the reactor, and propylene homopolymerization
was carried out while purging excess gas to hold the pressure constant.
The reaction conditions were as follows.
Polymerization temperature: 80°C
Polymerization pressure: 1.8 MPa (gauge pressure)
Circulating gas flow rate: 140 m’/h
Propylene feed rate: 20 kg/h
Hydrogen feed rate: 1,150 NL/h
Hold-up: 60kg
[0179] In this reactor, the polypropylene particles discharged had an
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2,315 2,866 879 2,392 [0193] Exanple 13
Pol ynmeri zation Step |1-1 (propyl ene honopol yneri zati on
using slurry polynerization reaction) 5Aside from
changing the follow ng reaction conditions, propylene
honopol yneri zati on was carried out in the sane way as

in Polynerization Step | of Exanple 10. Pol ynerization
tenperature: 78C P@gl ene feed rate: 20 kg/h i
notyasio gerscosityl 0fa06 1dite.NLThe Tpobirhetization raotivigedn this
rate: 39.9 mmol /h Cycl ohexyl et hyl di net hoxysi | ane feed
ralymesizatiomoistep Pvapol §.600i gig, ovhicht avasslowopmpared to
slurry feed rate &polﬂé‘rreri zation catal yst conponent
RelysieriztionsSigpt ampld 0t i on pressure: 4.5 MPa
(gauge pressure), [0194] In this reactor, the slurry_ .
HRASA] Ralymesisationc Step il dpropylene-ethylene copolymetization
with fluidized bed reactor (gas phase polymerization))

Polypropylene particles obtained from Polymerization Step II
above were fed to a reactor having the same construction as the
fluidized bed reactor used in Polymerization Step III of Example 10.
Aside from setting the hold-up of the polymer particles to 40 kg,
propylene and ethylene copolymerization was carried out in the
presence of polypropylene particles in the same way as in
Polymerization Step III of Example 10.

[0181] In this reactor, the polymer particles had a mean residence time
of 2.2 hours. The polymerization activity in this polymerization step
was 7,040 g/g. The copolymer component present in the resulting
polymer particles had an intrinsic viscosity of 3.60 dl/g, a content of
26.1 wt %, and an ethylene unit content of 33 wt %. The results are
shown in Table 1.

[0182] Comparative Example 2

Polymerization Step I (polypropylene homopolymerization using slurry
polymerization reactor)

Propylene homopolymerization was carried out in the same way
as in Polymerization Step I of Example 11.

[0183] Polymerization Step II (propylene homopolymerization by
fluidized bed reactor (gas phase polymerization))

A slurry containing polypropylene particles and liquid propylene
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hour, and the rate at which the pol ypropyl ene

particles were di scharged was 3.65 kg/ h. The

pol ynmeri zation activity in this polynerization step

was 3,770 g/ g. The pol ypropyl ene particles thus

obtained had an intrinsic viscosity of 0.92 dl/g.

[0195] Polynerization Step 1-2 (propyl ene
honopol yneri zation using slurry polynerization

rwag tfed) irgemmittanily yiroms theashuy f pelymdrizatioc treacton of the
the previous stage was directly fed into a 163-liter
gus¥iqus: stsgestaithe fluidized hedaceaator esuappledaliiyt lofadivided
stirrer and made. of SUS 304 stainless steel, and
MSHPNEnelhoadgdBigneito zavhish wpropydens eandut hydnogent were

inte,rruptiogédThe reaction conditions were as follows.
Yz

siomghgehattomeot theoraacton: i nd flaidized bed was

o e s Bl Bt sion
RS oSSy A R b kA 2L st
S re8or e, theiseriso GRaRCHEY a5 the Esitapd, bed Feasior used
8 bk b eeB e el St he e rcton
LondittOH hidre as follows.
Polymerization temperature: 80°C
Polymerization pressure: 1.8 MPa (gauge pressure)
Circulating gas flow rate: 140 m’/h
Propylene feed rate: 20 kg/h
Hydrogen feed rate: 1,150 NL/h
Hold-up: 46 kg
[0184] In this reactor, the polypropylene particles discharged had an
intrinsic viscosity of 0.91 dl/g. The polymerization activity in this
polymerization step was 12,900 g/g, which was low compared to
Polymerization Step II of Example 11.
[0185] Polymerization Step III (propylene-ethylene copolymerization
with fluidized bed reactor (gas phase polymerization))

Polypropylene particles obtained from Polymerization Step II
above were fed to a‘ reactor having the same construction as the
fluidized bed reactor used in Polymerization Step III of Example 11.

Aside from setting the hold-up of the polymer particles to 65 kg,

propylene and ethylene copolymerization was carried out in the
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[0197] Pol ynerization Step 1-3 (propyl ene
honmopol ynmeri zati on using slurry pol ynerization .
react or) The propyl ene particles obtained in
above Polynerization Step 1-2 were fed to a reactor
havi ng the same construction as the slurry

25pol yneri zation reactor used in Polynerization Step

1-2. Aside from . . )
dHEsRNGeyt BEF Molppranylenet ipsrdelesi tinonthepr spkeenway as in
honopol yneji zati on._was_ carried out in the sane way as
oly

By zatemdepi Hhof &xasple hl.2. Pol yneri zati on

t ture: 69C Propylene feed rate: 0 kg/h 5Hydrogen
10486} dnhisreactor, ithe pedymezmasticlesdiad a anean gesilence time

i 4 . - o amerisation aoibiithourthispalymerizaion step
R RSN A T
S e, S0 SO ML P e e
2t Wi o P ienes ol st OF S i goBh Rasts are
RROWIR Tl |

[0187] Comparative Example 3

Polymerization Step I (polypropylene homopolymerization using slurry
polymerization reactor)

Propylene homopolymerization was carried out in the same way
as in Polymerization Step I of Example 12.

[0188] Polymerization Step II (propylene homopolymerization by
fluidized bed reactor (gas phase polymerization))

A slurry containing polypropylene particles and liquid propylene
was fed intermittently from the slurry polymerization reactor of the
previous stage to the fluidized bed reactor as a plurality of divided
portions, in addition to which propylene and hydrogen were
continuously fed from the bottom of the reactor. A fluidized bed was
thereby formed within the reactor, and propylene homopolymerization
was carried out while purging excess gas to hold the pressure constant.
This reactor had the same construction as the fluidized bed reactor used
in Polymerization Step II of Comparative Example 1. The reaction
conditions were as follows.

Polymerization temperature: 70°C
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Pol ypropyl ene particles obtained from Pol yneri zati on
Step 1-3 15 above, and al so propyl ene, ethylene and
hydrogen, were fed to a reactor having the sane
construction as the spouted bed reactor used in

Pol yrmeri zation Step Il of Exanple 10. In this way, a
spout ed bed was fornmed in each of the top and bottom
reaction zones, in addition to which the

dRalymerizaition: pressurie: prbofWPad gangde gressdueer was carri ed

out 20in the presence of po]ypropylene particles while

irgilating.gasslowarate:o k4@mihe pressure constant. The
reaction conditions were as follows. Polynerization

tPropyleneuieed ratc P30 kghi zati on pressure: 1.4 Mra

auge pressure) Crculating gas flow rate: 150 n8/h
ndeedratey r 5860 NE/lkg/ h Ethyl ene feed rate:

10.3 kg/h drogen feed rate: 85 NL/h Hol d-up: 55 kg
Held-apagé7 Ky . 5 kg; bottom stage, 27.5 kg). [0200] In
15 B3 e ol s s hd an
e ko e i o in i
e (T LA P
HelpbistiBonsdenh of Braalbck mor component | ncl uded
L8107 PRE BB S s gt C5aE0e by mstontion
Wi B Al oS Bt ¢ e
Polypropylene particles obtained from Polymerization Step II
above were fed to a reactor having the same construction as the
fluidized bed reactor used in Polymerization Step III of Example 10.
Aside from setting the hold-up of the polymer particles to 65 kg,
propylene and ethylene copolymerization was carried out in the
presence of polypropylene particles in the same way as in
Polymerization Step III of Example 12.
[0191] In this reactor, the polymer particles had a mean residence time
of 3.4 hours. The polymerization activity in this polymerization step
was 10,500 g/g. The copolymer component present in the resulting
polymer particles had an intrinsic viscosity of 4.20 dl/g, a content of
27.9 wt %, and an ethylene unit content of 33 wt %. The results are

shown in Table 1.

[0192] Table 1
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[0201] Table 2 Unit Exanple 13 Pol ynerization Step
| -1 Polymerization activity g/g 3,770 Intrinsic
viscosity Drilpi i dUg 0.92 Polynerization Step 1-2

Unit EX10 |CE1 [EX11 JCE2 [EX12 JCE3
Polymerization |Polymerization activity  |g/g 4,790 11,200 8,710
Step1 Intrinsic viscosity [n]y, |dlg 0.93 0.92 0.9
Temperature °C 80 80 80 80 70 70
Polymerization [Polymerization activity |g/g 21,900 {16,600 |13,600 112,900 {15,300 }14,200
Step II Intrinsic viscosity [n],, |dl/g 0.93 1096 |0.9 091 1097 |0.93
‘Temperature °C 80 80 80 80 70 70
Polymerization activity  |g/g 10,300 |7,040 8,470 }7,540 10,800 |10,500
Polymerization JCopolymer component  |wt % 27.9 [26.1 254 244 309 |279
content Fgp
Step IT Intrinsic \;scosity Mlee [dlVg 4.08 3.6 499 411 |43 4.2
Ethylene unit content Eg, Jwt % 33 33 38 32 32 33
Evaluation of |Intrinsic viscosity di/g 1.81 |1.65 {1.94 }1.69 |1.72 [1.81
final polymer |Ethylene unit content wt % 19.1 8.6 9.5 79 10 9.3
Fisheye count count/100 cm®  |3,648 4,739 2,315 [2,866 [879  [2,392

[0193] Example 13
Polymerization Step I-1 (propylene homopolymerization using slurry
polymerization reaction)

Aside from changing the following reaction conditions,
propylene homopolymerization was carried out in the same way as in
Polymerization Step I of Example 10.

Polymerization temperature: 78°C

Propylene feed rate: 20 kg/h

Hydrogen feed rate: 169 NL/h

Triethylaluminum feed rate: 39.9 mmol/h
Cyclohexylethyldimethoxysilane feed rate: 5.7 mmol/h
Prepolymerization catalyst component slurry feed rate (polymerization
catalyst component basis): 0.968 g/h

Polymerization pressure: 4.5 MPa (gauge pressure)

[0194] In this reactor, the slurry had a mean residence time of 0.31
hour, and the rate at which the polypropylene particles were discharged
was 3.65 kg/h.  The polymerization activity in this polymerization step
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Pol ynmeri zation activity g/g 6,830 Intrinsic viscosity
[t1]P1.2 dlI/g 0.92 Polynerization Step 1-3

Pol yneri zation activity g/g 4,900 Intrinsic viscosity
[n]pl _3 dl/g 0.92

was 3,770 g/g. The polypropylene particles thus obtained had an
intrinsic viscosity of 0.92 dl/g.
[0195] Polymerization Step I-2 (propylene homopolymerization using
slurry polymerization reactor)

The slurry discharged from the reactor in the previous stage was
directly fed into a 163-liter Bessel-type slurry polymer reaction
equipped with a stirrer and made of SUS 304 stainless steel, and
propylene homopolymerization was carried out without interruption.
The reaction conditions were as follows.

Polymerization temperature: 76°C

Stirring rate: 150 rpm

Liquid level in reactor: 44 L

Propylene feed rate: 10 kg/h

Hydrogen feed rate: 50 NL/h

Polymerization pressure: 4.0 MPa (gauge pressure)

[0196] In this reactor, the slurry had a mean residence time of 0.68
hour, and the rate of polypropylene particle discharge was 10.3 kg/h.
The polymerization activity in this polymerization step was 6,830 g/g.
The resulting polypropylene particles had an intrinsic viscosity of 0.92
dl/g.

[0197] Polymerization Step I-3 (propylene homopolymerization using
slurry polymerization reactor)

The propylene particles obtained in above Polymerization Step
I-2 were fed to a reactor having the same construction as the slurry
polymerization reactor used in Polymerization Step I-2. Aside from

changing  the  following reaction  conditions,  propylene
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Pol yneri zation Step Il Polynerization activity g/g
2,890 Copol yner conponent content PEP wt % 15.7
Intrinsic viscosity [ifiEp Wg 3.79 Ethylene unit
content PEP VEE %

homopolymerization was carried out in the same way as in above
Polymerization Step I-2.

Polymerization temperature: 69°C

Propylene feed rate: 0 kg/h

Hydrogen feed rate: 0 NL/h

Polymerization pressure: 3.8 MPa (gauge pressure)

[0198] In this reactor, the slurry had a mean residence time of 0.61
hour, and the rate of polypropylene particle discharge was 15.0 kg/h.
The polymerization activity in this polymerization step was 4,900 g/g.
The resulting polypropylene particles had an intrinsic viscosity of 0.92
dl/g.

[0199] Polymerization Step III (propylene-ethylene copolymerization
with spouted bed reactor (gas phase polymerization))

Polypropylene particles obtained from Polymerization Step I-3
above, and also propylene, ethylene and hydrogen, were fed to a reactor
having the same construction as the spouted bed reactor used in
Polymerization Step II of Example 10. In this way, a spouted bed was
formed in each of the top and bottom reaction zones, in addition to
which the copolymerization of propylene and ethylene was carried out
in the presence of polypropylene particles while purging excess gas to
keep the pressure constant. The reaction conditions were as follows.
Polymerization temperature: 70°C
Polymerization pressure: 1.4 MPa (gauge pressure)

Circulating gas flow rate: 150 m*/h
Propylene feed rate: 25 kg/h
Ethylene feed rate:  10.3 kg/h
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35.7 Evaluation of final polynmer Intrinsic viscosity
dl/g 1.37 Ethylene unit content t %5.6 WHAT IS
CLAI MED | S: 1. A spouted bed-type olefin

pol ymeri zation reactor conprising: a cylinder which
extends vertically; and

Hydrogen feed rate: 85 NL/h

Hold-up: 55 kg (top stage, 27.5 kg; bottom stage, 27.5 kg).

[0200] In this reactor, the polymer particles had a mean residence time
of 2.8 hours, and the concentration ratios of the gases within the reactor
were as follows: ethylene/(propylene + ethylene), 27 mol %;
(hydrogen/(hydrogen + propylene + ethylene), 0.67 mol %. The
polymer particle discharge rate was 17.8 g/h. The polymerization
activity in this polymerization step was 2,890 g/g. The copolymer
component included in the polymer particles thus obtained had an
intrinsic viscosity of 3.79 dl/g, a content of 15.7 wt %, and an ethylene
unit content of 35.7 wt %. The results are shown in Table 2.

[0201]

Table 2
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5a decreasing dianeter nenber which is formed on the

cyl i nder,
progressively

a bottom end thereof,
are formed inside a plurality of

downwar d,

has an inside dianmeter that decreases
and has a gas inlet orifice at
wher ei n spout ed beds
reaction zones

encl osed by an inside surface of the decreasing

di ace of the

clyl i nder above the decreasi ng di anet er| aitbEExa@pi:
erein polyolefin particles pass sequentially t rough

tihe reaction zones. 2. The olefip poI yh®ri zati gn

rg@éﬁtor Oof _CI I, wherein_ 15 the pl ra|| g of

r| Ly msHZation S Pabvacrzafion ack¥HYi n a ver#Bcal 3730 and

tihgefgliyol ef i prparti cl.es s,sequenti@a an

L nneﬁ rgactl 0 IIR ge Véscé’sﬁgaﬂ Plﬂgacti on ‘!ué%n 097 3.

They or of c| gi,m 2,

furtghrflggé%gpm&%&gﬂ i &&f ransfery Png ’350

pcﬂtypl[-@fl n parlmﬁhﬁa Vﬁg@g}@qn}m§t ream sdlyg r@ggtl on
one—to=a UUV Streamst uc Feact+on l_unLe. T Th

qiRsflymerizationey Polymiesizationactivitpf cl ai mgg wh@,%()n t hd
gﬁnsg rring ans _Cconprises a partiche renpving tine

P &rovi ng | bripypeyiscesity [plmsi cl es [fdlign | H82

pstream si de action.zone n ejectgr proy on
he particle [ ‘ﬁﬁmeﬁ’&aflf’ﬁéwﬁ‘é a part |5{E %ggang

TTFF—FFf——hI-F

COPaCAREL CopPke! bl ke PR ST e T
)(SItngHi[l zati oFgpeactor of claim4, whgrein
Intrinsic viscosity [n]gp di/g |3.79
Ethylene unit content Egp wt % | 35.7
Evaluation of | Intrinsic viscosity di/g | 1.37
| final polymer | Ethylene unit content wt% | 5.6
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the transferring neans further conprises an on-off

val ve provided at an 5 internediate position on the
particle renoving line, and a gas feeding |ine which
conmuni cates with the particle renmoving |line on both

an upstream si de and a downstream si de of the on-off

VAT ATASICTI oM ED §8s to prevent clogging within the
particle renoving Tine. 106. The ol efin polymerization
reactorj.of claAi utehebednypee dlefimst polymeripstiams irsactor
a downconer whi ch passes through the decreasing
dicanptisingrenber and all ows the polyolefin particles to
fall fromthe upstream side reaction zone to the

downst r eam sialeylirdet whiclz extends verticalpgl aml ef i n
production process which conprises carrying out olefin
pol ymeri zat i an deyreasing diamptart menileet- wpeh of dbimed on the
pol ymerization reactor to forma spouted bed of

poylymdeaf has parinsidesdianictér that deeseases pregrassivabydomaiward,
the spouted bed-type olefin polynerization reactor
camphis agas inldti ¢ aha bottem endshereofj cal | y; and a
decreasi ng di aneter nmenber which is forned on the )

cyl i nder, haswherdinsspinted doesdsepre Harmedcinsidaeg plurality of
progressively dowward, and_ has a gas iplet orifice, at
arcastivormanes envdesest by ameimside sueace oditba desreasing diameter

formed 25 _.inside the reaction zone, epcl osed by a .
i menalecrs andaar ipsidesuHase «okithe %ﬁm@@%@bmﬁé@ @@ﬁeasmg
an, i nside surface of the cyli ?delr above, tlhe decr easi ng,
ofiameeter member, and wherein' polyolefin,Raftigles s cicsuientially

pol yneri zation. reactor has a plurality of the reaction
z @Eggﬁéeﬁﬁ%ﬁgﬁhz9ﬂ%ipolonefin particles pass
sequentially through the reaction zones. 58. A
pol yol efi n production process which conprises carrying

ol'ef i ol yeT S aoieb pLRr O Rt hE TRt L Rherein
F s Byl B BEBAIATE Bl bfb S RERIGE f 8 ort8RFEG hnd the

polyolefin particles pass sequentially from an upper reaction zone toa

lower reaction zone.

3. The olefin polymerization reactor of claim 1 or 2, further
comprising means for transferring the polyolefin particles from an

upstream-side reaction zone to a downstream-side reaction zone.

4, The olefin polymerization reactor of claim 3, wherein
the transferring means comprises a particle removing line for removing
polyolefin particles from the upstream-side reaction zone, an ejector
provided on the particle removing line, and a particle feeding line for

feeding polyolefin particles from the ejector to the downstream-side
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10 reactor conprises a cylinder which extends

vertically; and a decreasing dianeter nenber which is
formed on the cylinder, has an inside dianeter that
decreases progressively dowward, and has a gas inl et
orifice at a bottomend thereof, wherein the spouted
weakction Zoneed i nsi de the reaction zone encl osed by an

i nside surface of the decreasing 15di aneter nenber and
an inside surface of the cylinder above the decreasing

di aneter menber, the polyolefin production process

conpri $i.ng t Aéhes oden gfolyomerizaticouseactoradi clgiml 4f iwherein
to the olefin polynerization 20 reactor and at the
dhedransferrmgmeansulirther @omypnsesaag an-egnealvaiprgvided at an
unreacted olefin fromthe ol efin polynmerization .
nptarmediatedpositiomon ghe eanticho veaioyarg tlne, laadr agasofeeding
cooling some or all of the renoved gas so, as_to obtain
dinevdiich- comnaumicatescwide thaxpartieledreraeedg higet o both an
condensate to a spout portiogn of the spouted bed
fupsteeamside and peloveasirean sydmef theomedt pf@f%a@d ifeeds a gas
pol ymeri zation pracess, of clajm 7, conptising the
dodisvent clogging within thempartig Yl@gﬁm@ olefin to

the ol efin polynerization reactor and at the sane tine
conti nuously renoving a gas contai ning 5unreacted

?lef L:r gié‘gom e ?a'lgﬁin”p&%'n)(gr‘?éétfé"ﬁ irggctro?a&t (c){ai%ln%, wherein
the transferring means is a downcomer which passes through the
decreasing diameter member and allows the polyolefin particles to fall
from the upstream-side reaction zone to the downstream-side reaction

zone.

7. A polyolefin production process which comprises
carrying out olefin polymerization by using a spouted bed-type olefin
polymerization reactor to form a spouted bed of polyolefin particles
within a reaction zone,

wherein the spouted bed-type olefin polymerization
reactor comprises a cylinder which extends vertically; and a decreasing
diameter member which is formed on the cylinder, has an inside
diameter that decreases progressively downward, and has a gas inlet
orifice at a bottom end thereof, wherein the spouted bed is formed
inside the reaction zone enclosed by an inside surface of the decreasing
diameter member and an inside surface of the cylinder above the

decreasing diameter member,
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the renoved gas to the reactor; and

cooling sone or all of the renoved gas so as to obtain
an ol efin-contai ning condensate. 1010. The pol yol efin
production process of claim9, further conprising the
step of feeding the condensate to a spout portion of
t he spout ed whetreinthe dlefin polymerizatantreactoz dvas.a plurality
of the reaction zones and wherein the polyolefin particles pass

sequentially through the reaction zones.

8. A polyolefin production process which comprises
carrying out olefin polymerization by using a spouted bed-type olefin
polymerization reactor to form a spouted bed of polyolefin particles
within a reaction zone,

wherein the spouted bed-type olefin polymerization
reactor comprises a cylinder which extends vertically; and a decreasing
diameter member which is formed on the cylinder, has an inside
diameter that decreases progressively downward, and has a gas inlet
orifice at a bottom end thereof, wherein the spouted bed is formed
inside the reaction zone enclosed by an inside surface of the decreasing
diameter member and an inside surface of the cylinder above the
decreasing diameter member,

the polyolefin production process comprising the steps
of:

continuously feeding olefin to the olefin polymerization
reactor and at the same time continuously removing a gas containing
unreacted olefin from the olefin polymerization reactor and returning
the removed gas to the reactor;

cooling some or all of the removed gas so as to obtain an
olefin-containing condensate; and

feeding the condensate to a spout portion of the spouted

bed formed within the reaction zone.
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9. The polyolefin polymerization process of claim 7,
comprising the steps of:
continuously feeding olefin to the olefin polymerization
reactor and at the same time continuously removing a gas containing
unreacted olefin from the olefin polymerization reactor and returning
the removed gas to the reactor; and
cooling some or all of the removed gas so as to obtain an

olefin-containing condensate.
10. The polyolefin production process of claim 9, further

comprising the step of feeding the condensate to a spout portion of the

spouted bed formed within the reaction zone.
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