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TI TLE OF THE | NVENTI ON SPOUTED BED DEVI CE, POLYOLEFI N
PRODUCTI ON SYSTEM W TH SPOUTED BED DEVI CE, AND
POLYOLEFI N PRODUCTI ON PROCESS 5BACKGROUND OF THE
I NVENTI ON Field of the Invention [0001] The present
invention relates to a spouted bed device, a polyolefm
production system equi pped with a spouted bed devi ce,
and a process for producing polyol efins such as
Al MeE HOF R EANVENBION opyl ene usi ng such a device
and system Rel ated Background Art [0002] A spouted
RO DnBEOVBE\HEE; POLYOLEFRNy2RODECSTIONSYSTEM
relatively large particles several mllineters in size
WILEH r e 8POV EIRDex cBEDvel PEVI&HRas A&Dci t POIOYOLEFIN
fluidization in a fluidized bed, 15 circulate and are

A FIONBRIOCESSous studi es have been conduct ed
spout ed bed devices of differing construction which
BAGKEROUNDQF DHE, IMVENEIOMN: ei n, "spouted bed"
refers to a state characterized by the circul atory

| es wherein, under the action of a

as introduced at .a high velocity froma gas inlet
g@@@l}:a"hechrss@w deyentionheelates dm endspouted bed device, a
cyéhi nlgri cal vessel, there forns a spout (sonetines
pelyoletia produstion systemequipped with ai spoutedvbedrdevise,zand a
dilute particle_cancentration near the center axis of
PHeCGSar t {1 e PEedueingd mphyolafinge susdselasanpolyethylens and
Ea ticles flow upward together with the gas, and there
PoPPTOpYigNeBSINgSUsh g devicg ad sysde®pout an annul ar

Eaiti 8lﬁ ged 25\(1¥h§re particles fall in a noving bed
“&f uence of gravity (see, for
) S Tech
@i@ﬁﬁl 2 sES{l{Scf‘ %leagi’/lag t'?lteI 333Hm§2 ti%\{\da[ thgcpgr%}c gs): even

relatively large particles several millimeters in size which require an

on
»

T o [\

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

(see, for example, Terminology Dictionary of Powder Technology, 2nd
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Edition, edited by The Society of Powder Technol ogy,
Japan (The Ni kkan Kogyo Shi mbun, 2000), p. 321).
[ 0003] However, to make a spouted bed device
coommercially feasible, it is inportant that a stable
spouted bed be fully sustained even with 5 sone
fluctuation in the treatnent conditions. For exanple,
if a fluctuation in the velocity of the gas being
iHditiody clitest byhd hevdiodietyt qfaPoiveders Teehnolags, diapane (The
devi ce causes the spouted bed to becone unstable,
Niklanikggyo Shambiua, 20060 opp32L).down t hr ough t he gas
inlet orifice, operation of the device nust be
(00@3} Iowaven teavekera speutedpaed device. caumnerially feasible,
[ NVENTI ON [0004] It is therefore an ob{ect of the .
i s emportangthaba stebls spputedabeddoe dullyesusteinedeeven with
whi ch a spouyted bed can be fully sustained even when
somer Jhictyagonc durthen trepimendacaaditionsadi Hlosnexample, if a
ot her object of .15 the invention is to provide a
@ngtm 0t ¥elagitin of he @asdping gatroduead swdheamount of
spout.ed b devi.ce.. A further object of the invention
pgﬂi@%rlwﬁ inside othgo (dewvice p}a@a%ttﬁénsmw@s beghte tbecome
uses,such as.spouted hed device. [Q005] The spouted .
Hagtadls,; tes " pariiglesnhdrapringrdoyy dmaugh the gas inlet
i ncludes a vertigally extendin yl inder; a,decreasing
ar QPstatpg, ofiniheh deyige, mu gﬁ iMerapted, for reguer the
an inside dianmeter that decreases progressively
*d, and has a gas inlet orifice at a bottom end
reaf,; Ll {on whi ch extends downward
orifice. 25[0006] In the

W]eﬂ Pse e‘%g ore’an fo‘tg'légt ot gt f)l%réen? iﬁggn%gg tgegrdvside a

spouted bed device in which a spouted bed can be fully sustained even

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

[0005] The spouted bed device according to the present invention
includes a vertically extending cylinder; a decreasing diameter member
which is formed on the cylinder, has an inside diameter that decreases
progressively downward, and has a gas inlet orifice at a bottom end
thereof; and a tubular portion which extends downward from an edge of
the gas inlet orifice.

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

formed within a treatment zone enclosed by a top surface of the
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formed within a treatnment zone encl osed by a top
surface of the decreasing dianeter nenber and an
inner wall of the cylinder above the decreasing

di anmeter nenber. That is, by having a gas flow upward

‘at a high velocity froma gas inlet orifice at the

bott om end of the decreasing dianeter nenber and enter
a treatnent zone which holds 5 particles, a spouted
dedréasirig disedetenanenbier andoarm nner, wall syfehe ey lheltr iabove the
conposed of a spout and an annular particle bed. Part
decraasingadiametermenbern Alharis, by thavimg begagafomntipwvard at
orifice forms the spout and sweeps past the particle .
Bebighuictlopiy r &roam naegasiiinlets esifios: attthe hottomrend of the
particle bed. By nmutually contacting particles and a
desraagingidiamegler mambenandi entes a fieabaestiigonet vhick holds
a_desired reactioon can be induced

%&ﬁqgs,iéggél&eéﬁi@% iseformsd. c eAs[mentipned abevespspouted bed

ok i At oot o s i

A B b e e 2 5 0 naiand Secps

Bo el PR AR ot

bR P88 GRS Bl AT A o' e e he
h

RLTEL SR S By A AR Btion can

B 0 R SREAGE BeR,  y mostamee,

) s, RSSO P e
et 14 FREGa L0, e hABAFRN AN eRaRifertirafen & wphiar
boifich BALEE ORI HomtmaRctont §rs BIEH G e il otlice,
SOl o A ety
IS, 1P FRbSon g A et 1
iR AnAHER e'edsrintet bfice: | As ¥ BEUIE syepif the
PALERY 6 thé'gasMitfdthided and the amount of particles within the

treatment zone fluctuate to some degree, the flow state of the spouted

bed can be fully sustained. Providing the above-mentioned tubular
portion has the additional advantage that, even when particles start to
fall down through the gas inlet orifice under the influence of gravity,
those particles are pushed up by the gases entering from below and
readily returned to the treatment zone. | |

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

includes also a conical baffle of a first type which has an outside
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5 portion. The inventors have found that placing a
conical baffle of the foregoing construction in such a
position results in the formation of a nore stable
spouted bed. The main reason appears to be that this
conical baffle acts as a flow strai ghtener for the gas
before it is fed to the treatnent zone. 10[0009] In

t he spouted bed device of the invention, an additiona
diarneter that fihereases progressiaelie slowiadrd,i isstlosggat iastop end
preferably di sposed above the gas inlet opening, and
ﬂmreoﬁrm%hab aybattomeendchthagas spaced appdrfrom amdnsiderwall of
above the powder, |evel of the spouted bed that is

the eglinder, wheraie the eonichlthafflecof the fikst tyipepsisposed at a
second conical baffle of the 15 first type in such a
pesitiarowhighyr isi belosv snshvoppesed doby bottomaend of the tubular
kept from scattering. That is, the conical haffle of
patien stlhe inveptorsdanvenfound thassplacing aceonigal haffle of the

efl ector. Mreqver, by placing this conjcal haffle of
PELPIRG CONFHUCHPBNNaBRE am‘éSI%@m@rsuﬁtévm ther femmation of a

spout ed, bed, co re it h the placenent of such a .
marecsiab fm%lt% -t ‘Q‘gfmﬁom@@ reasQi) 2ppeass to begthat this

stat e, of 1he outed bed can be further stabilized,
comice] %uaﬁﬁs ackh g A LM St Ber fer e gas ,efare it is fed to
onst ant freeboard zone nmust be secured in order to
él?p‘ﬁ? eRLAQNS| e scatter. However, in the spouted bed

eI 5P b e Uy RSO Bl i BB RR Lo
B S50 RO eR5aB3A 1L b BlarRBRYS AP the
B85 F8E bPRRtha TRy Ribek wrRSEbR) Sub9e 16850t Sibg and
ernaveRs ity dwBBERRICON ot botied Hedl BEEiSTSmed within
e SRR B R Bl BB eBRRt inls o bafftd of the
Bt aFRedd SgtER Hdsifon, BERIEEBIOBlpRB B fhe biEcan be
KBROIE SR " Thal i HECoSe BRIRACAC!lS? tFpe placed
PR RARIOh Mo g5 B, | AMORCHR, Byt B conical
%%eiegfggé firsotyde! SV hBGYE B DRARARvEPBE tRE'YBLEI Bed,

compared with the placement of such a conical baffle below the powder

level, the fluid state of the spouted bed can be further stabilized.

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

freeboard zone can be shortened, making it possible to achieve a higher
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[0012] It is preferable for the conical baffle of the
first type descri bed above to have a cylindrical
portion which extends downward from a peri pheral edge
at the bottomend thereof. The cylindrical portion of
the conical baffle of the first type is believed to
hel p stabilize gas flow 15By enploying this
arrangenent, a nore stable spouted bed is forned in
vblumeedtictencyzthian. in[DfliR]ized dbeabtype-devite.oned t ubul ar
ortion preferably has a partition which horizontally
01 beAlsoe in orhparipen hwithea eflnidikéd dwedgrit ishknown that a
tubular portion preferably has al so a bel | nout h-shaped
spoutech bed.is adleBio echieve an exceallentapenformance Havtesms of
a partition and/or a pellnouth-shaped bottom end, the
pressire logs and dhat mixing whitlk somdwhatapproximates plug flow
through the gas inlet orifice is enhanced, enabling a
anisehas arxesubtobthg eirenlatempuratian ofshe iparticleshi hherefore,
drop down, [[0014] The inventive spouted bed device
they spoutedr bed clawisea ofsthe | ransion prewedesatheh adsantage,
di spose&wiy,nsi de the tubular portion and at |east one
epparedwith a fluidiged bedidlevice afhenabling & npaowerparsicle
the gas .inlet qrifice has an, annul us defined by an .
wridsnee tme SW{?H'@OB)IP% prhigvedeimnihie Wratment Zenele This
wal .. of. the tubul ar, portiqgn. By enploying this ., .
1§y ?ﬁ"ﬁ@féﬁ% ﬁYe},leli FETTYARE 3K+ %Pr @P(éafaﬂge @tp@bfmﬁnzat@n reaction
t ubul ar th can be given an annul ar shape, which has
?Iﬁgohiﬁ‘l)lleg% P@%&%ﬂ&’&&emﬁﬂﬂl% with a case in
' t ubul.ar, pat.h of the.s ross-,sectional area,
el B isresironfo 8o e ePBical Tatflbeot o hriopas disctibed
Ei r st onmpared w t h tubul ar path of circul ar
ok I dion, cxlfdrledpaior veRithosRisnds dewaresd from a
whi- ch _beqgi,n t al hr ou he sdqnlet.orifice .
$eHieral S o R pabolie B hRbedtsy e Sinificaf powtion of
f 1] wWhigh down., .10 epver LS
e, SRRACKEMLOL e S0 olievale B webilideoses flow.
Q V] T i.s,.eyve en the,gas .i d et .
B9 iR (A EneciBh, 1 mat RabiEihely e 8333 Tpinee in
S n shape, the orifice interval can be nmade
tﬂgrlf%v%é cqll%g?}%tases. where the cross-sectional shape is
[@?gggh he, a&ngg!elﬁléﬂ{ibﬂgd tiBuldd oo pflfefabiy AisSa partition

which horizontally divides the tubular path therein. Moreover, the

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

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

least one end of which is closed, wherein the tubular path up to the gas
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[ 0015] The spouted bed device of the present invention
may further include a closed plate which cl oses a
bottom end of the tubular portion; a gas inlet tube
whi ch has a tubular path that is narrower than the
tubul ar path of the tubular portion and which is
di sposed so as to pass 20 through the closing plate;
and a conical baffle of a second type which has an
dniles iogfict hasbte anniudls defined 485 anragsidesivaBlof the cylindrical
downward, is closed at a top end thereof, and has a
bwgmber and arhanside wal asfitteptubulér portion. nByd en‘lffgﬂbzmg this
the tubular portion. Here, the conical baffle of the
ssangdniente the hvspmstall drosedeetien yof ity dubutarppatid cah be
the gas inlet 25line. Wth a spouted bed device of the
govery anranmrlan shape mwhichh has d¢he rfollowingaddveaftages compared
functions as a particle fall-back preventing plate, '
with etgasadki whidh a pebulanipath oftthelsane exasstsegtioniat hesa' and
fromfalling down through the gas inlet orifice even
ahgincyas cragphectienalt shapedis pogaleyedhe Fystucempaedd with a
devi ce of the present invention may have a plurality
tubwanpathof sikcuddr erassaectione the pushingupeffeas on particles
di aneter 5 nmenber and _the tubul ar portion. By .
wihich bagindtoc falh ghzoughh eengas, inletr orifice impraviesptenabling a
%Hgéurality,of spogﬁed beds can_be carried out. In

ther: seglucting dnr 4hg e sBreumtayolbpastislasn whiakh drop down.

outed bed is fornmed in egch treatnment zone and the
S@Qlﬁom)s % @Eangorent isaetieetive yghen sealing up the inventive
Zones. go reduce the, footprint of the device, jt 10 js |,
SPQUIEHABEE H6VIGer andhak his, pPYRR When ofhe gas, orifice is

cyl i nder/decreasin I amet er, .memher /tubul ar pqrtion
Ellateri 15 Tiove Watho Wacio Hhip caainibrhas a0 caritlae, shape, the
ispreferable for the particles to successively SsS
PHEREIBISTVES o SfTterke £ GRS | DATTOWET (HR: neates Nasre the
By provj.din lural.ity of .spouted heds, the parficle
sthsBroeetinnef sBade J reitrnn Rlfitae, B JundtioR o 2 stable
suf fti ai ently narrow. As nentioned above, a spouted bed
HAYE ? om a conventional fluidized bed in that

RS AT SRR 1 Bt BB 50 e
{ebdé 810G, Rl o7 s RisHhugihci'of Tk g8 Bpfion;
4 S, e ¢ Lwbieh B R, Bty e B0 haf) s HER Ry fhan the
BERURDAACO! B Bl Morkiph AREGHERTS 555t SY %o pass
R6hEh thE AbsiRb"pidlE 2RQY Enfal bARIL TF a second type which

has an outside diameter that increases progressively downward, is

closed at a top end thereof, and has a bottom end that is spaced apart
from an inside wall of the tubular portion. Here, the conical baffle of
the second type is disposed immediately above a top end of the gas inlet
line. With a spouted bed device of the foregoing arrangement, the

second conical baffle functions as a particle fall-back preventing plate,
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[0018] The pol yol efin production system according to
the present 25invention includes an ol efin pre-reactor
whi ch pol ynerizes olefin in the presence of an olefin
pol ynmeri zation catal yst to form polyolefm particles,
and the above-descri bed spouted bed device which is
connected as a subsequent stage to the olefin
pre-reactor. [ 0019] The pol yol ef m producti on
therebysmaking it pgssible te fplly yrevennperticlos fromofatiag down
carrying out nultistage olefin polynerization using
thrioa eezatdnteti dréfice evgniveien gasdupplyors styppedn
0020] The present invention thus provides a spouted
h&@il@ \liheespdnited bed adgvace ooff the presentainveatiomomagd have a
bed even when fluctuations in the treatnent conditions
phuality Tof ¢ombindtonsalafo the ogyliedern thel ydsice¢dasing diameter
production system equi pped with such a spouted bed
twember anddhe tubplaryporfam pByoerapleyingr sioks gnarrartgement,
enpl oys such a spouted bed deyi ce. BRI EF DESCRI PTI ON '
prrtice treztmantsvith a plpradity of spoutadhbeds ewnybewasried out. -
first enbodi ment of the spouted bed, devjce accordin .
Iy thise cpsesstbst asTangament: may e ane in whickppi $pcwed?l@d is
f a second enbodi nent of the spouted bfd devi ce, ‘
formaedi i5g easht freahnentk Aone, pagh the: particles spceessiyelys pass

itabehdboss reaBPar Zoase | ohe redues Hhe ePri afdbe sssice, it
f‘qﬁgx%gaﬁ;ﬁp H@ﬁgrraggé ht%eslgﬁl% 1%' % dthgegli)g\?e %%zfl%ﬁ%} %c;*e%sing
diameter member/tubular portion combinations in a vertical direction.
In this case, it is preferable for the particles to successively pass from
upper treatment zones to lower treatment zones. By providing a
plurality of spouted beds, the particle retention time distribution can be
made sufficiently narrow. As mentioned above, a spouted bed differs
from a conventional fluidized bed in that mixing which somewhat
approximate plug flow arises. It is therefore possible to narrow the
retention time distribution to a similar degree with a smaller number of
stages than when a plurality of fluidized beds are used.

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

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

presence of an olefin polymerization catalyst to form polyolefin
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20(a) of FIG 4 and (b) of FIG 4 show schematic
cross-sectional diagrans of tubular portions of _

di fferent shapes such as may be used in the spouted

bed devi ce according to the invention; (a)

of FIG5 and (b) of FIG5 show schematic

cross-sectional diagrans of tubular portions of

di fferent shapes such as nay be used in 25t he spouted
patticles] candic deg dabgvé-destrgbedvepdutsdt Bed> devivea which is
schematic sectional diagramshow ng a tubular portion
iconnbétell assa subgerprmt atagd tontdhel slefinnpressractor. FIG7

is a schematic sectional diagram showi ng a tubul ar
po019pAhen pulyolefar eprdidsiptiond progess iactetdingbeo athé Ppresent
second type of conical baffle; SFIG8 is a schematic
swedntiom invobvgs acarsying ogt mujtistage elefinipelymneériaation using
second type of conical baffle disposed within a
thﬂaabave-pgschbad palylefinsprodictimmasystermect i onal

di alg;ram show ng an extension tube having a .

HROZ 0P Uihe prespatiinention thus; provides a spoBted bod dewiee which
schematic diagrans of type A-1, B-2 and G- 1 gas .
iniabletopfilly sustain a mpoutedithad swendwhieneflugtadions in the
t he exanpl es, of the invention described bel ow, and
treatment conditionc eseus dlhgriaventipnt glse mrovidema polyolefin
gas inlet portions jn the spouted bed devices used in
predustion systen  eqeippsdetithh sughdat spoutedpbeditdemdce, and a

examl s desgri bed bel ow. 1 DEBSCRI PTI ON OF THE
pel D aenprocess which employs such a spouted bed

device.
BRIEF DESCRIPTION OF THE DRAWINGS

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

bed device according to the present invention;

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

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

(a) of FIG 4 and (b) of FIG. 4 show schematic cross-sectional
diagrams of tubular portions of different shapes such as may be used in
the spouted bed device according to the invention;

(a) of FIG 5 and (b) of FIG. 5 show schematic cross-sectional
diagrams of tubular portions of different shapes such as may be used in
the spouted bed device according to the invention;

FIG. 6 is a schematic sectional diagram showing a tubular
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[0021] Preferred enbodi nents of the invention are
described in detail below while referring to the

attached di agranms where necessary. Unless noted

ot herwi se, positional relationships such as up-down

and left-right are based on the rel ative positions

shown in the diagrans. 20Rel ati ve di nensi ons of

features shown in the dia%[ans may not be true to

portion i wddech isdisposedisoeylimdnicaongmbsrt n Producti on
System . FIG 1 shows a pol yol ef m producti on

syst enFIG0A d8car sehematic 2mational ediagramntsbowingt 2 tubular
Thi s production system 100A incl udes _an ol efin

peuian yrewhich iase dispesast asgasdaleintubieeangd a second type of
pol y I zation reactor 10A which is connected as a
@@@Qgﬁgééﬁ%stage to the olefin prepolynerization

The. of EIGH if egshamatic,sectisal Bt Shosipae Esenlet fube
& 21575004 356 RO AL chrpo Lt AUl rayPiow:

ar o nob K B b SCBSIAHE SoctioRa)r REraR) showii fbr extension
beual e fitoullshABce Bottom shd 10 11 ui di yod
et R R R ATk e
158 b i U SRl RS B 10 B0 e
iinrxlfeﬁﬁg?li kg below; and .

FIG. 11 shows schematic diagrams of type D, E and F-1 gas inlet
portions in the spouted bed devices used in the examples of the
invention and the comparative examples described below.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0021] Preferred embodiments of the invention are described in detail
below while referring to the attached diagrams where necessary.
Unless noted otherwise, positional relationships such as up-down and
left-right are based on the relative positions shown in the diagrams.
Relative dimensions of features shown in the diagrams may not be true
to scale.

[0022] First Embodiment
Polyolefin Production System

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

the present embodiment. This production system 100A includes an

olefin prepolymerization reactor 5, and an olefin polymerization reactor
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[0025] Slurry polynerization reactors that may be used
i ncl ude known 15 pol yneri zation reactors, such as the
stirred tank-type reactors and | oop-type reactors
descri bed in Japanese Patent Publication No. S
41-12916, Japanese Patent Publication No. S 46-11670
and Japanese Patent Publication No. S 47-42379. Slurry
pol yneri zation is a process in which a polynerization
d0A/esthich fdsepanadctsd agddi ag subsetygéntn QQFBDH:@"H:he olefin
such as propylene or butene to an inert solvent such
pselgmﬂyﬂhérpirlaﬂdmrdtaaﬂonﬁar bon (e.g., propane, butane,
I sobut ane, pentane, hexane, heptane, octane) or an
0023k IOlefinylPrepodyinenization. Reagtor opent ane,
cycl ohexane), an olefin polynerization catalyst is
di sper ddu¢ olefinhprapuilymer zationoreastorve polymekzesiadefin in the
slurry, and 25polynerization is carried out in a state
pheseacehefpany raefinhgrolymetrization datalysdt tadi faod vpolyolefin
the pol ynerization solvent. Polynerization is carried
perticles.a tenperature and pressure at which the
ol ymerjzation solvent is maintained in a liquid state
4 hExgmples ofi thet oledind prapedymesization wiaster §dnchude, but

t he pol ynerization solvent. The pol ynerization L.
aegpet dimitedi to, gdway apolymerizatimn reactoos;, bulkdpolymerization
preferably from50 to 5 80C, The polynerization
rastarss estiregde hankdtype f gasn phaseiapelyprerizatien ¢ reapors, and

a aad preferably fromO0.3 to 5 MPaG [ 0026] Bul k
5&«?% i badityper ga% (rhase; palymsyizaonseqactonst uddnynene of

ﬁg&yrreri zation geact r?, such, as,the _stirred nk-type
ETRe(oxs max, be iSpdalonac Blwalise of FeACiorso @ type
Pat eBt' PuRl.i catiEn Np. S 10 41-12916, Japaneﬁt:ei, at ent
BaY| Pe 3SP8 AnNePMBIMAIL0N, IEVER, @ JHRES EeActpks @hdiffering types

Publ . cat i(ﬂn No. .S 47-42379. Bul k polynerization is a
Ay used I APEIPIBAtIGNef | n nononer such as propyl ene

ey D BRI Bl ethde K
O R N N T ——
AR, OSBRSS S DA, Bplcaion No. §
SL0R05E Boke PAARATPALTTANOR, KE). S e 13RE0 ang, Japancss
AR ik SRL4898, " SOt o aupeess
A ONEA BRI EsPRia SN 807 8 g g e glefin
R At B! pidilehe drobitee R 30" Hert SRR Sl as an
SERRIC HIBrdrBGR° 80, SFATIED POIOCiodtllane, penane,
SRS B! OBHRYIZ6f, PRSI T RS s,

cyclopentane, cyclohexane), an olefin polymerization catalyst is

dispersed in the polymerization solvent to form a slurry, and
polymerization is carried out in a state where the polymer that is formed

does not dissolve in the polymerization solvent. Polymerization is

10
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[0027] Stirred tank-type gas phase pol ynerization
reactors that may be used include known
pol ynmeri zation reactors, such as the reactors
descri bed in Japanese Patent Application Laid-open No.
S 46- 31969 and Japanese Patent Publication No. S
59-21321. Stirred tank-type gas phase pol yneri zation
is a process in which a nononmer in a gaseous 5 state
carnise dut satt heempediratmrarahd pressarerai nwhich tige polymetization
pol ynmeri zation catal yst and olefin polynmer in a
Solviedit 26 dnaintamed imianlighid state and yhergpadymet that is formed
agitator, the nononer in the gaseous state is
doky mmti disdolvehin ghe ypalyineaizationt sabeendt urlhe polymerization
generally from50 to 110C, and preferably from40 to
tgoperatuee poiggnerdlbatiam 30 tor IEC cand queferably firam 50 to
range at_which the olefin can be present as a vapor
BA3ce wiThe npolgmerizatien tprassurgpds ggenprale from standard
pol yneri zation reactor, and is generally from standard
pressute to 1 6 NPata @ndrpreferably dam G.3 dm%l.\rﬁ’aﬁ 3 MPaG
&0028 FIl ui di zed bed-type gas phase pol yneri zati on
Ik rpelymerization readary thatuaayk hevwsadetnalude known

such as the reactors described in, Japanese Pat ent
pobmerzaan | gactorse nsuéx as dhe ostimed  tandohyee aepetosat and

pplication Laid-ope .. S 59-1264Q6 and Japanese
ﬁmwmpmpr@apwsi éﬁsogﬁv@'}f dfe dapgness %@%ﬁ@%lmﬁm ANg. S

%ﬁ@ﬁ&%@?fﬁa&g&;&@@gwga@gﬁc j ?gamn
gﬁ@ﬁ@ﬁ%ﬂ&a}tﬁfnﬁ N 23: y@{-ﬂ%ﬁz&%g Hylk ééi}éﬂ%?lz%ﬁ%'fis” s process
ISR 20nalefgh BRIOMAT PHEh 58 BB NG, OF bpiehe &8 uselfas the
Bl edton splyrSRaR (s S st % b Salveps such
LSRR T e R
tita e ARter L AP Sl By godkibis o ghudietBbentane,
S13hEeb - ot Sl 3§@9ﬁ%§§ﬁi§°§afé&9?aﬁgehﬁﬂpsr% iy the
: 8 . 0.5, t.
ReltEheligih Ve, B0 MG FRIRL Y CArBRHOpD iR R state
WHeP®! tht ePoynrS'tHhf Yis formed does not dissolve in the

polymerization solvent. Polymerization is carried out at a temperature

(D

and pressure at which the polymerization solvent is maintained in a
liquid state and the polymer that is formed does not dissolve in the
polymerization solvent. The polymerization temperature is generally
from 30 to 100°C, and preferably from 50 to 80°C. The
polymerization pressure is generally from standard pressure to 10
MPaG, and preferably from 0.5 to 5§ MPaG.

[0027] Stirred tank-type gas phase polymerization reactors that may be
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pol yneri zation reactor or a bul k polynerization

reactor, to which is connected, as the subsequent

stage, a fluidized bed-type gas phase pol ynmeri zation
reactor or a stirred tank-type gas phase

pol ymeri zation reactor. 10[0030] Alternatively, a
flushing tank for separating unreacted olefin or

pol ymeri zation solvent fromolefin polymer particles
neydgéndude! knbemprpolydestirsioreereastabyrsich as the reactors
pol yneri zation reactor or a bul k polynerization

desctibed am dapaesedRatedt Ayl &tati casLattbopen MNelUS 416-31969 and
stage, a gas phase polynerization reactor such as a
Thpangsee Patert- Publcation phas €S 150313@ter i Sttredntank-type gas

‘reactor, a stirred tank-type gas phase pol ynmeri zation

phas¢ golymerimtionb sequpradess dins whibkca shefiomer in a gaseous
pol yneri zation reactor 10A. However, it is not always
stdenis aused amsthd | meditmshimdy twihlle benawetainite bnl lolefin
pol ynmerization reactor and the gas phase
polymerizationeatakyst tamd olefie podymerhisr at Buidiggdasafe within
A efin_ Polymerization Reactor The olefin
the mmhuza%ydmemaafcan agitatar, the sxenameniin ¢he gaseous state
out, in a suybstantially gas phase state, an olefin
topohaneriged on Theapelysnenaation tempieratupe is igenetaliy frem 50
by the olefin prepolymerization reactor 5. [0032] The |
9 et 1 W Gornde proferably deom: 40 10A100%un i Bhel polymerization
2500nstrgctﬁg so, as to be c%&fibl e.of formng a single
BpssiE shesld betimea tangecat wiuch $he wlgbsceambenaresent as a
of a cylinder, 12A which extengs vertically, two L
¥APOL a’ﬁlﬁ@ﬁf pithiny ﬂl%nﬁll?@é dm&tm \gashPhase epelymerdaation
12A, a tubu] ar baffle (decreasing, di aneter nenber) 30
153500% cANG 1St I&en@ngl)ﬁdé'PQZﬂ?néﬁ?gﬁ TEERIENLP oA ﬂ\(ﬁ)’é@ and
t ybul,ar port, 4 onnected to the bottom end of
}Sﬁ‘gg{q})gmfgqm&&ppé g@l?aér eferably, the conical baffles
.22, the,tubul ar ffle 30 and the extension
Q1B e Fe%—.fxla%é’@& 336 apfwnﬁpzﬁﬂ% geagiors that may
Xi S .1 i nder 12 From i he standpoint o . .
B et el knBRG, reaciors, SHkh"8y ithRaesactote Wescrhed in
insid panet en _of. pr.ef ecably not re t d
JRBRsSe chRERL FarRlicBfifpc LA brsts NY. Sorsbdarshe Japanese
a . i r L} whi i S
bt AoBtbatioh Tl aBeh e S5t 240p At Japafiese Patent
r ' . bCh diS: cOntihquous at a
RipHichioh S AR IR, 1, 7233708 FIBigRPY bdPDe"bad phase
' 12A. j fl ' or.med .
SRR i R bl th bkt 5 hondundy E el Biseops tate is
Wdd 45 'he Medilff’ add” WAL Mfintaining primarily an olefin
polymerization catalyst and olefin polymer in a fluidized state within

the medium by the flow of the medium, the monomer in the gaseous
state is polymerized. In some cases, an agitator is also provided to
promote fluidization. The polymerization temperature is generally
from 0 to 120°C, preferably from 20 to 100°C, and more preferably

from 40 to 100°C. The polymerization pressure should be in a range at
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15 zones. That is, the tubular baffle 30 divides the
space wWwthin the cylinder 12A into a bottom zone 25a

bel ow t he tubular baffle 30 and a reaction zone 25b
above the tubular baffle 30. [0034] d efin-containing

gas flows upward fromthe bottom zone 25a, through the
tubul ar path 40a in the extension tube 40, and into

the 20reaction zone 25b at a high velocity. As shown
whi€h Ghe, olefins cahe psesemt tasea fuapoat plaseotvithinpthet Adidized
bed 8 of polyolefin particles. The spouted bed 8 is
beditypedeattox, apdis gnexally ditonnstandarg presstire toetilo ¢MPaG
[ 0035] The extension tube 40 extends downward fromthe
prizferatilyt frony3:.2i to & MPaG, cand mmoree prefarably feoml 6.800 5
and has a tubul ar path 40a 25t herein, defined by the
MPaG. wal | of the tube 40, which comunicates with

both the bottom zone 25a and the reaction zgne 25b. A

[0029] Combinations ehdifigrentrepetars syesexemphifigd: bg a slurry
ext ension _tube 40 so as _tqQ keep polyolefin particles, . .
pplymerization ex'@@tsthnom@dkbp@ﬁ@mmwwrh Jeaehmnde dwhich is
out thrqugh the gas inlet orifice_at, su t] mes as
epencatad, @scths subyaauentastage, r@aﬂmlzchﬁmdstm%rga@d phase
up, or tenporarily shut 5down. [.0036] The .conic ..
PRIMEEZati0n T9ASfOF 0T\ ALLTER é%nlgwtﬂéé @agrhase nﬁymenzatwn
i ncreases progressively downward, are each cl osed at
aCHRt i ve top ends 21a, 22a, and have respective

¥
A e velie aclns o tatafo p A B8 direacied ofefin or
polymerization solvent from olefin polymer particles may generally be
provided between a slurry polymerization reactor or a bulk
polymerization reactor and, connected thereto as the subsequent stage, a
gas phase polymerization reactor such as a fluidized bed-type gas phase
polymerization reactor, a stirred tank-type gas phase polymerization
reactor or the subsequently described olefin polymerization reactor 10A.
However, it is not always essential to install a flushing tank between the
bulk polymerization reactor and the gas phase polymerization reactor
subsequent thereto.
[0031] Olefin Polymerization Reactor

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

reactor 10A is composed primarily of a cylinder 12A which extends
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10 surface of each of the conical baffles 21, 22 is of

coni cal shape, and the interior is hollow The inside

wal I s of the conical baffles 21, 22 are fornmed as

conti nuously curved surfaces and, as shown in FIG 1,

t he peaks of the conical baffles 21, 22 are locally

thick-walled. In this way, the conical baffles 21, 22

are constructed so as to have vertica

vortical by, gaan iconscal nbafiikesshpnd 22cdisposed within theagidinder

One conical baffle 21 (also referred to bel ow as the

124y tutnrlac bafibef(deerepsing diameteeanemberhdéi piastided in the

within the bottom zone 25a which is bel ow and opposite

cylinder 3/, cant an extensioneithe (tubuler portiemy4 Qe¢QmB‘30lt©d to
hten the flow within_ the bottom zone 25a of

strai

Shesbpfon Aneof thg WS lambalienss. creresablthe gonicaldffles

feed nozzle 60 g ﬁ@ g %1at the pase of the ol efin

Bd1 gnadr22.athe tubular ba éhﬁeﬁx'fébﬁp@affubﬁf‘m are all

22 (aI oreferred to, bel ow as the 0

gispose )cqamj[sé vat dhe cent qxo@ﬂmfr\th@/fﬁ)fijf@ Ve Knean the
ubul ar b 3Q in,the re n.zon

@tﬁﬁgp it ﬁﬁagdbzmgﬁb@ S@putffcﬂéveah@m m«i@rdfﬁgm inside

to keep %KB ol efin icles fromsc ring.

flmeqer Sregsrably: aﬂ t strth 3 Bh OFe proterahly met more
ach gfve a cylindrical portion 21c, 22c which

§¥¥%% nHommmard froma peripheral edge of the

[GRER"ThiebiascPeRlE 3000 Eherediy Bateraviiarsasiaped so
¥ the sk ﬁla?%‘t & dgrigse Ecﬁr@%?%s?ve%lweﬁﬁéﬁrﬂa%q% oAt yhich
Sobebigh 8Bk S e Thd eSS ARl or e
&liua ?%éﬁ”éfﬁ@t SinilpL BEPIE P E@%@ S dfd gvitin the
SATRAGr Ty iRl LR aback, WSt U, o RRAGE 122 ki two
Rine b 5 s?f#*%&‘?“ﬂj Beffte 0 idet, %@? éﬁﬂ%h@ﬂﬁébm
@é@%‘% 05%1‘3’?;3; fia. scﬁ‘girzggé r%gzatzﬁél%“%gﬁ or me {ﬁ% ﬁgd a

xte%ﬂ% %‘ﬂ@ 8% ﬂl@ﬁabl;lggbg?ﬂ%%ab' i ng the gas

reac I'on zone € 15 laterally

ﬂ) dlsc%arge§%Upm&ig the pr éﬁ?ﬂggggﬁggﬁgﬁ$ﬂﬁﬁhﬁﬁﬁ§%53
| ncr%@ A unth@é%dﬂ{@%ﬁ&%l?l?vtﬁﬁbagﬁ hd 1rﬁ[o the

sing t gas th uses wthin

fb‘é@ﬂbgrzo?ﬁer 25t9 'a?all’ﬁ%}el chﬁg)‘ | OB sQfhoiiAE irP PREE ?dtﬂi@ Jeshlts in

hereby enhanci ng t gas contacting efficiency.
the formation of a spouted bed 8 of polyolefin particles. The spouted

bed 8 is composed of a spout 8a and an annular particle bed 8b.

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

with both the bottom zone 25a and the reaction zone 25b. A check
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20[ 0040] To forma stable spouted bed 8 in the

reaction zone 25, it is desirable that each tubul ar

baffl e 30 satisfy the follow ng conditions. Nanely,

the ratio dA/ dB between the diameter dA of the gas

inlet orifice at the bottomend 30b of the tubul ar

baffl e 30 (inside dianmeter of the extension tube 40)

and the inside dianeter dB of the cylinder 12A is ,
2apree(notathiov) Bkyobe Idisposefadony the sxtensionanbeetso as to
inclination a30 of the tubular baffle 30 in FIG 1,

keep , polyelefy | particleshavithisi the seadtior zonea RSbt fitom aflowing
baffle 30 with the horizontal, is preferably at |east
downwiatdand owtpdyeughrthegasoindetropidiac at suclptimesias when
w thin the cylinder 12A. The angle of inclination a30

the olefin polymenizajion reasten 10Aeisastgrtedonp rarpteseponagilytshut
| east the angle at 5 which the polyol efm particles can
Bewabnpl et el y di scharged gravitationally. In this way,

snoot h _downwar d men f the polyolefin particles _,
[0036hThecenipabhaiiles 2 hodetboihdisiel a dvdside gameter which

formed using even a flat plate with_a gas inlet ) ,
BIGTEARSS PEREREESIVeEY éﬁqwnﬁ@raaar%fea&h{ Giaedr abaespectiye, top

SRS e 249, AIINE FRSBOCNG brsomecads Al 32D Bick are
Shaced apafin o ah.pien walha) hesEyfibger fed | nibesouttide
Partace of cBeh o e warned! bafttes P22 i 35 el fhapé, artd the
erioE s MRIEY. | dhesside RS HeahE fonichl Baaedd 22 are
Fithed zs SrptBatsty codrvEesisfald falnal Mebubdn FIG 1, the
RRAIRS 55 ' CRfeaP el PRS2 SRR A RIDE MR ABRUEE ol this
B2 e <A hy e o Parle Shbfirloted®sd Htts BAYE vertical
g%}g%%%ﬁbﬁgﬁﬁzﬂggﬁgge bFQfPciidCitk g9 to the upper

[0037] One conical baffle 21 (also referred to below as the “lower

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

[0038] The lower and upper conical baffles 21 and 22 each have a
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[0044] Pol yolefin particles have an angle of repose

of, for exanple, fromabout 35 to about 500. The

angl es of inclination a30 and a22 are both preferably

at | east 55. 25[0045] The | ower and upper conica

baffles 21, 22 and the tubular baffle 30 are each

attached to the cylinder 12A by supports (not shown).

The supForts have substantially no influence on gas

tiybindsicd! portyon &le, 22cwhitheextehids dlownward diedex peripheral

20 and tubul ar baffl es 30 may be nmade of, for exanple,

cdgbo@f dheetespeetive t bottoms gnés e%lls 20bnthereofusBeoatse the

and "SUS 316L". As used herein, "SUS' refers to a

lowen| eeenisak pebafflecatdlon @Santﬁé/ﬂmdimlbypoﬁp@mmsélc the

Industrlal Standards (JI.S). It is preferable to use
teqing edfeshtinl ther batiosn zene RdaHsi furtherr sapraved.

in redlent .. a halogen suc chlorine) is tg he
gI épl By é@SUIE,g) OBWma%g n23s Gv&%ﬁclan has be)en sufficiently

| efin- contal a dline L30 is connected.to
'éH@lgI&@ae %pa r@bm@ g¥tensiqm dube 49 rtothe reaction

7 08D, bETBlingonurisE ByAnHiEHSORT Of dBApREOURd ched 8.
S&blxég@éﬂ of the shgited psﬂdéé's o aaliiH§dan Brrosylt of the
é‘rZLéqr?;Ea 9 9 (LSRR, et A0 e
SIS bl b A St HIE S
L08R R T BBHObh Tont S ASIRSINE, iy et
i b3R5 on i oh does ot
TIPS igth B2 foRARe 7Y B, Kifed 28 HESBR oL the cylinder
oA, FeEhy Bt 36 A AR Eonstid gobigh 2sBltp e
%Er@?’%ééﬁﬁé%ﬂe ?&@?f&ﬂﬁ?o%%@”%a ST e P Rhogss is
THERAYRE AW e PHedult ndafifinehl eiﬁﬁ%?cfi\r P [y
IRERAEHP ol 0 MEhElee o RAifY, O ol %‘S%f g8 that
diffuses within the annular particle bed 8b portion of the spouted bed 8,

thereby enhancing the solid-gas contacting efficiency.

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

[0041] Also, the angle of inclination a.30 of the tubular baffle 30 in FIG.
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[0048] In addition, a line L5 is connected to a
position which is higher than the zone where the
spouted bed 8 is formed in the cylinder 12A, and
pol yol efin particles containing solid particles of an

~olefin polynerization catalyst are fed to the reaction

zone 25b. A particle 5 discharging tube 35 is

connected to the tubular baffle 30, and pol yol ef m
darite.cthes angle bf the éngidevsurfacenofi the etubugmbaﬁlezaﬂ evith the
25b_are discharged through the particle discharging -
thoizoztal, Tiso pv@ﬂgevdslyvau least U2 angleaof awpose i forspolyadefin
on the particle_discharging tube 35 enabling the

patticles fpraserdrwithirethe oyledeti 52Aar gEle angle efiidination o30
step by 10successively opening and cl osing these

vamers prefeeahly \atdeagiotheognglecet sepageyand at deastghesangle at
ennogi nt, a pol¥nerization step which uses two .
whichor the ¢ pelyplstinn  paeiles nean; abeoncompletsly 5 diseharged
the,olefiq pol ymerization reactor 10A--is achieved. In
eravitaignallne dnethis prasposmpeeth zdewswardaseyement of the

effects the polynerizatipn and growth of 15 pol yol efm
BQiY&@%@sPar&c isr?éﬁll\*%‘feégi vely large polyolefin

PO S B0 e B pse
FHEP B TR e et TR R B, o
o 0135y BEREA B o N S e e
ShE ORISR GRS AT e M o0 oot
FRLRVIF b s Bl Bt L BB BT o
S 1,85 Y525 RS b 5 ) b baes 30 o
BeFe e BBl 5 MRLBAIPh 030 Fhihonh Ao Brossein gt =
BRRgRtLn, po T 2 o feecon 104 oo, 2o Lo,

|
(BT IGE Betrtc %%%‘g Uppsr BoNReF afIg R SRR 'to have
BB S R, 7308 1 R SR he oursice
SO D thePhpPMCEbAtal baffle 22 and the horizontal, which is at
least the angle of repose for polyolefin particles present within the

cylinder 12A. In this way, polyolefin particles can be adequately
prevented from sticking to the upper conical baffle 22.

[0044] Polyolefin particles have an angle of repose of, for example,
from about 35° to about 50°. The angles of inclination a30 and 22
are both preferably at least 55°.

[0045] The lower and upper conical baffles 21, 22 and the tubular baffle
30 are each attached to the cylinder 12A by supports (not shown). The
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process and pol yol ef m producti on system of the

i nvention, polyolefin--i.e., olefin polyner (olefin

honopol yrmer, ol efin copolyner)--production is carried

out by the polynerization of one or nore olefin

(homopol yneri zati on or copol ynerization). Exanples of

10 olefins that may be used in this invention include
1- pent ene, ,4- met

SUnSatiar fiaves SREbRHALly. Ao oo oRc 885 HoWoghanEokiedefin
- : 0 h l.ef i b
Hogt;. eﬁ?@&sﬁﬁ«%«%re?é&? S ot@iﬁaﬁmﬁﬁsﬁ@%@d&w be
[ [ - 15
Bt BF, H kAR et beb st R 3B Eels pidas £5US
3ot SRS Rl o "Chsatisel] ey “HUST) B o e staiRless
%ﬁ’%‘«%‘é‘@%@ﬁ‘sﬁ&%@f@ﬁﬁ%b&&ﬁ%ﬁ'@% Eﬁgr‘es@ﬁ'a? Sfandards (1). Itis
- 1 - . . .
BRI SR SIS P X, S8 AR i
b6nshi finadisab is Braf hERERY Mufhafh 47Br) 1fy B Fhuploved.
T ks SRR I e A
SORAE 15 B RASAS by 6O BeCARCN MM LA o the cylinder
. . : T
PSP SR JOnF PN R 16 BT M Mgt
BRANSTT 4 Lonitesttn o4 3@?@%&%23%%?22?&%?44@95?’%%%&8
ge;%gﬁgﬁg’ﬂéf t66} gﬂgzssdgﬁggi%r%og :fsfffo%'i)e %’hlEHrl.S capable of
PuchafiAg b poleli] pafticls & (e AT O Feactol CHRPAIION A also
bheHTo9ided aPdhe BottédmSbigRe Lo AES1PAASCAlS0, to reduce the
pol'yneri zati on reactor 10A sO as to form honopol yner
AA6UNE | 6B poWderorhiimhE Zindidd Whef Eyishdat! 2DAD atith énd of
smal | anmount of another olefin to flormrandom
m@%ﬂﬁ?éra@i@ht, it e prefehablel Regrovidel dn dntevidyafefiber in the

stage, two or nore types of olefmto these polymer
staipe of eth iinverediddnle (e shown) at a position which does not

interfere with gas flow at the bottom of the cylinder 12A.

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

connected to this line L.30.

18



10

15

20

25

10 ol efin polynerization reactor such as an ol efm
prepol yneri zati on reactor 5 or a nmultistage-type gas
phase pol ynerization reactor 10A. This results in a
narrow residence tinme distribution in the olefin

pol yneri zation reactor 10A, making it easy to achieve
a fixed conpositional ratio within the pol yner

E@%gf k)gsqﬁiéﬁggi)ﬁggﬁgeg 1 gi_si cfsqnl;?;%?gc? %(i)%.l Il) si’(ceifofne\g:vi)}c‘tﬁe isf ﬁ{gher
TRTRE Ons: BhbTe.1a7 sonyiechBRe: § s formed in the cylinder 124,
Bh A LAt Dpafiieles . seobiniRe SOk ?’.qé?a?quﬁ&? ok Stlefin
ot RRaiB) PafafT e Yo ?ﬁébhﬁééa%?@ap%g%%-yﬁgﬁmle
ARl ik S2 s bPEhEAL e Biyhifr HalR Ay 2 i olefin
BAESUSS chihal i MASTRE] EEAREISN PR G i Ghareed
RS e Wbt e afhk e 3 20 TR YAtiss 7 gpd V72 o
oSBTy sEREs o She BRRLIEURchandiBd BKE 35, cpabling the
PORIASAS PABRICTE; TBEC RifHaKIRd SROT Kifbsetbent sfep by
SERESKITRy ERBntfy AhERIsGHls leld FakRY Y71 AHA Wyt | St age

e Rtiaby) ot B BRéer? et BOARALACRO pY[Jiherization step
Which isBY Yv0SFeaktii8--hO BYEER m@%&mﬁ ;ﬂéaétapls d the

segnments copol yneri zed from , propyl ene and,

é&fﬁﬂg@%@ﬁﬂhﬁbﬂ ¢eactoP MDA 2s adlsklBJOt 'Iﬁrthi%:%y, the olefin

et hyl ené and propylene, in the presence of the

pRYAShietzatiohy fictor Suelfedts U ¢RIPhKFRALIBASAD growth of

nsic viscosity, as neasured’in
olefintRirtiolesd crnainy fahevelyalargs Polysl¥iihphsti i
%ﬁrﬂz‘ e?abllglﬁrgln a ranggfgof from}g.a{gt gﬁ%o dl /Bi.lﬁ;rc%?sshavmg
apatticleaige bb preferablechtleast30P)ingnaobe peeteesbly! atT84st 700

has excell ent "heat resistance, rigidity and inpact

pesi atdeven ate cpreféfably far kkabe 888edm, nthruéloyainabling the

formation of a more stable spouted bed. However, it is also possible to

(@]

\J

have the polymerization step use a single reactor which does not include
an olefin prepolymerization reactor 5. In this case, an olefin
polymerization catalyst or prepolymerization catalyst is fed directly to
the olefin polymerization reactor 10A, and olefin polymerization is
carried out. Alternatively, one or more additional olefin
polymerization reactor, such as an olefin prepolymerization reactor 5 or
an olefin polymerization reactor 10A, may be provided subsequent to

the olefin polymerization reactor 10A so as to achieve a polymerization
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15component s such as bunpers and door trim and in

vari ous packagi ng contai ners such as retortabl e food

packagi ng contai ners. [0055] Mreover, in the present

enbodi nent, to broaden the nol ecul ar wei ght

di stribution of the olefin polynmer, the olefin polyner

conponents produced in respective pol ynerization steps
di fferent nol ecul ar wei ghts. The

g?%é%ﬁm qﬁi@&ﬂfz G Qr |jAgs Séi%gf‘gﬁat a?eouls for prgduci ng

83@%%)?&&@%2%&8??%%#5 ehe .mﬁtb ?Zﬁsf"é “Efgt ty

pol yro St AU IGo PRIYRE Y LY SoRDA sE SHbsagep used

that roduces the, hi at nol ecul ar wei ght 25pol yner
Sﬁ ﬁ?nﬁﬁe ﬁ Elof preferably fromO0.5 to 100

ﬁé@?u 18] e fﬂ‘f%laf’ polymifiaio ractor, pofie i hrodugtion
DrEEEST Joll7 PO FER e PRl BRE 815 o ithe ninvention,

RSN T p@S’{éﬁ HYERbeInES Blefin
FRKBLAAER? T’%P”Pﬁfé&gﬁ?yner ot Rereifmidipatth R one or
Hn%} Ky e?ﬁ?&eé}%ﬁﬁbg}rl@ﬁkaﬂoﬁr&dUéﬁ?ly%@%r&%&# t o Examples of
}é'f;ﬁsoﬂ?ﬁ fﬂhng%é)fu 1% ‘?not'h?g Pﬂv%lﬁ cluh? &Ieﬂée rgpylene,

I'n poly rlza Ion ca ivent

otefe Dt go ymr&q.angﬁiaﬁﬁﬁ ﬁjt%ma’?ln%/g@é‘%gé%?'}éexene’
i [y gﬁeghaql_gqe&%pe solid catalysts fornmed by

COI’] aCtI ng a so cat al yst component cont ai ni ng

E | ORe afam@ﬁs wm&ém!mt b@nugécﬁctAgeerH@tg@élx the

rred to bel ow as "cat onponent

QIeﬂ?H‘ qRled ThizyMbeCBRANEEd GANBAEKE Polgtbrdation step. In cases

where polymerization is carried out as a multistage process, a different

olefin may be used in each stage. When two or more olefins are used,
examples of suitable olefin combinations that may be employed include
propylene/ethylene, propylene/l-butene, propylene/ethylene/1-butene,
ethylene/1-butene, ethylene/l1-hexene and ethylene/l-octene. In
addition to olefins, it is also possible to use at the same time various
copolymeric ingredients such as dienes.

[0053] Olefin polymers (homopolymers, copolymers) such as
propylene homopolymers, propylene/ethylene copolymers,
propylene/l1-butene  copolymers and propylene/ethylene/1-butene
copolymers may be advantageously produced in the present invention.

The production of olefin polymers obtained by multistage
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15 el ectron donor conponent; and netall ocene-type

solid catal ysts prepared by supporting a netall ocene

conmpound and a cocatal yst conmponent on a granul ar

carrier. Conbinations of these catalysts may al so be

used. [0057] What is comonly referred to as a

titani um magnesi um 20conposite catal yst may be used as
reparation of a

| yst t. I d.int .
BOLGET 208 Woniich s8I eportions o ghBJSPPOTSr Whys serving
TR SnE it kRt T8 GBS e e SORBELE eneciny
followi ng. [0Q58] Titanium coppounds that .my be used
PBC% re cat&yst®®¥Witpondht A ar #O& i Ped a

B A DRSS A e o i
FRABRAePplio ARG ol HIRSLESTo8 oS phase
R S5 HBERIE 10 o, b 39 AR RRUPSABHE B, or
GOBBIRER A B B A0 ML LG ol lefin t
AL SRR GEPRAAB D Fdlbgl DRSO sage,
FRORUEARSEIIOHEY or SREHPI AR EOTRANRE, Sy Bddiional
GIUEE| R, SRS Y IR rSBR 8 acion
bddcadr 8T %ﬁ’?’@?&kﬁ%ﬁ'ﬁf; e§t a%ienﬁ&yrﬁériﬂétion reactor 10A.

conbi nations o er eo
This results in a narrow residence time distribution in the olefin

polymerization reactor 10A, making it easy to achieve a fixed
compositional ratio within the polymer particles. This approach is

especially effective for reducing molding defects.

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

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

customarily called “polypropylene block copolymers”), and have
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[ 0059] Magnesi um conpounds that may be used to prepare
catal yst conponent A are exenplified by nagnesi um
conmpounds whi ch have a magnesi um carbon bond or a
magnesi um hydr ogen bond and have a 15 reducing
ability, and magnesium conpounds which |ack a reducing

ability. Illustrative exarrpl es of magnesi um conpounds
whi ch,.have a reg%n Bgﬁ%fl lity include di aI kyI gnhesi um
COWIBURE  RFORY si §Rgments amorphous

%Sb%rﬁiﬁ Zi‘neg“hyﬁ’wﬁgrzf Eem%g s iampRairRd sudn muiltistage
SRR RS T B T b o
| magne

%ygﬁlg@% ﬁ‘é@gls S%as birtlﬁggyner(ierp e8ficFrygtalline
EmondlPReslelt %%ai%iﬁ Ao oes éﬁm& obtained
Dy FobS gt Ee e Ry A HERESY 4 Z?ﬁﬁ°<i’t§ps&¥i‘“an propylene,
R SRR HiBet S8Rt D UNBO LS o ethylene,
BRpEYICS: arft AT R %%%%%%%ﬁ%@@i’%@@ @?ﬁéﬁﬁ%'hes%hy%ne
%hﬁaﬁﬁfg%ée%?:éi AR rPresthly PRl PR TRENee stk

gbpaly ngr _hase @gne@&m&@m%w% C'hcrabrsleacﬁme%sured in

ity may be conpou

§ 18 hﬁfé drShé alléh ¥ 335eCO rw@fcht ﬁ%féf%&% in a range

cata yst nmpon A" preparaf’i on own e

0 Si c ou havi n bi
?g[ g%'glll?ag?]gct ?(g]n ggﬂorgg,tghat rrg%/l eerggg é‘ fébéﬁfnenzed

p@lﬁrﬁp&le@l@[’wﬂ boﬁolgiﬁé# s ?r‘)!&qféﬁg ;Hlﬂfa%' fé' {lﬁance rigidity

el éCtron donors suc al coh ketone§

ahdlehmpast resisearod,| andcican, tBéfefore The Oﬁ%" fh Uutomotive

i norgani ¢ aci ds, ethers, acid am des and acid

eopdnedRssuch bk danpeA had todt @_irﬁchharﬁndwﬁbﬁs gﬂﬁﬁagmg

as anmoni a, am nes, n| triles and | socyanat es;

démstaireers such iad rogirtatsle fol paekagigd @@ﬁﬂaﬁﬁbrﬁonor s, the

use of inorganic acid esters, organic acid esters and

05 sMarepved, énrthe. pl{eQéXﬁZémedimEh@ dol trdadeni theafblkcular

esters include silicon conpounds
weight distribution of the olefin polymer, the olefin polymer

components produced in respective polymerization steps may be given
different molecular weights. The present invention is also
advantageous for producing olefin polymers having a broad molecular
weight distribution. For example, the intrinsic viscosity obtained by
measurement as described above for the polymer component obtained in
the polymerization step that produces the highest molecular weight
polymer component is in a range of preferably from 0.5 to 100 dl/g,

more preferably from 1 to 50 dl/g, and even more preferably from 2 to
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havi ng the general fornmula R2,540112) 4_h (where R2 is

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

and the letter n is a nunber such that 0 n < 4).
[I'lustrativeexanpl esi ncl udet et r aal koxysi | anessuchas

t et ranet hoxysi | ane, t et r aet hoxysi | aneandt et r abut oxysi |l a

3B gl EboiatEen ASGRRp 16, HoloRskyBvF aHEISS the Intinsic
R R GG o MBORSRL pDiAHed B the o Y merization step
i s e dparastrmolecair aveieRy FOmes Gampaneat.  The
St A, LA R G RAF,aregs letin polymer
AHiERC Y AN S SHynter W HnPoliEhf OSbindd%in the
polymerization step which produces the highest molecular weight
polymer component accounts for from 0.1 to 80 wt % of the olefin
polymer.

[0056] The olefin polymerization catalyst used in the invention may be
a known addition polymerization catalyst used in olefin polymerization.
Ilustrative examples include Ziegler-type solid catalysts formed by
contacting a solid catalyst component containing titanium, magnesium,
a halogen and an electron donor (referred to below as “catalyst
component A”) with an organoaluminum compound component and an
electron donor component; and metallocene-type solid catalysts
prepared by supporting a metallocene compound and a cocatalyst |
component on a granular carrier. Combinations of these catalysts may
also be used.

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

component A are exemplified by titanium compounds having the

- general formula Ti(()Rl)aX‘t.a (where R is a hydrocarbon group of 1 to

23



10

15

20

25

but yl met hyl di met hoxysi | ane, but yl et hyl di net hoxysi | ane,
5 t-butyl net hyl di net hoxysi | ane,

di met hyl di et hoxysi | ane, di et hyl di et hoxysi | ane,

di but yl di et hoxysi | ane, dii sobutyl di et hoxysi |l ane,

di -t-butyl di et hoxysi | ane, butyl nmet hyl di et hoxysil ane,
butyl et hyl di et hoxysi | ane and

e S A RAeh b ind 0S5 A
XAk cAlBsgive SEmPLE dnefids tegaprioRsRRtsd fitapium
aC| d est Sir\s/eaﬂ ﬁ‘:)?arergsatl Cai}g?)%ltthﬁﬁm ster é‘ll}%lpgenated
Atk s franfTihn oy ”Zstueqbe?e#yhfe'ﬂaﬁwftﬁniat etmﬁﬂgnde and
§§¥<¥7Fﬁ&t§ﬂ%§§t enRHT STk Ena ﬁwl? 27 i fom ogppounds
A s Al 9}%% kg e
BRoiddogthdfety bhﬁiﬁgﬁﬁ’ﬁwﬁé@“%k@ "Eﬁﬁise’ S as
ﬁ? SR cﬁ‘lﬁiiéﬁlﬁgld%é? AR LSRR s cand
ac.%@é%ifm@ﬁfh%?hﬂ%aiéfdﬁ. ipeeE Z%%‘%@m
Pﬂfkﬁ%bﬁgm ' et’Ehrs sﬁ as gfli@t%’l er%"l %zq;ehlgs'%lu?mgly or

§§ Eanbleﬁﬁﬁ%’Hg%oeéﬂ%?re%netE ether, diisoanyl

et her ut yt |soanyl et her and

g? but]yl meEBffpoutiefs’ ﬂfeﬁrfﬁﬁxs' [8%{%%5 %o l?f"é?é?@ catalyst

et her and d| I soanyl et ative

e¥poneht A afs @R8I banaghssiune lceRfpoMmids wiith have a

magnesium-carbon bond or a magnesium-hydrogen bond and have a

a

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

[0060] Illustrative examples of magnesium compounds which lack a

reducing ability include dihalogenated magnesium compounds such as
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pol yfuncti onal carboxylic acid halides, such as

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

val eroyl chloride, acryloyl chloride, 5 methacryl oyl

chl ori de, n ori t ol uoyl , chl orj de anlsoyl

aRpSResium oy CERblarids| ord HexyRAERSTUTEN ohalies mmRagh  as

chlgride, itaconyl orjde and phthal oyl chloride.
f?@xa/@aa%aﬁawr% SRloRisle " copaRyinagnebony| | ehionde  and

orldes such a engo hIorlde t.ol uoyl chlor.ide
it PP Sialk e bReaRo deompounds Such as

ﬁﬁg‘g‘;?l al%g eferre 10&&?&6! Exan‘péﬁl%g; ﬁrgafqé%smm
(e ST e
AHRE et B CnBoh A ”\%hﬁ rf@%lsfa‘] FrducifRn e sy be
&%}@%S"WQH it N lslﬁ'a'é%ﬁp”‘é‘ figtedie, ime of
O e RBon AT TR bt Epdivh Tobllad ofpom e
%‘%@‘%l SoraPPe iR s b BN Teconte of
@?%FP?%%E?IS felors P4 085 50 5o 1 pRBEE AR Eotiphent
%@%ﬁ%@eﬁ@@#ﬁgﬁ?ﬁ%ﬁg%‘fe%tﬁ%@%%é%ﬁh .
getggfelsgr%gooﬁﬁsag tai n géegigaﬁ%&% égngﬁté%ﬂ%yltﬂﬁt ani

61RO WHeM, t Acid affidlas CARYNRSH UAhEPaRAsd n?ﬁlsgeﬁ%ontaming

electron donors such as ammonia, amines, nitriles and isocyanates; and

organic acid halides. Of these electron donors, the use of inorganic
acid esters, organic acid esters and ethers is preferred.

[0062] Preferred inorganic acid esters include silicon compounds
having the general formula Rz,,Si(OR3)4_n (where R? is a hydrocarbon
group of 1 to 20 carbons or a hydrogen atom, R’ is a hydrocarbon group
of 1 to 20 carbons, and the letter n is a number such that 0 < n < 4).
Illustrative ~ examples  include tetraalkoxysilanes such as
tetramethoxysilane, tetraethoxysilane and tetrabutoxysilane;
alkyltrialkoxysilanes such as methyltrimethoxysilane,
ethyltrimethoxysilane, butyltrimethoxysilane, isobutyltrimethoxysilane,
t-butyltrimethoxysilane, ~methyltriethoxysilane, ethyltriethoxysilane,
butyltriethoxysilane, isobutyltriethoxysilane and t-butyltriethoxysilane;
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a-thignard reagent in the presence of an organosilicon
conpound having a Si-0 bond is treated wth an ester

- conpound, an ether conpound and titanium

tetrachloride. (6) A nethod in which a solid product
obtai ned by reducing a titanium5 conpound with an
or ganomagnesi um conpound i n the presence of an
;{rﬁ%anosj | i con conpound or an organosiljicon conpound

andisdkpldialkopysianes t puch ed asy odiametfyldimethoaysilane,
a mxtuyre of an ether conpound and titani um .
K’é@ﬁlé(mm §qu:,| owed by an organic Sehefyldimetboxysilane,

compound,..and the treated solid is supsequent]|y .
dﬁléﬁglétﬁdﬁmﬁgwxmaﬁﬁxt ure of an et héi-tdyddineethegysilane,

Doy | RO R ach or | de. andowisEbpimethoxysilane,
R e, 1 2 b
Seibs it oitns: BB IO haNs o ATeobudisthoxysilane,
AT e Xi5Uate0r w thoot such thisliery Idieghoysilane,
R O R AR ™

RS A B lh Rt
?8%%8293% ggﬁf‘é&}é’&ﬂﬂﬁsﬁﬁﬁgf}s& feh %ltaéiﬁﬁ%itiigﬁﬁiﬁi cid
s RO 0L B0 TSR BRI i
e8P 08598, SLATHIGCTENGE' gl AR P s
é@nﬁﬁﬁ [@JP?YOI%"E C&hg’lm rog)gfmét@ %th! gﬁf_')ltltyggt%, ethyl valerate,

, such as en ot ar
methyl acrylate, ethyl acrylate, methyl methacrylate, ethyl benzoate,

butyl benzoate, methyl toluate, ethyl toluate, ethyl anisate, diethyl
succinate, dibutyl succinate, diethyl malonate, dibutyl malonate,
dimethyl maleate, dibutyl maleate, diethyl itaconate, dibutyl itaconate,
diethyl phthalate, di-n-butyl phthalate and diisobutyl phthalate.
Preferred examples include unsaturated aliphatic carboxylic acid esters
such as methacrylic acid esters, and phthalic acid esters such as maleic
acid esters. Phthalic acid diesters are more preferred.

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

[0065] Illustrative examples of organic acid halides include mono- and
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[0068] In the preparation of catalyst conponent A, the
titani um conpound, organosilicon conpound and ester
conmpound are preferably used after dissolution or
dilution in a suitable solvent. Illustrative exanples
of such solvents include aliphatic hydrocarbons such
as 5 hexane, heptane, octane and decane; aromatic

Bl SRar oL catodie 3 i sncihee iR baRalic acid
Baliges a 'l&ﬁlwaré%{t?é? Ticiagkh Bajes al agpmatic carboxylic acid

betieen: hstitivd copmp 1%3%1%%"“ 31 clrids,' Brdpiony!
gﬁﬁm ?Wt‘w%ﬁ “éﬁfq 670 ”Sﬁi@ria 3y ylor chloride,
feRedSiogf rotfp S”ﬁsﬁz‘i%%k tfﬁﬁatdﬁo 1oy} 29@%@% - 8Risoy!
éﬁ%g{eﬁqéé%&mﬂ?gﬁ@%r RALoff el t,'s{x%l@é’li chlgiey itaconyl
ROk =R plbalollHibiRe. ' BiRRATFA s ba PEiRehdy, didpatic
SEBURTS 4GS R %ﬁ%‘%ﬁ%ﬂ%@ b Herick
PHERROF lgrfic, © iRy SHIBARET eSpecidyugdfiiial
il oé”yl%%"roié SSRGS St profitE) Eafy sBimufdhent A

he porous mat eri al . Such porous
iﬂ@tl’ﬁe“ t M’Jvﬁa%

s preferably have a pore volunme at a pore

(S Sl e en P LR e et oo
417588084 Br} TIAAOMAI MACHR elkCUIF dodds, WA priiitaring
rﬁUSthEﬁ' %ﬁﬁﬁg' REtHde dahiihy E@ﬁﬁ)&ﬁﬁ?%rp%?h'sa titanium

ol yhrer s such aS pol ystyrene and

g@ﬁﬁthﬂiﬁdbRﬁﬁRﬁP&oﬁ@P0|ynEfS pol yacryl at e- based
por ous pol yners such as poI yet hyl acryl ate, nethyl

rWeﬁtlﬁ H ¥olid m buﬂﬁréra %B6m ound ofa
met hacry ate and met h cryl at e- di vi yl benz
solib I maghésiuan ctompmh@faﬁ& kas efedtes? Woror }OQ}VMHEQ Stltanium

such as pol yet hyl ene, ethyl ene-nethyl acrylate

conpbundror with apitaniiensdrapeundfaridgs eleerfar donor.

subst ances, Si 02, Al 203 and styrene-divinyl benzene
G9rRleyoting ar Hquidcieagmekium compound with a liquid titanium

-

compound in the presence of an electron donor, and inducing the
precipitation of a solid titanium complex. |

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

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

alkoxytitanium compound with an organomagnesium compound such as
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[0071] The organoal um num conpound conponent used in
the preparation of a Ziegler solid catal yst has at

| east one al um num carbon 10bond on the nol ecul e and
may typically have one of the follow ng general

formul as. R8R8A1-0- AIR7R8 In the above fornmulas, R4 to
R8 are each hydrocarbon groups having 15 from1 to 8

BT 1B el cmpon

4581571 W e A R ot e
R ORI 5

PR LA i i

apaimefd St of a&qna%g%um ssw%mwm of an

§hlor|d ur trlalkl .umnumw th

et fcof SoihtRnt of Sl bieAtetliéth HihBobRd and an ester

ébbﬁf%&%@{%ﬂﬂc h éé&-l et h aI u ’gluag]n@i]%ﬁrél deg ether
E:Sh{r?otlﬂ{&’ la‘ﬂf"tﬂgﬁﬁﬁﬂete(&actlﬁSﬁae, followed by an organic acid

halide compound, and the treated solid is subsequently treated with a

mixture of an ether compound and titanium tetrachloride or a mixture of
an ether compound, titanium tetrachloride and an ester compound.

(7) A method in which the product of the contact catalysis of a metal
oxide, dihydrocarvyl magnesium and a halogen-containing alcohol is
contacted with an electron donor and a titanium compound, either
following treatment with a halogenating agent or without such
treatment.

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

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

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

argon.
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organo al um num conpounds, the use of a
trialkylalum num a mxture of a trialkylalumnumwth
a di al kyl al um num hal i de, or an al kyl al unoxane is
preferred. The use of triethylal um num
triisobutylalumnum a mxture of ttiethylal um num and
5 di ethylal um num chl oride, or tetraethyl di al unbxane

| es of the el ectron

[ preferred. [0073]. Exa ..
i30e8] i@nﬁ}é% ehrena onnOf h 63F?fqpﬁar(&mﬁﬁn@1lt Azithg ditanium
solid ca include the faqllo g comonl y_used
QPMQ‘HIA d&ygangm ICOPRIMPEHA: wﬁ? gSter eempahas preferably
such a oh H ket ones,

used o 131? ony Eg n‘ﬁi‘t"‘é‘i’% BY al@uaabfﬂ?ﬁe?\fﬁnt lustrative
éﬁﬁ{;ﬁ Hetieaf Such ﬁp@\?%%énm&iﬂggr patis caydiadans such as
uc a,:hggmm a%am nes 't@h}?sespﬁ%%@aﬁy ana °8§_t%}’r°§1 s
i@v&%?e YleReg i, Eﬁ%ﬁ%gf’ﬁ@isef r ec?xh' R fexane,
O  AT 8 B Bl g e
SR Bk ooty R Al AR RlrabybitoBiaf Sl o v e
W fri? r%? ﬁ%gggﬁth )8 8? l&l%%f 8Hﬁmnent A, the temperature of
ﬁyc{fﬂope P?agzrtfb?%’ l"%l@ﬁt ﬁ%ér%‘i’lgllngfganomagnesmm compound is

hoxysi

gh gl%{“ﬁﬁyﬁ SO PO ALR e SLANERINTOF BEAIGH activity
?Ifrl] CLB(:St ‘Eﬁsgé}#lgéfﬁf% @f&fgfaﬁ%(ﬁﬁmcﬁq@ %"‘b Rifid more

are each
1*%&3@ ?eﬁioha{ 23 t9epIs T bm%gp@#é@/ addMAE HinkCfor the
rocarbon, aryl or ara grou ons,
b N
ﬁgl’ ustragl ve exa&yﬁggﬁ?ﬁ%c di dgtgs Eg)?o adny ngflrtlcular
Hhﬁ%’uor? ) e‘i‘ieh'él Ufrin kﬁ%ﬁ ko3 '?ﬁf@(ﬁéso RBNEbAGE 12 hours.

, 2-di cycl opentyl--1, 3- di met hoxypr opane.
Followmg completion of the reducing reaction, subsequent reactions

may be carried out at a temperature of from 20 to 120°C.

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

include polystyrene-based porous polymers such as polystyrene and

29



10

15

20

25

[0076] O these el ectron donor conponents, an
organosi |l i con conpound of the general fornula
R15R16S1(OR12)2 is especially preferred. Here, R15 is.

a hydrocarbon group of 3 to 20 carbons in 10 which the
carbon atons nei ghboring the silicon are secondary or
tertiary. Illustrative exanples include branched chain

al kyl gr.oups,such as isopropyl, sec-butyl, tert-hutyl
shreperdivimylbenzeng oalcepolymsiss spekyastylajeibasedt yi porous

and cycl ohexyl ; cycl oal |l cenyl groups,such as _, .

Eh (SHEY as Q%Y%ﬁvh arylate, yhacgrlatgrdigimyl benzene
tolyi. In this 15 for ia, R16 is a drocar bop group
6PPolYmerty car BAYMEYlst r atMEEhaSIKHiPes ofathi ch methyl

o5 B e o e 5 g perons
Pofymars s5eB, & palisiEoastey ctuiEhe metyL S5uiats) copplymers
389 BTV PY e Cciess TBNg) SURuRRery | Sthodthih and
s tePalifiiRhete Comolyuie H HRERIBEL, Bon or oup of 1
ONP LR rgaoal b e oG BERLR° FuPpBRRGC s " the
BEARARAPE A FibRr R kst M gt ast Gl SIRYSfRrbon
RGP s eEL T BRC Rl Mifeally Pts |6 8F the following
gﬁgﬁﬁgﬁhﬂﬂhﬁﬂp1conpound conmponent is used in an

per nole of titaniumatons in catalyst
conmpongpnt of generally from1l to 1,000 noles, and
preferng¢d??8h15 to 800 nol es. The el ectron donor

conponRFR_' _Fﬁggl'@@hn anount, per nole of titanium
atons 1n catalys conponent A, of generally from

T tht 0P RorTRums, Py & K" chb TfirSghtbo Bdhps having

nmol'es, and nore pre

FoR{ 8 168 ahdboinsS AREOYeR! a'?iailéé%‘?% A g@)rch*g%&v Br an alkoxy

conmpound conponeht and the e nponent

p - bai
gﬁsemhe R ey G0t gyt @ach b the SR dITRIRAE o@%ythgge&er m

mul ti1 stage polynerization 10 reactor,

RePALAIRsuchGhaP2 (O &l ti st age pol yneri zati on

reactor, then contacted within the reactor.

0A2nHhisteltive aexampled! dfhefie C@E‘%’&{tﬁlﬁﬁﬁﬁﬁm f icbsipound

e contacted wth eaCch other, and the renaining

ent inchsknudalkylahimimiths | sich eentdethyldliniiiim and
respecti ve conponents nmay be brought into nutua
triisbbatylalunainuinyy al i Hjalkylaluminum  hydrides  such  as
diethylaluminum  hydride and diisobutylaluminum  hydride;
dialkylaluminum halides such as diethylaluminum chloride and
diisobutylaluminum chloride; mixtures of a trialkylaluminum with a
dialkylaluminum halide, such as a mixture of triethylaluminum with
diethylaluminum  chloride; and alkylalumoxanes such as

tetraethyldialumoxane and tetrabutyldialumoxane. Of these
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150f divided portions. [0079] Exanples of netall ocene
conpounds that may be used to prepare the

net al | ocene-type solid catal yst include transition

nmetal conmpounds of the follow ng general fornula. LiM
20ln the formula, Mis a transition netal, x is a

nunber which satisfies the atom c val ence of the
transition netal M and L is a || gand at t ched to the
oFgangalNBHNHE: gpmpqundsadhe dise ok drieliaaluminums axmixture

l'igand h a cycl openg adi en el eton 080]
‘Pﬁe%r&ﬁ%ﬂ%ﬁ%‘@m Wi f% ii@lualﬁlnéam@)mhasl , Or an
oyps 3 to 6 250f the P r|od| Tabl e of the‘gk g&nts
9@@@% 13ndP ?’é’earefer yttsetaﬁfuran Y

or haf piu 0081] ngands L havi

Wlép H@H ) sk et GRIHHES ex I i mggl}ﬂ9lqm1num and
?‘irfl GlS B?Q;g&r_e rred.
&ng | tut.eu%pS (%g d| e%&éyamjlﬁg,?‘éﬁsubst I tut e?.g d
[0S B sﬁ?%?éﬁ% oG bIDGPEy EPBRIERY g, in the
g?énm é{l@ﬁc a %% 0&;{% It b“mﬁ”ﬁ}ehi" ﬁgd g %rc])trr?r%lonly
{léflfcim ‘%}E{fh@éc')dcéﬁgﬁé gjﬁ}}{g@‘ﬁ-contammg electron donors such as
8@%%1%5% %ﬁ%ﬁb?ﬁg@@ﬁd' ﬁﬁ%ﬁm{:ﬂgf&fqgng};aglds the esters of

atB: qﬂg@%ﬂlc %7% %#1@ gg@/?m?dé@agﬂa 'dofd GANY drides; and
‘.]'ﬁg%éﬁ%{ onﬁﬂﬁﬂ AR or? dbfibls BHEN 'ds" SR dnih; Riine8  triles

a61§§ iSoQytinatés) 0! thBsd dctPoth Mordd Ubthpdnbits! ifighnid deid

esters and ethers are preferred.

._n
- W ypy

[0074] Preferred inorganic acid esters include silicon compounds of the
general formula R%,Si(OR'®),., (where R’ is a hydrocarbon group of 1 to
20 carbons or a hydrogen atom, R is a hydrocarbon group of 1 to 20
carbons, and the letter n is such that 0 <n <4). Illustrative examples
include tetrabutoxysilane, butyltrimethoxysilane,
tert-butyl-n-propyldimethoxysilane, dicyclopentyldimethoxysilane and
cyclohexylethyldimethoxysilane.

[0075] Preferred ethers include dialkyl ethers, and diether compounds

of the general formula
RII
I
R'*0—-CH,—C—CH,—OR!
I
Ru
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2,3

- di met hyi ndeyl , 4, 7-di net hyl i ndenyl , 2, 4, 7-tri met hyl i nde
nyl, 2-nethyl-4-isopropylindenyl, 4,5 -benzi ndenyl,
2-met hyl - 4, 5- benzi ndenyl, 4-phenylindenyl,

2- nmet hyl - 5- phenyl i ndenyl, 15 2-net hyl - 4- phenyl i ndenyl ,
2- et hyl - 4- naphthyllndenyl fluorenyl,

2, 7-di net hyl Iuoren i -tert- but | fluprepyl and
Tavibe abewe Xi‘of Otﬁe A veach n a3t @ fincar or

he pl raI ands havin
@y aliGrloalieyehe f & faliord,enoup of 1 to 20
nut.ual |'y I i ke or_ynl | 20[ 0082 ands L other_than
pﬁﬂwsﬂ Althepgh é@,m e lizag;ag! %e £ ngatom. Illustrative

gﬁghé%heﬁy gggagaﬁﬁgzﬁzgggﬁ ozgsgrh lo%ﬁaV|ngﬂhen
@sggu&lafhe Wé‘? ﬁgﬁﬁsrﬁgehg%roaton‘g gggﬂ ng and
e - RSB exempl i {1
%ﬁ%ﬁ tﬁ’e&? aL Ic?r gﬁﬁﬁgﬁ cgq%g%ggg lx;f: fgugzganosﬂlcon
iR OX¢§ ﬁ{i F é Loﬁ;) & h§ry gk ou 1l
SheRm o E%%%! £BitHbla ok dF) S@%”ﬁ VEspcially

BRfSERC o tpfl ROTHH o6 B ERGARREL RO 0 a?%%”%afbons in
PHiGH i ' @??ﬁ@m% fRhgonfhe the Sicthd e’ Hfcdtithry or
ary%g;ar enw@grou@%e%&?é mna?%P@ﬁgﬁéallna ?ﬁgléggoups
i, B¢ ‘%aﬁ“?’??‘ B, hetr B Bhd SreoimPBe oAl Boups
%‘%*S Z%Se%ﬁ?%é’ﬁ% B0 EoRRyL eycfilleRf [98Rs such as
%Eﬁ ngfr]]e et hy Plré%%ﬁg %?%%S%? ?Ebs“tut ed St this

gclsﬂﬁmlae 'I@mgfsohipﬁ &ftmreésn d%fqamwnptteyts bons, illustrative

sopr opyl i dene) and di phe t hyl ene; silylene
gxsmpies 6P Reltichunethdd kﬁ'h%lﬁ cHatt RkFL FodSs such as methyl,

ethyl, propyl, butyl and pentyl; branched alkyl groups such as isopropyl,

sec-butyl, tert-butyl and tert-amyl; cycloalkyl groups such as
cyclopentyl and cyclohexyl; cycloalkenyl groups such as cyclopentenyl;
and aryl groups such as phenyl and tolyl. Also, in the above formula,
R" is a hydrocarbon group of 1 to 20 carbons, and is preferably a
hydrocarbon group of 1 to 5 carbons. Illustrative examples of
organosilicon compounds that may be used as such electron donor
components include tert-butyl-n-propyldimethoxysilane,
dicyclopentyldimethoxysilane and cyclohexylethyldimethoxysilane.

[0077] In the preparation of a Ziegler solid catalyst, the
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15 di net hyl silyl ene, diethylsilylene,
di phenyl silyl ene, tetranethyldisilylene and
di met hoxysi |l yl ene; and heteroatons such as nitrogen,
oxygen, sul fur and phosphorus. O these, nethylene,
et hyl ene, di net hyl net hyl ene (i sopropylidene),
di phenyl net hyl ene, di nethylsilylene, diethylsilylene,
di phenyl si.l yl ene and 2 dinethox¥silyl ne are
SEFEReaAPMIngNE: comRRNING gomonent Js Used ik BN s per mole
tal |l pcene conpounds incl ude '
o ${LaY B FomadDeralBDist SORIRARRNE fh-0pf generally from 1 to 1,000
&é&ﬁgt@éﬁh ,%%q?‘ggﬂ}} ﬁg}aﬁgﬁ zjtﬂ é&g} mmug%s?hl ﬁlledglectron donor
25bi s(4,5,.6, 7-tetrahydroi ndenyQOzi.r coni undi chl ori de,
comOLiS uSpH A, FRAtboRe TalR ca g e, atoms i catalyst
Ao R IA YL FBRLATY KR! B B 5! GRF R, SREabE oo 3
i | si;Lyl enebi s(i nden | kconiuati ori deand
to TGt R Bl R RGHARD PR O S B0l
' I tyl -2- OXW) ttani Lghloride.
ST SR rReBRERCN, L HBAATLEA compound
component and the electron donor component may be brought into
mutual contact before being fed to the multistage polymerization
reactor, or may be separately fed to the multistage polymerization
reactor, then contacted within the reactor. Alternatively, any two of
these components may first be contacted with each other, and the
remaining component subsequently brought into contact, or the
respective components may be brought into mutual contact in a plurality
of divided portions.
[0079] Examples of metallocene compounds that may be used to
prepare the metallocene-type solid catalyst include transition metal
compounds of the following general formula.
In the formula, M is a transition metal, x is a number which satisfies the
atomic valence of the transition metal M, and L is a ligand attached to
the transition metal. At least one occurrence of L is a ligand having a
cyclopentadienyl skeleton.
[0080] The transition metal M is preferably an atom from groups 3 to 6
of the Periodic Table of the Elements (IUPAC, 1989), and more

preferably titanium, zirconium or hafnium.
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5t he dichloride has been substituted wth di met hndde
or di phenoxi de groups. [0086] Cocatal yst conponents
that may be used in the preparation of

net al | ocene-type solid catalysts include

or ganoal um nunoxy conpounds, organoal um num conpounds
and boron conpounds. 10[0087] Illustrative exanpl es of
t he organoal um nunpxy conpounds

108 Lbédgendsndy Mavingiausy elopgntadienyhskalpton argnexesmplified

di al um noxane, tetrahexyl dial um noxane,

, tetrabuty

fzyt @wb@tweﬁlgm‘;éop@m 1yl ngrespen d substitpted Ju mdenyd rgroups
| al ' . [0088] I11 ti I f

Sﬁéakgﬁsﬁﬁf no@.\@;@gﬂane ii S gmi]gpsudeﬁlturs?ralti\\//% ee)éc%rnpplgg ?nclude

auloperiadny ] e iivelantn@dioni deyt-brieiolapeniadienyl,
Doethdcyclopentadienyl 2™ € e RF RSB fopentadienyl,
st QST CRDRBIAUAN G nor at o)t RERSBBHSTSSREOHAiRAYL,
ﬁ(fkﬁh&ﬁgﬁ%&;ﬁtpﬁwgﬁﬁ:heﬁgrllearl'?éﬁl?'ic%fc?ggentadienyl, indenyl,
4,5,6,7-tetrahydroindenyl, 2-methylindenyl, 3-methylindenyl,
4-methylindenyl, 5-methylindenyl, 6-methylindenyl, 7-methylindényl,
2-tert-butylindenyl, 3-tert-butylindeny], 4-tert-butylindenyl,
5-tert-butylindenyl, 6-tert-butylindenyl, 7-tert-butylindenyl,
2,3-dimethyindeyl, 4,7-dimethylindenyl, 2,4, 7-trimethylindenyl,
2-methyl-4-isopropylindenyl, 4,5-benzindenyl,
2-methyl-4,5-benzindenyl, 4-phenylindenyl, 2-methyl-5-phenylindenyl,
2-methyl-4-phenylindenyl, = 2-methyl-4-naphthylindenyl, fluorenyl,
2,7-dimethylfluorenyl, 2,7-di-tert-butylfluorenyl and substituted
versions of the above. In cases where there are a plurality of ligands
having a cyclopentadienyl skeleton, these ligands may be mutually like
or unlike.
[0082] Ligands L other than those having a cyclopentadienyl skeleton
are exemplified by heteroatom-bearing groups, halogen atoms and
hydrocarbon groups (excluding groups having a cyclopentadiene-type
anion skeleton).
[0083] Examples of the heteroatom in the heteroatom-bearing group
include oxygen, sulfur, nitrogen and phosphorus atoms. Such groups

are exemplified by alkoxy groups, aryloxy groups, thioalkoxy groups,
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tetral ds(pent afl uorophenyl) borate. [0090] The

granul ar carrier that nay be used in the preparation
of netallocene solid catalysts is preferably a porous
substance, illustrative exanpl es of which include

I norgani ¢ oxides such as Si 02, Al 203, MO 25Zr02,

Ti 02, B203, CaO 2ZnO, BaO and Th02; clays or clayey

inerals such as snectjte, nontnorillonite,  hectorite,
&Q@W andSEAHB t & gaBFQURH| yrAtylamsing, agroups,

TN TV ST —
2504300 S8 St LA P30T SRR o
S 3000 AL RS PR ROAY ied, Saive
10t 42510385858 il B G388 g
Ning B4 e ETAEBRE Bh A R 5,
BB, A5 R BB BRRE°S, 0 aoe T ansi ati on of PCT

AT T B Mflors 1igandei0 Sy BARERE1L AN 10 cach other or
G B iked itddh D2 dRE Rolrintlel of A8400nc WRlof atom
ge1ebidd ¥romo! b 2@k iR, ﬁli&Bﬁatlﬁ&g)genco 1 u:] aﬁ}nfgtg and

as an organoal umAum conpound ot "a on C

ﬁgggﬁfankoaﬁdﬁsr ifq | gﬁﬁ%a@xmdﬁm Ua?g me%gsai]u%? include

ocene-type soO cat al yst “and e coca
RSRENT BlotRY 50th a5 MBIV IoA, Sy leri atd Bropjlen, Sbiftuted
ANTRER, CRIUIRE, I B CARRepSAXERLY A, TyprOpya0cAdy’ and
e Ty o ey o e Epicte BElups sheh as

dnfsthiyisitylene] i cl e di aghéttiylsifylehe, above ol g@ipienylsilylene,

tetramethyldisilylene and dimethoxysilylene; and heteroatoms such as

nitrogen, oxygen, sulfur and phosphorus. Of these, methylene,
ethylene, dimethylmethylene (isopropylidene), diphenylmethylene,
dimethylsilylene, diethylsilylene, diphenylsilylene and
dimethoxysilylene are especially preferred.

[0085] Illustrative examples of metallocene compounds include

bis(cyclopentadienyl)zirconium dichloride,
bis(methylcyclopentadienyl)zirconium dichloride,
bis(indenyl)zirconium dichloride,
bis(4,5,6,7-tetrahydroindenyl)zirconium dichloride,
ethylenebis(indenyl)zirconium dichloride,
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pol yneri zation catalyst is generally from5 to 150 gm
In a gas phase 25pol yneri zation reactor in particular,
to suppress the scattering of particles to the reactor
exterior, it is desirable to use a catalyst having a
mass nean particle dianeter of preferably at |east 10
gm and nore preferably at least 15 gm The

B S B e o
e T
e BaRity B aBefiv By SRRV OH ot Rse-Ffdehenoxy)
gi@@i hHéqt ﬁiﬁlg&&g;?&ﬁg}g{({ﬁ%ﬁ%ﬁpﬁg glllgly .eeqiompounds in which
B RCHIEBIA B it Sb¥iturdlt il Bt O ciphgmeide

%%1? fins that may be used in prepolynerization
XRie the ol efins that may be used in the

OOR6T, FRRAIYSE %@%@Eﬁ%?‘%ﬁo@%&é{ Be iyl B3 RePalilch of
R S e
A 4T o B

m y CII!lﬁs’ﬂﬂét% | Skathple’’ bf %eﬂb?g#lﬁcgalgénﬁlﬁﬁlé L& mpBunds

tron i1s sonetl S economcC vant ageous.

ﬁi&ﬂgéti oNn fEYarkeiHiAd Al GmhiRbkas! N9 at&f‘ééiﬁygi%éf%ane,

sem bat ch-type 20systemor a coniti nuous sys
teimbmRyRliARARi O ahleS tétrah SRBERNuRindR&ne, methylaluminoxane,
prepol yneri zati on catal yst i s generally from5 to

tH308usinoxAn 1RhasRiokahy Rid Bty lafurhRfsidle. | N

-

G
~particul ar, to mnimze scatter to the exterior of the

0ORS Ty ghtoshafoiar ¢onponhgs S
timethdalurhindm, desi rgfitRyfabiminum, tri-n-butylaluminum,
triisobutylaluminum and tri-n-hexylaluminum.

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

[0090] The granular carrier that may be used in the preparation of
metallocene solid catalysts is preferably a porous substance, illustrative
examples of which include inorganic oxides such as SiO,, Al,O;, MgO,

Zr0,, TiO,, B,03, Ca0, ZnO, BaO and ThO,; clays or clayey minerals

such as smectite, montmorillonite, hectorite, laponite and saponite; and
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t he anmount of prepol ynerization catal yst having a

particle dianeter of |ess than 20 gm and especially

| ess than 10 gm to be low [0097] The polymerization

catal yst may be introduced into the reactor as a

suspensi on in a hydrocarbon solvent or the |ike.

I ntroduction by entrai nment with nononer gas or an

i nert, gas ?uch as q%%{ogen i's alag 5possi bl.e. [0098]

przaniref POlymsauct ush prascegpolyethylengy palipropyenes and

of prodycjing.a polyolefin using the production system
IYHE’qrhe@%H?CQRBBGPﬁém i s described. [0099]

3

30 MRS S5 e 320 K epon
el aneSbi,rior @Rl dapatsis: PalsthvAsbligyion Lsdopen No.
S EPrEs 0l Fastanzs® BteRt ArgicatsRt Lid-open No."§ 60-35007,
LA L) R Sl 0] TR0l e Paen
ARnliGREitE o gl Rdt 61210881 Bntestobétbnt Kpplication
EALE . S TR T SR S BLEE 3HE e
B G 22loqoR, TaBab S bRl BpARRIBA TR PRSP i 89505,
?@ﬁe’gga%tﬁﬁd 1iEAtfor? rfeiiﬁ[@;g%:ﬁ( Nroonl-lo'ﬁgi%?gggﬁ%g’?nese

a pol ymerizatiton pressure ow st andar
TR Cof RO TR HERIGE os PL 1302006 Japflesd Patent
{Ag)%fc%ﬁﬁh%alﬁgdpé}?m 59565 g% %Pﬂgfapggéé% Phjﬁgﬂ é@l}caﬁon

erature varies accordi ng

1 BR1-BPLANG AT 72Daipeof the product
[0092] When a metallocene-type solid catalyst is used in olefin

polymerization, a cocatalyst component such as an organoaluminum
compound or a boron compound may be used together if necessary. In
such cases, the metallocene-type solid catalyst and the cocatalyst
component may be brought into mutual contact prior to being fed into
the polymerization reactor, or may be separately fed into the
polymerization reactor and contacted within the reactor. Alternatively,
the respective components may be brought into mutual contact in a
plurality of divided portions.

[0093] The mass mean particle diameter of the above olefin
polymerization catalyst is generally from 5 to 150 pm. In a gas phase
polymerization reactor in particular, to suppress the scattering of

particles to the reactor exterior, it is desirable to use a catalyst having a
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25and ot her factors, although a tenperature bel ow t he
nmelting point of the olefin polynmer, and preferably at
| east 10C lower than the nelting point, is desirable.
Specifically, the tenperature is preferably fromO to
120C, nore preferably from20 to 100C, and even nore

preferably from40 to 100C. It is preferable to carry
out polynerization in an environnent which is

fanst Hanapatticle cdiagretapiad: preferably @ keashdd) ¢rmp and more
BoF (eI a8t 3 et THR Bolyreazaias 6Atalyeh iroflae present
Eﬁ?l%?@meiﬁi PoN mlode gdfivearaisy o Gndin fdxys?fattirdn” atd and an
B ¥&‘§fc'e§3h‘§%3° osber cw@i)tﬁd%hliﬁrwgﬁmgﬁ%gfme@'@t%mupf the
0.5 mnto,ahout 5.0 nm whi c ave been obtai ne
pissent apbogiment, coReQrBiiaBY Useomayy alse PRemafls e chain

2A hﬁouph gnf eg ljne L6 ¢ ng teg to Ii(nee L5. The
banshetc At Jnchc s chPdigen JOF rber purRoss b iSiulbiing the
nost _of ten .parti.cl es ich do noticontain a catal yst
Ub‘ﬂ'ﬁﬁﬂ twﬂ%ﬁﬁgﬁée POIXMEri zati on activity, although

ence, w.t hin,the .15particl.e a_catal yst

[GoRf TRE" Slettn, "pBIvmErZARoh: | GiiaRst] e "€ V2" so-called
Pres AP Battomeftaly S KRR, A PR RS nstiitfon f'a smal
DS " SRRt M A 80"
BT DRL inehhd U SHleBROIbAE | iy ché PhEEE in the
%gﬁnlé’-c@le%ribé‘& e&%{cﬂf 965 thil! Glse'! gi{ng?e g&ﬁg of; olefin

e concentrati on ns near e’ cen

b1, B4 YREETRIBR8 b BB EFATOIEIERRERe Head a5PBH used
t’&ée"t‘héﬁe gas. Meanwhile, an annular particle bed 8b
[0095] Methods for producing the prepolymerization catalyst include,
but are not limited to, slurry polymerization and gas phase
polymerization. Of these, slurry polymerization is preferred. The use
of the latter in production is sometimes economically advantageous.
Production may be carried out using a batch system, a semibatch-type
system or a continuous system.

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

the amount of prepolymerization catalyst having a particle diameter of
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25in which particles fall in the manner of a noving
bed under the influence of gravity is fornmed at the
peri phery thereof, giving rise to the circulatory
novenment of particles within the reaction zone 25b.
[0103] Once the spouted bed 8 has been forned within
the reaction zone 25b, the polyolefin particles

contalnl a catal yst ,component haV|ng a
um@esmwlly hess thanel G pakde balawe ol efi n
zatlon reacto are fed fromljpe L5
?ﬂsﬁ mm‘cyp sﬁaenzmmnétatefyeb Faaybe inredyssed impithe reactor
ti me, thereby ng. st eady-state, opgeration of the
85ed suswsm in %ﬁﬁowhenoﬁo yemt of @h@ﬁﬁcqve altFeduction by
part .of the ef m nononer-contai ni n wags forms, a spout
@& Wﬂéé‘ﬁg FHONONKE i €1 e«nemsedg neh qshlaglzrogen IS also
naﬂﬂder of the 10 gas diffuses into the annul ar
2581%¥e bed 8b. In this way, the ol efin-containing

z@m%ﬁa@g@ﬁmﬁmﬁ@sn?ng‘: ning 2 catal vt
IR N R M R —
TN b Nk
S48 RARp IR AR SO SRR e
Bauald RO ioR" SedBy: el bl DR kgt
SRS ) A 5, gl
SRS R e (ol oty U
9100 SEBLRAEY) (REARELAERCCin HE ABMSSOBALRIRY rectn

YOAS dnsoﬁéfﬁ?-cbﬂfdlﬁﬁigggs? fed‘%lég €1.30, b6 the ¢ cylinder 12A

PO ymerl zat1on reac aril ous rmJI as have

SAQRE el U td R IR A SUREL | lion o

whlch the interior of the cylinder 12A is heated The polymerization

pressure, which may be any pressure within a range at which the olefin
is capable of being present in the reactor as a gas phase, is generally
from standard pressure to 10 MPaG, preferably from 0.2 to 8 MPaG, and
more preferably from 0.5 to 5 MPaG. At a polymerization pressure
below standard pressure, the productivity may decrease. On the other
hand, at a reaction pressure above 10 MPaG, equipment costs for the
reactor may become high. The polymerization temperature varies
according to the type of monomer, the molecular weight of the product
and other factors, although a temperature below the melting point of the

olefin polymer, and preferably at least 10°C lower than the melting
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ms =dr VA)U3 2gLs s PG xi Pal" - (1) di, di,PaL P

AR ) In this formula, dp is the particle

di aneter, Ps is the particle density, PGis the gas
density under the pressure and tenperature conditions

of the reaction zone, PAIRis the density of air under
room5 tenperature conditions, and Ls is the hei ght of
the spouted bed. For the sake of vol une eff|C|ency and
pointoinfasineble. stSpacifiepldyitthe temperature ds prefiesablyl from 0 to
faor the |ower Li in the spouted bed hei ght Ls to be
420°Co mpke ptrﬁﬁerg%bﬁ giom a2 t0ot 0QHe, spduavan peerei preferably

rp on_than the top end 30a of the tubuylar
%rmlgfég 30. f&bi@ it wgr%blsn%@aﬁw out polymerizaonnia an
spout ed bed, e.u r I| spout ed bed hei ght
E VIrQnIEIH eWqully 1% gﬁggtgnp RaY ﬁ% Ql}mtur%vel fpregence of
ed bed js at a lo 0si.tion than upper . .
BUNRHEE Babt e i, poly meRaHoRS GV (i hsc BB fymerization

0 The, spayt ed bed height Ls within the reaction,
%0 s AlsObqhgl PreSCRre Qa6 eq S, OLHES n ATRAN JpoRPRide or
be

%oﬁfi i gﬁﬁﬁg ST O e opApeIuTRAY Jower the

atlo ﬁ ed it is equal to or less than the
ﬁg & V d height LsmAx. Various formulas for

I t he maxi nu out ed bed height Ls have
@@L@ﬁpm S, AR b, PSRN 2fHom
5888 65Pmit Yoabb1t "6 Thim WRiSH Aave bech dbtained separately by
a known method are fed to the cylinder 12A through a feed line L6
connected to line L5. The polyolefin particles fed into the cylinder

12A are most often particles which do not contain a catalyst component
having a polymerization activity, although the presence within the
particles of a catalyst component having a polymerization activity is
acceptable.

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

influence of gravity is formed at the periphery thereof, giving rise to the
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20 d" puz iy",f In this formula, ut is the
termnal velocity of the particles, and unf is the

m ni mum f | ui di zati on velocity. [0107] The olefin

pol yneri zation reactor 10A according to the present

enbodi nent exhibits the follow ng effects. Because the
extension tube 40 is connected to the bottom end 30b

of the tubular baffle 30, the upward flow of gas
witicrlatory aneeemenbal paricles withingthefreac@on lzpnet2ih.e so
BATO3 1 Cdacethey spoukied thech fnbad Bsme lpraed Githin dhe rection
%%%ree%bf r{ﬁesggf;oelgﬁge%a?ti&%g cks)gntfalijrlliln)é a catalyst component
having a polymerization activity that were formed in the olefin
prepolymerization reactor 5 are fed from line L5 into the cylinder 12A
at a constant rate per unit time, thereby commencing steady-state
operation of the olefin polymerization reactor 10A.

[0104] Meanwhile, part of the olefin monomer-containing gas forms a
spout 8a and sweeps past the particle bed, while the remainder of the
gas diffuses into the annular particle bed 8b. In this way, the
olefin-containing gas and the polyolefin particles containing a catalyst
component having a polymerization activity undergo solid-gas contact
and the action of the catalyst within the polyolefin particles causes the
olefin polymerization reaction to proceed, resulting in growth of the
polyolefin particles. The polyolefin particles which have grown in the
reaction zone 25b are then discharged from the particle discharging tube
35.

[0105] For a stable spouted bed 8 to form in the reaction zone 25b, it is
preferable that the following operating condition be satisfied; i.e., that
the gas superficial velocity U, be equal to or greater than the minimum
gas superficial velocity Ums at which a spouted bed is capable of
forming. In addition to the physical properties of the powder and
gases being handled, the minimum gas superficial velocity Ums is also
influenced by the shape of the polymerization reactor. Various
formulas have been proposed for calculating the minimum gas

superficial velocity Ums. One example is formula (1) below.
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5 sustained. Also, owing to the presence of the

extensi on tube 40, polyolefimparticles that have

begun to fall down through the gas inlet orifice are
pushed up by gas entering frombelow within the

tubul ar path 40a of the extension tube 40, and are

able to return once again to the reaction zone 25b.

10[ 0108] Moreovgl, | ower apd upper conica
baff] es od P2 hage )V i\ndri cal portians
21cUnHd= fé%ﬁ% f ctarklisd el %iﬁﬁ%iae redct'i on &dne

25b is I enatféng the tion of a nore

st abl e_spouyted bed 8. [0109] The spouted bed 8 which

i s for dBdthis tiermulae deyisi thes parteleodiaraeteiie ps| isf the particle
pol ypreri zat,i on reacti on 10A enabl es a narrower

SENBItY) da dsi the @as; idepsiys updenthen pressvee aaid eteseperature
than.with ? | ui di zed bed. Accordingly, in the
COREILRRYS ﬁ}ﬁoﬁf@pﬁ@n 2one)| Rarnispdle AeRsityyoicairryndey room

SpREHHES cobRit o 91 Lrofk the biighs ot Tachpouted bed. For
N T L T——
o ByeEihlR TR taé oWt VBN 8 e sBopfac Po detgh 16 B set so
it R Bon AL 160l e CSro s A Lt O i i oiition an the
R 36171, 30ar o B Antifil, Baefie a0 0 AISS, i B, SERtESint of
ORI B5p0e0 0, BRI, B S el Lo i
BRSERLIR et b o MR s eI s  Lower
BORHRA HntReUpier bRt BE? WhibhFhSlioddEs hbeflector.

[0106] The spouted bed height Ls within the reaction zone 25b is equal

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

below.

Lsyy _dp 0.218+0.005(ps*p6)gd,4 C e (2)
dy d,

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

embodiment exhibits the following effects. Because the extension tube
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5 which a plurality of spouted beds 8 are forned

instead of an ol efin polynerization reactor 10A in

whi ch a single spouted bed 8 is forned, the pol yolefin
producti on system 100B according to the second

enbodi nent of the invention has a configuration

simlar to that of the polyolefin production system

100A of the first enbodi nent. The 10description of the
46c im ¢oansolgidntmithgi bettomeeod 36kl of ghe rtubtilar baffle 30, the
those features which differ fromthe first enbodi nent.
upward Bewsobgas witlinche reaeidon zene2 Jvisysuffictently stable so
reactor 10B is conmposed prinmarily of a vertically

thate eviengiicthe gasr valpsitys prdcihei aaoundsof particles” within the

provided withijn the cylinder 12B, .and five tubul ar
batmest zgne dagtuate iyseamgregteenthespeytedbast Svaamebe fully
inside the qylinder 12B. . The conical baffles 2Q and
SREAmAsh| aAlbaY OVERgs00 Aihe drssRIcEd of| the extensionntube 40,

axial, directjon aof the cylinder .. It is preferable,
pekyqlﬁgnc%m 75 Hhatr s boetndor Fl down Srobiay g8 inlet
to.all be disposed coaxial wWth the center, .axjs o he
OSitita P TRABCOI5] Y S0 GTHCTIRG BPex belob i Hin s i BHlar path
react 10B, five reactjon zones,26 are forned in a

40r elcthe extensian qubs AU, Ahd AtAblotd TRRER Pace p2aR to the
zone. 26 is egi on encl osed by the bottom surface of
Eeatqilcﬁﬂ%‘?n%%h e 30, the top surface of the tubul ar

FHSAEN R b, B M AL 21
82 o ety CRy i ariar eatiRs are 60" S 8 ooy f ees
Prtntfabe S8t GPRE £t ot Siifter BRafig HEE foyhdfion of a
PRECSIFIR SR BELOPE S chetweon. [0113] Wehin each

(80N, Phe el bl s et AR WPCRhe P 124 of
8 Y BRS04 B TS AP i
RIS R FRFIMERF 1, FORR, Bhnf ARG S FPUNER e
ARRBEdingh?d ih Ntife "EOEIuSEST prducBioh"If olefin polymer, by
carrying out polymerization with a plurality of olefin polymerization

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

freeboard zone can be shortened, enabling a high volume efficiency to

43



10

15

20

25

of the conical baffles 21 and 22 according to the
first enbodi nent, and 10 has a cylindrical portion 20c
t hat extends downward from a peri pheral edge of the
bottom end t hereof. The topnost conical baffle 20
functions as a deflector for spouted pol yol ef m
particles, and the bottommpst conical baffle 20
functions as a flow straightener. The second to fifth
berdchaevedhffl es 20 from the top each function as a
15defl ector for the reaction zone 26 directly bel ow,
40410} Seconddimboghiimenér s for the reaction zone 26
directly above. [0115] Four upper dovvnconers 35a are
My@&éﬁlgm@@tt@ pustenm hr ough each of the four upper
tubul ar haffles 30 within the cylinder 12B, and a .
bot t omAsade doeiay eagloying aB\eleta polymperization reactor 10B in
per downconers 35a al | ow

t ub baffle 30Q. 20 Th

p%mi%iaf"éfmﬁp@n& @%eﬂoq%ed émq“ St BomieakOripee r insteast ofan olefin

PR BeTZaHoRdRACETEl 0855 WHiGH A ungleespontsd bed § 15 formed,
articie ééon1t e hottonmobst i8 tion zqne 26 %%F :

& chabipletine bsarticdons Sysed o008 (arsoedmader thes second
Si B e sahvorr biad FRRBIR RS S Taat et 8F e
to, b i sch dt b t it hout .
borefths SRaEdSon ot S e, theP e Bodient, seThe
{Bker G 1850 %650 SRR G BRSSPl S

SRR PR iy 5 Rty oo 0o

RO £ e 9B, LRI Bie et RERREFIRR s
ElRaEN iakly R8 ST iR g SRIRIGCI S LS gdica
B0 fUoNAHRY AL 1B e n D2, L BitailpE etles
RieshPaf k. Sagher TREHED) BOCPRAIAR, iRfge The VIR T2B.
T8 G bRed AN WL ABP A & 36 3 INGREY altermately
;rggfyxgﬁ%bgsﬁ difsqisth of B 'e3tidder! 128, L3P RNPrdReifBY for the
conical baffles 20 and the tubular baffles 30 to all be disposed coaxial

with the center axis of the cylinder 12B.

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

inside surface of the olefin polymerization reactor 10B at the top
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15[ 0118] A liquid feed nozzle 50 for supplying liquid

ol efin separated by the gas-liquid separator 66 from

outside the cylinder 12B to the interior of a given

reaction zone 26 is provided on the cylinder 12B.

Specifically, as shown in FIG 2, a liquid feed nozzle

50 is situated near the bottomend of the extension

t ube 40 provided on the_second tubul ar 20 baffle 30
theneofhthe opside csua&oawﬁ&lfa@ubula@ haffley30 iditactlyotharehelow,

toward .t he spout. 69 and a line L20 are
aodrtbetingidesurface of 5@ pmﬁl@éuom&cjélm@elf &Bﬁbémb@gween

Ilquefled ol ef m nononer as needed. %19 Al so,

PO L3 iWithin @&h ﬁﬁa@ém geneol6, an ql@ §0pmmngegas rflows
Dpvrardoat o highs velosine it PRosxGmsiGEdube (A foymedsat a

homn in gas di_schar ozzles 72 are prqvjded,

Petiom eaéri{(?% f ghe fylnlay E’ﬁﬁg‘é 30, apdront o9m A&as ales grifice.
face of . t econd tubular baffle 30 f he top.
%éeaégs in the, forgmatien InLAchIeACH OB ENRG DBt & SpoEd bed

o Dol o Rl ar 5o novsl o8 72 i o control ot oat"

FBE el Bk Jc?m@%hﬁaﬁfeoﬁ 8 cqndfimetetf i 8 aiinhdr ﬁﬁy?%mqthat

%ﬁiﬁ'@@%&%@wﬁe@%%%%@% BhE 15 hA A erifle

!%a CRliRR0 PPt o 208 thet E5eAds dbWrSeidf i o ﬁ%ﬁpheral
Gilib'BE t” Bl BhoHERSAP | Phh fRRBRE" bopfkd "Bale 20

ﬁ%ﬁi‘?ﬁf o % rtpihl ofbr? EBEPE?CP Do PReti “Pagti1ed) ahd the

BRlp NS o ‘?dzlii’?%%? 20 Totledng A 4 AGH sfiafudhel® The

#m¢e9mw3:u??| i @sa% Forh e 48p EQ&i?]ﬁmcuon as a

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

straighteners for the reaction zone 26 directly above.

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

to a subsequent step without releasing gases.
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15Next, a process for producing polyolefin using the
production system 100B according to the present
enbodi ment is described. [0122] First, polyolefin
particles containing a catal yst conponent having

pol ymeri zation activity are forned in the olefin
prepol yneri zati on reactor 5 using an olefin

POALAT AL Sho SRACEFEL. e OREL 3SR, Bl B e i
5.t o i ogi:ﬁécgvﬁd@mpeéa“ 3 e
e e e E R
AT A B e ) S Dl i

£‘13 ent in the reactor as a gas phase, is generally
m standard pressure to 10 MPaG preferably fromO0. 2

o mwﬁa‘%ﬁ”@%%%@@éeliﬁ%%%@f 2@5@’%8%%% it fprisen
PP e s Loty P28 BE Whpnbiel o i oo, Xt pecte 71
BRGIRRACLE D chtﬁ@egyiiﬁa?r T POIYRETAALHA has been

enperat ure varies accor

e e F‘%haf%’%q?%”%ﬂéo. 8 6ned
¢l8 8%éd thirefrd opti edVeyc 65,

hﬁi fﬁér% poi nt, ije 1Slfesukaégy gpec P}Qﬁd 24 foi"

Bﬁéﬂ%‘%r S W&ﬂﬁfg‘%éaﬁé oy thohk?zoﬁaotl(%h then is

refera rom 20 t& 100C, and even nore preferably

{rtpodiced ﬁb h0P4s-lijhid Separatsy 86! e Tie gas 'sépatsted off by this

polymerlzatlo I n"an environnent whic

k@”&'%'ayatbf G5 i intRodiicedethrbbghPligs 93:% t@fline L30 and

| ower the polynerization activity of
ﬂféﬁ@@égf@]@@ﬂ catalyst. Al so, the presence of excess
oxygen, carbon nonoxi de or carbon dioxide 15within the
M8TeA Katiid feddcnoizlens® Yot suppBing dipridtdlefin separated by
pol yrmeri zation activity.
the gas-liquid separator 66 from outside the cylinder 12B to the interior

_r\.

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

[0119] Also, a plurality of gas discharge nozzles 72 are provided in
portions of the cylinder 12B facing the bottom surfaces of the tubular
baffles 30. Specifically, as shown in FIG. 2, gas discharge nozzles 72
are provided in the portion of the cylinder 12B facing the bottom
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- [0124] Next, polyolefin particles having a particle

di aneter of fromabout 0.5 nmto about 5.0 nmm which
have been obtai ned separately by a known nethod are
fed to the cylinder 12B through a feed line (not 20
shown) connected to line L5. The polyolefin particles
fed into the cylinder 12B are nost often particles

E\E@E@?S& Q?tpo%ggéﬁ %59?%3'@%@% 80 oS theoon i These gas
SR 2 ST A e 02
ﬁﬁ\ﬁylo WS O kt@:i R AFER g oon W6, A S HES Laoes 72 s
BoRGoferoparafl HEIE 78; hva o el Gl Tikisq,ps to be
SEsTaffal e é?oi‘f%% SRR By IS SR IR from the
BRI EPed il o8, 1 oGBRRERA,. TYiSPhel eben, whep, ligygfied
IeRR BRI s, FRE Hflid eBlipoAle S0 okl Békrl-Fed Thfb the
Y BTSSR RGBS PG RS e 125
BRI Lo EnCaEthd Catical BidbliBns0 e 35

[ﬁ%%?é gglﬁft%ﬁ oy Il}ﬁfé”ES 38 r%@\f‘ked"‘%j aggcgs.iﬁﬁﬁrﬁﬁ‘ the ¥ylinder

T om t he bottom downconer
12B which is higher than the topmost tubular baffle 30, and polyolefin

particles containing solid particles of a olefin polymerization catalyst
are fed through this line L5 to the topmost reaction zone 26.
[0121] Polyolefin Production Process

Next, a process for producing polyolefin using the production
system 100B according to the present embodiment is described.
[0122] First, polyolefin particles containing a catalyst component
having polymerization activity are formed in the olefin
prepolymerization reactor 5 using an olefin polymerization catalyst
obtained by a known method.
[0123] Separately from the above, an olefin monomer gas is fed via line
L35 into the olefin polymerization reactor 10B from the gas feed nozzle
61, the pressure is raised to the polymerization pressure, and the interior
of the cylinder 12B is heated. The polymerization pressure, which
may be any pressure within a range at which the olefin is capable of

being present in the reactor as a gas phase, is generally from standard
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[0127] Meanwhil e, part of the ol ef m nononer-containing
gas forns a spout and sweeps past the particle bed,
whil e the remai nder of the gas diffuses into the
portion of the particle bed having an annul ar
structure. 15 In this way, the ol efin-containing gas
and the pol yolefin particles undergo sol i d- gas contact

pasascs o i MG BurEHY e i o & PR B, grore
ﬁ ‘{qrgli’d]@ hﬁu@%?&é%@ﬁﬁ étql;%lt 2’?)98’8 l%%;ngre@sy;p below
SBiMer b Glec AR srodptiviey affy e e B ofier hand,
462’ asBon beeSpursifBoyd IO HEEHE t%ﬁ%ﬁé%'&haé%ﬁ% £5F thf Ggactor
ApEeiprieY gfording
D thstaye S HRAPuicty Fgénﬁid@%éﬁ?ﬁé’?@*s%%%‘ﬁu%* ah¥other
S D bl BTG A0S 9o oot

¥ Fféﬂc%’ﬁéfe\% hf] s?cl(f?‘@sfc?ﬁlgie {03 e ety point, is

-\-

’he rization uralrty o
Hﬁﬁ?%‘éﬁﬂe ﬁ?@% L lﬁ%aﬁﬁﬁ;%ﬂf"eﬂééﬁky B R120°C,

SR8 et zgﬁsf‘t"g’“ 18,2007 86 ¥h 1bre Brefbfibly fiom 40 to
106°Ct | 19 i ?ré‘fe"rﬁﬂ%etroaééﬁ‘? diltg%u D aMdr ih @W€Environment

reaction zones 26. Hence the tenperature,

WHithds @hB§ﬂaﬂtlﬂH?0ﬁ’Bé of imbRfure. OTHe ??éﬁn%e%f RIS thay

at an internedi ale stage of the cylinder 12B, thereby

Ryt thedp b](}‘rﬁeﬁi%ﬁ&'i abtivg?wbﬂ‘ ﬂﬁrﬁélsvmér@zéiﬁ)rh gatadlys?. @ Also,

m ni nrum™ 10[ 0130] The ol efin pol'ynéri zati on reactor

B pregicdi B dxteb oy EsE NEardoRO thoritidexst Watbor Ndioxide

foll'ow ng effects. Because an extension tube 40 is
WiﬂﬁﬁCt ¢k t opdlyendrdzdtivn engadtibnof sza@i’nt uliglyar 18@ferl ethe
t he upvvard flow of gas within the reaction zone 26

?Ql}&néﬁz@m@mhbuvgy,abl e so that, even if some degree of
| uctuation occurs in the gas veI ocity and

[0124] Next, polyolefin particles having a particle diameter of from

about 0.5 mm to about 5.0 mm which have been obtained separately by
a known method are fed to the cylinder 12B through a feed line (not
shown) connected to line LS. The polyolefin particles fed into the
cylinder 12B are most often particles which do not contain a catalyst
component having a polymerization activity, although the presence
within the particles of a catalyst component having a polymerization
activity is acceptable.

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

supplying olefin monomer gas from the gas feed nozzle 61, as shown in
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15 the anount of particles within the treatnent zone,

t he spouted bed can be fully sustained. Also, owng to
the presence of the extension tube 40, polyolefin
particles that have started to fall down through the
gas inlet orifice are pushed up by gas entering from
bel ow within the tubul ar path 40a of the extension

and ar.e le.to,r n once agaip to 20t he,
HIGE Foh meéebeCF mfspplwﬁfsﬁalpam@e% I sBraied, within each
conlcal baff.l e 20 has a cylindrical portion 20c, the
G288 <Rk thin the reaction zone 26 is nore

it il i
2%0 Rpigo mfmgﬁ"cfgﬁtr Séﬂﬁawgnigﬁ? %ﬁ@&df cpgiponent having
R e T —
BeAciPE 2%5%&6%&83@6 L ﬂbe Gyifhdes 2R BEARdRIRR: rate
B il 5t TPREY cBRERTGRE R R EPhr BB o the olefin
BB bR OR FedEfon 1O, &5 BB oty ol tfn FBHElesC brovy yichin
B i A0S PO 8 oo
@\{ﬁc%%&% %SQ ﬁn{d ?ﬁ@%ﬁ?tfléﬂ %Iféaﬁgbﬁ%lgﬁgg : gﬁg_eventually

vol I cienc

t i tion
Have%%%ﬁ%ﬂ?%’*e?ﬁéggﬂgﬁﬁfv%ﬁ% F 3% S Rowever - the
[OFETS Mehlvhile; pattBE ffe biefh Tndiher cohBlinfifs ¢3¢ 1fhs o
SPOR ad SYRERS pact e TRAHILRIBEAANR (e RAKIARA of the gas
Hﬁ‘ﬁ@é@%ﬁm@‘ﬁh@;@?ﬁﬂéﬁ%f thebsartietd bad Havie @h' é.’nﬁiﬂ%r structure.

partitions wh are present wthin 15 nd extend I n

Ihethionghyudheablefin-eehtAAidY ddve anyt q&@lgﬂgb%ﬁn@amcles
and whi ch”divide the tubular path 40a in

indeRd saliddgds CondctMaid Pthee Rtione of tﬁ@e@aifafll:fstf Wlﬂﬁn the

of such extension tubes are shown in (a) of

pélycléfifil pasticles) causéd Gl t lefin pblﬁh&lﬁaﬁél@wreactlon to

secti onal di agranms taken perpendicular to the

resulting éa igrowthioftthe pdlyolefipesdrticesext ensi on
?ube he partltF%ns 40b in"the extension tube 41

F0U28] To forn afsthble Spivated bed B in @achtreuctionezond26, it is

partitions 40c in the extension tube 42 shown in (b)
pfefeidbld thavethe bonditimms describedrin, the ditsbeembodiment be

partitions 40d in the extension tube 43 shown in (c)

sdtisfled; 4. hathmt aheicoaxditibnsl relatinigetos theugasisaperficial velocity
| atter extension tube 43 has a 25structure conposed of

o mndr thieispputéd bed ihedghitclhg be shtisfiedr anged in
[0129] Liquid olefin monomer may be supplied from the

,.\.

above-described liquid feed nozzle 50. This enables the olefin
monomer consumed by the polymerization reaction to be replenished.

In addition, when the liquid olefin monomer vaporizes within the

49



10

15

20

25

parall el inside the tubular path. Conpared to the

ot her structures, this has the advantage of being
easy to construct. [0134] The partitions provided in
the tubular path of the extension tube are not limted
to the forns showmn in (a) of FIG3 to (c) of FIG 3.

For exanple, they nmay have forns such as those shown

i inder d 2P gas FemovahfrGh the lbalel napieler fs Slporpassible
Singfo the Jalt b ol uRpn St aBas b, Bluralisy s sagtion
NI RN T e——
PobierthrE ot Homatiich sgne ORI G ieRE g Surtheryp the
SRR e 34 DRSO 25 S g i
R AR SR Rl AT AR5, P e, 1o
FoRa1i28 e WtRHeAlETRG Glell HoRoll: i Tel ¥R @bl 50
pRGuRe A iferRaRE 20 OTIMTR 9268, thefby BRabling

Xt ensi on

%‘é%ﬁﬂﬁrgﬁg ?Qgﬁpén&r&ssgé Refd th€ nﬁfmﬁlﬁ‘fnt ubul ar path

antan ape. a result, conpared with cases

i i . | .

101391 Thetolot b3lyRekballon' Rl 98 Rcording to the present
I e ~ [ e ;

G R SOPUAL Ui SRORARK e PBRLASYn Rlepign ube

4ol {s donfiedtBd A4othe BBtORT end 3DbOGT Ehdls thBﬁIé‘Vﬁéﬁﬂe 30, the

enabling a further reduction in the amunt o .

agweiralﬁéwt&agasi WA ELIRCNE rebetiBHPRIRS 36 iy B Hfi 67eh y' dtable so

the gas flow, "as shown in FIG 6, it is preferab or

tHif, eoBnSfdentd debrec vfiMetitialon ot eh the %&% bﬁi\g@i@ and

t apered shape. Thé cylindrical nenber 46 shoul d
theantbiait ohparicledtlendthe traRiibeit 26nd,the dptifted R can
IS

be fully sustained. Also, owing to the presence of the extension tube

—_

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

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

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

be achieved. Accordingly, in the continuous production of olefin
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cl osed at the bottomend or at both ends may be used.
[0136] The gas inlet portion may have an arrangenent
like that shown in FIG 7. As shown in FIG 7, an
extension tube 40 has a closing plate 47 which cl oses
the bottomend of the tube, and has a gas inlet tube
48 5 which has a tubular path 48a narrower than

a2 5 0SB BB il ooty con
bRl Do) S WG i o ighob Sk Bl o b
Eheab o RE Padd b STEICEusH b tnshenge n
FA R BSRP G LR o 1o 0560 B el of
b Sp i BRARBH S bupt Puf e R Hhaft Bl MRLUEEIER fficient
BEBRIELL At ulioRdint L S BiNE 20 6 Rbep, spouted
BHERIs StorflaRaliBripe e frodtafid Yohe (o BY ShghknbACEndting
phifh otamie oRIBG 8 BE dBhidegh 1o BOT C L1 2

RLSARPofhRR IhEnBaThene’ o BH0GEbel SpIBHEGH B2 been
gﬁgcggﬁécg?@g@ i dtail 0 HRowBVer ShdfyFerRtidieid fBEL ited to the

ows an extension tube 49 with a

§P6ve Ofitdt Ond 08edbhd NmBoditheARUt F§han@mple, eHPItRY | BlSove

an extension tube having the above-descri bed

BRIYOdinnes, B0 e bt nenbeds atebpkhtipnel- 8 provided

bottom end "portion, the pushing up effect on particles

Wit v eutsilar tRht 904 aft o wtddvion dabeh409aHbwkeér, an
orifice of 25thé tubular baffle 30 inproves, enabling

tXension fibetharaidditibasllytels pariiciswvhich lage preddg rwithin

reduced. [0138] The first enbodi nent descri bed above
#ed ddtendtinathed]ldngitudiaak directioncbf the extensiah tudkf 4€sand
21 and 22 are disposed for a single spouted bed 8 .
Whiely adividd ¢hes tabtikg patth 46xiiacthrchoridontalt diréttéor imay be
enbodi nent of the invention nmay have only one of these
én?lcyed.c aSPEbicﬁd ferms of sueh extensibavtabes ateshoain in (a) of
baffle at all.

FIG. 3 to (c) of FIG 3. (a) of FIG. 3 to (c) of FIG. 3 show sectional

diagrams taken perpendicular to the lengthwise direction of the
respective extension tube. The partitions 40b in the extension tube 41
shown in (a) of FIG. 3 have a lattice structure, the partitions 40c in the
extension tube 42 shown in (b) of FIG. 3 have a honeycomb structure,
and the partitions 40d in the extension tube 43 shown in (c) of FIG. 3
have an inscribed circle structure. The latter extension tube 43 has a
structure composed of a plurality of cylindrical tubes arranged in
parallel inside the tubular path. Compared to the other structures, this
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[0139] In the second enbodi nent of the invention, an
ol efin polynerization reactor in which five spouted
beds are formed in the vertical direction was

descri bed. However, the nunber of spouted beds is not
limted to five. Fromthe standpoint of achieving a 10
suff|C|ent plug flow effect, the nunber of spouted

era .at Ieat three, .and nore preferably
3V atageri: Beiig eos? ecmﬁyﬁhy of “Spouted beds

E@fgzgp cl&lﬁne fon ;R%]Végei g\'lﬁligrh t?)ﬁ extension tube
B éﬁf hgn?e%ﬁgﬂé% i °é§5é% ﬁ"éa‘%eﬂiﬂ%?fsq (0t FRG 3. For
il oSSR Tobs 3fich s AREBFEIGY. 4 and 5.
?ﬁ% s R AR08 %@e () o BERGATRE! N Flo. 4 are

%%ﬁ?#?ﬁsﬁs%wé{%o b stidifigs A7 dpubeltat the center of the
{:I i Rbg 0 Mvae %npﬁl%%g%ﬁaﬁ‘&ﬁa SHorhe(a) QG FIG 5

n prepol yneri zati on reac

S, M e e [PaSag Bilch are
ﬁ@%ﬁf&eﬁg%"?%fﬂ%mﬁé' IR Rl BTG WSS fprm

sndYQ@y be suitably set according to the
??Sgl ?efl n 25particles to be produced. For

f@ 'Hxstééd tde f&ﬁaﬁ&% ﬁoﬁfs ihéhé eaBER &th 40a of the
eact eq

i on zones 26 can ual1zed by sonme o

ER@nSion fubd @y, £PEhHENIATIG T, ¥ $43 Mét\cl}b&@cﬁl iria hdlformed
feed nozzle 50. Alternatively, aliquid feed nozzle 50

B?Wd%ﬁuﬂ'ly\ﬁld ﬁnﬁﬁlﬂnh%egﬁﬁ)wléﬂ Tﬁaﬂp%élé@?fﬁhdﬁ@ﬁh n¥mber

e tubular baffles 30 0141 e use of fThe spouted

heclgsed ae thé topeemd. eSth plla@i@bl tabube Aendb@ 46iwithin the

pol yneri zati on reactor has been illustrated in the

filbular pattodigap ahsantislue v46a is ermed & ithe cinsideewalledf the

device is not limted to this particular application,

eylindeiyalb eneanbep i and diey insideuvall ofitlkee i attengiont tubrt 40.

for whi ch the use of a spouted bed is appropriate. For
%eimfens cantteousstitalgives theohotibentah ceoss-sectivay of the

10be enpl oyed in other chem cal reactions or in

tubulaspath 40z hnammiler shapeng, Agraaresiilt; compared iwitle casgs in

of powders.

which a tubular path having the same cross-sectional surface area as

~ annulus 46a and having a circular cross-section is employed, the

pushing up effect on particles which have started to fall down through
the gas inlet orifice improves, enabling a further reduction in the amount
of particles that drop down. To suppress turbulence in the gas flow, as
shown in FIG 6, it is preferable for the top side of the cylindrical
member 46 to have a tapered shape. The cylindrical member 46

should be closed at one or more end. A member of this type that is
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EXAMPLES [0142] Exanple 1 A cylindrical cold nodel
reactor made of transparent polyvinyl 15 chloride and
capabl e of form ng two spouted beds inside the
cylinder was fin-fished to evaluate the stability of
spout ed beds which formin the spouted bed device
accordlng to the present invention. This unit had two

clse s the astmm g o Sl GHSRRYPORSS e‘b\g::gdavmg? h

fﬁﬁéﬁh@i&%ﬁﬂg Botlion by davecaly B-'pr%%k@baf itk et shown
AR 4 AR o Bl 35
S o A B D5 L1
O il ol BRI i 2 o
EXBRLTLEE A0 3 el.‘%gq’?h%%ﬁ%? tf g (L i cloging plate
) 0D St AL S G Bl Y o
oF 8%, 55 kR Bod M TS Lo A S 1Ol 5 8e Hidneter
{H]*c%cﬁ%éé ﬁ?géﬁ:%g \}é!lfdﬁ%wgtlﬁs ctOstg: thie ﬂ)i)e%%%, and has

dir agrans show ng

'Uo%forﬁ Udd Bt iQf ﬂar%] %‘é&f ﬁ%rﬁ\sltlég e1¥(1§1%g{“§73?ﬁ%&?§§fgnsion

he |nven 1 on an rrpar at

gas i n] e?ﬁmﬂl X?ﬁgken | n Iﬁggfflttﬁga | Fect ﬁgenﬁbese ©s

por ti o

L, Pl oo i ALy Sk s possil
sufficiently prevent particles from falling down through the gas inlet
orifice when the supply of gas is stopped. Moreover, to even further
stabilize the fluid state of the spouted bed, as shown in FIG. 8, it is
preferable for the conical baffle 23 to have a cylindrical portion 23c
which extends downward from the peripheral edge at the bottom end
thereof.

[0137] The bottom end portion of the extension tubes 40 to 45 may
have a bellmouth shape. FIG 9 shows an extension tube 49 with a
bottom end portion 40g having a bellmouth shape. By employing an
extension tube having the above-described partitions, an annulus and/or
a bellmouth-shaped bottom end portion, the pushing up effect on
particles which have started to fall down through the gas inlet orifice of
the tubular baffle 30 improves, enabling the amount of particles that

drop down to be further reduced.
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[0145] The angle of inclination between the inside
surfaces of the tubular baffles and the horizontal and
the angle of inclination between the outside surfaces
of the conical baffles and the horizontal were each
65. The two tubul ar baffles having an inverted conica
shape were 15 each provided with a downconer having an

G5 e i et % A8 Sl o
B S 2 A R AR i
GBA = By e B IR SfOE BBl Y v
Bt Sl N, OB ASEOF i G0 g
N e s

BRI R Sthobd ot i of P Ihe S5pdiRiddcdn, olefin
e SR BB s H T ot SRR e
BB LGP ORISR LS B0, Byl o gpouned
bps 985 nigt ARARLY EOHRY AMRPHECLERIETR ¥cleving a

€ periphery o e spout 1 n a noving

eIt DRl HeRy et e MmO o e R Torably o
AUkl Brofb AT o o Wiy gty of

Sited: bé@t}]sS Reed %tbx":?ﬁcbé:#é}t‘ﬂ}ﬁ bat ﬁrﬂ@b’it‘i’ﬁ’%ﬁé il%l Hﬁ%c’tcion.

t'op and the bottom ar “baffles, but a sna anoun

PbrDELARREY £TBINALRY bes ol Bamyesiiol deatots 104
ACsutdink e tho iR drhBaditRent 704y bd GAlgdd}3APA ehetizontal
direction and coupled in series. Also, in reactor design and operation
control, it is preferable to design the volume of each reactor stage and
control the polyolefin particle hold-up or residence time in such a way
as to narrow the residence time distribution of the polyolefin particles
and to make the amount of polyolefin produced at each stage (including
the olefin prepolymerization reactor 5) more uniform.

[0140] Moreover, the second embodiment was illustrated for a case in
which liquid olefin is fed to the second reaction zone 26 from a liquid
feed nozzle 50. However, the positions and number of liquid feed
nozzles 50 may be suitably set according to the type of polyolefin
particles to be produced. For example, if the temperatures of the

respective reaction zones 26 can be equalized by some other means, it

54



10

15

20

25

Asi de from changi ng the anmount of pol ypropyl ene
particles packed into each of the top and bottom
reaction zones to 25 kg instead of 30 kg, the sane
procedure was followed as in Exanple 1 and the 15fl ow
state of polypropyl ene particles on the tubular
baf fl es was observed. [0150] As a result, at a gas

inflowrate of 4.7 nB/mnp, a. st e.spout ed bed fl ow,
Bt BOLRE TEEMATOTHOVHE 8 JishiRdeed donala s & dblismitively,

SR Sy T BRG] L SufilofER8 at cac
t reat pent, zongsto,the bottomtreatnment zone. However,

8% eﬁg@"l%gﬁﬁ\;\ﬁ%@e of 4.0 nB/min, although a spouted
Rl 3 SRS SRR R RSP i as an
PRt “pBRyfRE-ARR, Rt , HbC RN BRI " e above
BGPTSR e AR LG i s o
i 46755  BHtlciRes Bpeficatioh, 804 l%ﬁ%%&@%l GEBIWE ih"any
BAAHIIAF shaidhl, ORhEALY 1 i (8L 868 £ boeq bed i
PO FRR XAkl IS opnRga ied M RE TSRS AYARLS may
B AHBIOWA Hnanes ShefiBaTRadifhd ef b IIAGE kh as the
JrAbgCefRIRISh or STetcfile ADERIBI. NG, 10[0102] s a
ESSAMPLES gas inflowrates of 4.7 nB/mn and 4.0

s/ mn, a spouted bed flow state was observed on the

PRANExkAmIeqt t om tubul ar baffles. Al so,

pol ypropyl éne particles did not drop down through the
gas i nAegylandri¢slecoldom tadtol MAddERIT &ﬁ’%}ﬁr i
bottom t r}éat ment z(?)ne: d\i\‘ﬁgrﬁ' ?ﬁg éggai nfltgw at Iéﬁ’t\/\ggl%'vmyl
chlop@edand erpébpe of/ formihg twe spoutdd Beds iabideoth#clinder
spouted bed flow state waS observed on the tubul ar

wak ffuatished sorevhluan® thd stabiliy! yPsprtededsavhichl f¥mMitbthe
observed to drop down through the gas inlet orifice
$pouted ted dpviceeadovrding 00 ¢hé presentbiiviention: eaThigninit had
Zone.

two tubular baffles of inverted conical shape with a gas inlet orifice

therein, each of which was paired with a conical baffle (first type of
conical baffle); all the baffles were disposed vertically and coaxially
within the cylinder.

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

d, and the cylinder inside diameter dg was 0.2.
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[0153] Exanple 4 20Aside frominstalling top and
bott om tubul ar baffles having a gas inlet orifice

di aneter dA of 75 mmin place of tubular baffles
havi ng a di aneter dA of 100 nm eval uati ons of spouted
bed stability were carried out using a cylindrica

col d nodel reactor of the same construction as in

POTHR] ddicedonuion e ee e Y i dhsicdioiiennt00 mm)
% be%él’?fi%&?a tpifhe &%'%ﬁo%ﬂmaf% Fiinlre balile in such away

bty 235 Wasredr e G FERERY, #H8F Do PaBIag Hisbueh this
GRiiRoR i Ren ﬂﬁ’&“ﬁeﬁ%ﬁ%ﬁrﬁ th ?ﬂéawﬂaal%ﬁfeh?% 3uPecAcL gas
{5 PBORES (%0 PF OFof Qﬂef:ﬁ@ﬁ? " ApC i ot ofre sghematic
PR %%?ﬁf&%@ AiHEH S shBybe thie BT iols? rﬁz"aﬁ?ng Wilothe flgvices
SR 2"k AhPIPREGRR 8T alioCh g g kthBargtiyt Eamples.
‘g‘;ﬁ% 1.%%3 dﬁ‘gmn‘té?‘bgrbﬁé&“g 3PS SRR B e gas intet

rea{)ﬁ ?al%érgg% Eﬁlﬁ?tl%x%g?]‘l clioh, afld ﬁ”ﬁﬁxﬁ%ﬁhﬁdg%hbwg sectional

views of the extension tube taken in the horizontal direction.

[0145] The angle of inclination between the inside surfaces of the
tubular baffles and the horizontal and the angle of inclination between
the outside surfaces of the conical baffles and the horizontal were each
65°. The two tubular baffles having an inverted conical shape were
each provided with a downcomer having an inside diameter of 40 mm.
The conical baffles had an inside diameter at the bottom end of 300 mm,
and were hollow at the interior.

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

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

flow state wherein a spout having a dilute particle concentration near a
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Aside frominstalling a tubular baffle w thout an
extensi on tube instead of the tubular baffle having an
ext ensi on tube connected thereto, 15 eval uations of
spouted bed stability were carried out using a
cylindrical cold nodel reactor of the sane
construction as in Exanple 1. The device used in this

conpar ati ve exanple had the Type F-1 gas inlet portion ,
eenfgn axis and composed)f pretielas that ifkwdwax& together with

conpar ati ve_ exanpl es s 20 roomtenperature air, and
theepanss SiablydoHRed Apdpadicles drop desyiah therperiphery of the
particl es used re pol ypropyl ene parti.cles havjng an
Spewtaie spmaving dad staterwasbservedian ths, top didhili bottom
zqne apd_t he tfom treat nent, zone, were . each filled
fihagbatlisor PobpEps & Gica0r b ganwnghgough the
suppliedﬁﬁg t he above-indicated flowrate fromthe gas
gas Blebardicei ce in the bottom tubular baffle. [0157]

(B it i oA w2 EReLRLSBN Bhnesd g 47
S TBRS  ne Lrbb L DT SRR EBr R  E8 o
S B B5ABH, OSBRSS LS Sl b S pE el FriRene
éiqftcﬁe% S ﬁ%ﬁ%ﬁ'tﬁ?f@%ﬁ%}%ﬂ%pﬁa@% S8R0 irjEE BFifftd: from
s o Feridhadhe R R Dot B Relind R ¥imer | Fene. i ch
Qgggﬂeﬁg ' Egp the top treatnent zone was found_to

c fd B‘b_ﬁglnltothe bottom treatnment zone, making :
o' PHSI g PaBERA S RO AqBpi At e
PR HORALH Gote P Frd SR rARoR MR, 10725 KPhstead
G630, Ret e safit pocedip s, Rifow &l WS ERahifIER] S the
By a0 OF BAIVPRERIBhe P PafliSlgRCon! THE | byl  BARATvas

ggégﬁ@ay ive exanple, a tubular baffle which, aside
rom not having an extension tube, had the sane

sy r AGHd pEAE dthe ghORnfleRrtate GRAM i AP0y 8ehbl8 spouted
an'r] § a

le 3 was used ds the top tubular baffl’e. Al so,

BT fafel Wwas \Whselveen®lel @ and the bottom tubular baffles.
Also, polypropylene particles did not drop down through the gas inlet

orifice from the top treatment zone to the bottom treatment zone.
However, at a gas inflow rate of 4.0 m’/min, although a spouted bed
flow state was observed in the top and bottom treatment zones, a small
amount of polypropylene particles was observed to drop down through
the gas inlet orifice from the top treatment zone to the bottom treatment

zone.

[0151] Example 3
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20 at the interior, had an outside dianeter at the
bottom end of 200 nmm and did not have a cylindrica
portion which extends downward fromthe periphera
edge of the bottom end was used. The device used in
this conparative exanple had the Type F-1 gas inlet
portion shown in FIG 11. 25[0159] The gas i ntroduced

' AR Wl SRR LS Aol o
B S AL Bt S
S Bl i RS, o
L AR SO TR, 5 B
Sobet b 'gé&w%«%@”%p S e B MR
ShitErafeL I aﬁl{ee""«i?iﬂ%%ﬁ%b%ﬁ@ bikipiopica
A e G0 B i,
335 TSV BB s, RS 0 of

éﬁ 8 Hlam using the tubular baffle (top) wthout an
enS| on’ tube i nstead of the tubul ar baffle used in

E@‘f‘m?—xs a rEYAL u&t 9} Uf ady Wgﬁ#aﬂd hiy n){g?ﬁ{n a

u3|ng rlc cold reactor

§PSufRA Bed A stk 9Es %Bsé&e@‘éﬁﬁh@ t8p and the bottom tubular
baffles. Also, polypropylene particles did not drop down through the

gas inlet orifice from the top treatment zone to the bottom treatment
zone. When the gas inflow rate was changed from 4.0 m*/min to 3.3
m’/min, although a spouted bed flow state was observed on the tubular
baffles, a small amount of polypropylene particles was observed to drop
down through the gas inlet orifice from the top treatment zone to the
bottom treatment zone.
[0153] Example 4

Aside from installing top and bottom tubular baffles having a
gas inlet orifice diameter d4 of 75 mm in place of tubular baffles having
a diameter dy of 100 mm, evaluations of spouted bed stability were
carried out using a cylindrical cold model reactor of the same
construction as in Example 1. The top gas inlet portion (Type A-2) in
the device used in this example had an extension tube (length, 100 mm;

inside diameter, 75 mm) connected to the bottom end of the tubular
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[0162] The gas introduced in this conparative exanpl es
was roomtenperature air, and the gas inflow rate was
set at 4.0 nB/mn The particles used were

pol ypropyl ene particles having an average 20 particle
size of 900 gm The top treatnent zone and the bottom
treatnment zone were each filled with 25 kg of

BRI AR b, B o550 SR B i
aheh e 80 Gt Sidder S dinseciet 8a ks D™t on S5and

D518 sy ety it gas B qMrafsF et A iR B fyem’/min, 2
A0 B s B, A AT ot
Bablks | oATseh BoIsRRnIRns Parhilles Gl Bol 80R o8 thhoFeh the
A5 fifet i rog B 10p Béatmldl fofs 18 el bhHBHD tratment
Fote 2 S0RLS Y5 B R KO W LRy HRED MoK o0 3.

m’/min, a spouted bed flow state was observed on the top and bottom

tubular baffles and polypropylene particles did not drop down through
the gas inlet orifice from the top treatment zone to the bottom treatment
zone.
[0155] Comparative Example 1

Aside from installing a tubular baffle without an extension tube
instead of the tubular baffle having an extension tube connected thereto,
evaluations of spouted bed stability were carried out using a cylindrical
cold model reactor of the same construction as in Example 1. The
device used in this comparative example had the Type F-1 gas inlet
portion shown in FIG. 11.
[0156] The gas introduced in this comparative examples was
room-temperature air, and the gas inflow rate was set at 4.7 m’/min.
The particles used were polypropylene particles having an average
particle size of 900 pm. The top treatment zone and the bottom
treatment zone were each filled with 30 kg of polypropylene particles,
and gas was supplied at the above-indicated flow rate from the gas inlet
orifice in the bottom tubular baffle.
[0157] As a result, when the amount of polypropylene particles packed
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followed as in Exanple 1 and the flow state of

pol ypropyl ene particles on the tubular baffles was

observed. That is, in this exanple, evaluation was

carried out using a device in which a cylindrica

nenber (outside dianeter, 85 mm inside dianeter, 75
was coaxially nounted in the extension tube (see

(.a of .FI 0166] As result a spou fl ow
%ﬁ e%&%&@ €ang rW%é i %ﬁ@‘bé%tspemﬁgag affow rate was

baffl es, at ol unetr| flowrates f t he introduced as
S5O ¥ #hedeh 3, botteTs thateRt 2995 pr dgIENEr, When th

e o1 Dpr SRy FR: PaBiSt o ﬂf&dgiﬁ%%? & thctop and
ﬁ?@ﬁﬁa U eS . aVEBonr QR Bhd IRTBw 10 ak8 b 25 ke

S R O AR B0 iRl ior
h%é’gfﬁ TBrDUEE B4, A 5 oPirfle dhig (5% bOGR Yesalint zone.
MORRYer o6 R e ek P, &, 5 oo éhe Wihich had
/Bﬁé%% r&)%t tdll tre 1 eptific g\%&é? Was ?(?Jﬁlg% ]f@glrao y{ix%ﬁ@%daﬁlto the
'?)%'ittdrﬁ ltﬁ%ngl%g{ gSn a$ E’?L{ FoetattBy o?kﬁ 0(f&d bEAh the top

I on was arr out” "usi ng

gre%ﬁ’ﬁteﬁ?zb@%%%@sﬁléw i ndrical nenber | (out si de

nside di ameter, 75 nun) and a
out si de di aneter, 48 nm
:fﬂgi‘gﬁ éﬁﬂhe ml%l \%ere cotudal Iy m)unt ed in the
ext ensﬁs“d%%ﬁ iifig t(thbupir EA@D e3)and Béfifth] Aaffles 29

a spoute ate was served on the top an

QQtdéék‘!hbég%élb“bﬁ{ i18Se BF the!tuBBldr BaffleoPopdiaeRl He EBﬁlcal

I ntroduced gas
baffle used in Example 3, evaluations of spouted bed stability were

carried out using a cylindrical cold model reactor of the same
construction as in Example 3. That is, in this comparative example, a
tubular baffle which, aside from not having an extension tube, had the
same construction as the top tubular baffle employed in Example 3 was
used as the top tubular baffle. Also, a conical baffle which was hollow
at the interior, had an outside diameter at the bottom end of 200 mm,
and did not have a cylindrical portion which extends downward from
the peripheral edge of the bottom end was used. The device used in
this comparative example had the Type F-1 gas inlet portion shown in
FIG 11.

[0159] The gas introduced in this comparative examples was

room-temperature air, and the gas inflow rate was set at 4.0 m’/min.
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of both 4.7 nB/mn and 4.0 nB/ m n. Pol ypropyl ene
particles did not 25drop through the gas inlet orifice
fromthe top treatnment zone to the bottom treat nment
zone. When the gas inflow rate was changed from 4.0
n3/mn to 3.3 nB/mn, a spouted bed flow state was
observed on the top and bottom tubul ar baffles, and
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hibe’ 1hstE¥@ 0¥ the tubular baffle used in Example 4, evaluations of

spouted bed stability were carried out using a cylindrical cold model

-q

reactor of the same construction as in Example 4.

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

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

particles was observed to drop down through the gas inlet orifice from
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followed as in Exanple 1 and the flow state of
pol ypropyl ene particles on the tubular baffles was
observed. That is, in this exanple, evaluation was
carried out using a device in which 128 cylindrica
menbers (outside dianeter, 10 mm inside dianeter, 7
mm) were installed inside the extension tube. In
ggﬂétéon, cylindrical baffles 5 having a gas inlet
il¢ ¢e with a dianeter dA of 125 mmwere installed in
the top and bottom stages of the device. [0174] As a

result, spoutéedibedd having extrengly gtablje flow
st ates mefa(g)s rved dn the top and botlt dgn ft ubul ar
baf fl es alfiyel umet rijc |f | ow rat s off th i@troduced gas
of both 4 & 'atCri & 48 £0 B/ (EnQ|10 Nbreover,
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cylindridal{nenbers|(qutsiide djia er {10 mm i nside
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[0165] Example 5

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

on the tubular baffles was observed. That is, in this example,
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[0176] As a result, spouted beds having extrenely
stable flow states were observed on the top and bottom
tubul ar baffles at volunetric flow rates of the
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zone to the bottomtfeéatnment zone. [(0179]
followed as in Example 1 and the flow state of polypropylene particles

on the tubular baffles was observed. That is, in this example,
evaluation was carried out using a device in which a cylindrical member
I (outside diameter, 85 mm; inside diameter, 75 mm) and a cylindrical
member II (outside diameter, 48 mm; inside diameter, 42 mm) were
coaxially mounted in the extension tube (see (b) of FIG. 5). _

[0168] As a result, a spouted bed flow state was observed on the top
and bottom tubular baffles at volumetric flow rates of the introduced gas
of both 4.7 m’/min and 4.0 m’/min. Polypropylene particles did not
drop through the gas inlet orifice from the top treatment zone to the

bottom treatment zone. When the gas inflow rate was changed from
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5Asi de fromenploying a gas inlet portion having a
type E construction instead of a type A1
construction, the sane procedure was followed as in
Exanple 1 and the flow state of pol ypropyl ene
particles on the tubular baffles was observed. That
in this exanple, a test was conducted using a
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i:rhe to and bott om st ages of the device. 15[0180] As a
5 E 'out ed bed flow state was observed on the

[qRed B AR ﬁﬁﬁ'ui”edbé‘gl' of both 4 7 m8lmin and 4.0
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dpatieery 2% fud; GRERE, didficRe 16 R SverdIhetllIon SR the
e&t8nsibil tube (see (c) of FIG. 3). In addition, cylindrical baffles

having a gas inlet orifice with a diameter d4 of 150 mm were installed

in the top and bottom stages of the device.
[0170] As a result, spouted beds having extremely stable flow states
were observed on the top and bottom tubular baffles at volumetric flow
rates of the introduced gas of both 4.7 m’/min and 4.0 m’/min.
Moreover, polypropylene particles did not drop through the gas inlet
orifice from the top treatment zone to the bottom treatment zone.
When the gas inflow rate was changed from 4.0 m*/min to 3.3 m*/min, a
spouted bed flow state was observed on the top and bottom tubular
baffles, and polypropylene particles did not drop through the gas inlet
orifice from the top treatment zone to the bottom treatment zone.
[0171] Example 8

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

construction instead of a type A-1 construction, the same procedure was
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followed as in Example 1 and the flow state of polypropylene particles
on the tubular baffles was observed. That is, in this example,
evaluation was carried out using a device in which 81 cylindrical
members (outside diameter, 10 mm; inside diameter, 7 mm) were
installed inside the extension tube. In addition, cylindrical baffles
having a gas inlet orifice with a diameter ds of 150 mm were installed
in the top and bottom stages of the device.

[0172] As a result, spouted beds having extremely stable flow states
were observed on the top and bottom tubular baffles at volumetric flow
rates of the introduced gas of both 4.7 m’/min and 4.0 m’/min.
Moreover, polypropylene particles did not drop through the gas inlet
orifice from the top treatment zone to the bottom treatment zone.
When the gas inflow rate was changed from 4.0 m*/min to 3.3 m*/min,
an extremely stable spouted bed flow state was observed on the top and
bottom tubular baffles, and polypropylene particles did not drop through

the gas inlet orifice from the top treatment zone to the bottom treatment

zone.

66



ZOT saA 011 OOE gZ 011 %/ 011 (ITT Exanple 10 05T

Table 3

-= - -~ - UIw/ W ()°() “9)eI MO[JUl seD
ou ou ou JUnowe [[ews UTa/ I ¢°¢ “3JeX MO[JUI SeD | yorq-{[ej
ou ou - ou ou UIUl/ Ul ()} “3JBI MOJJUI SeD oronred
ou ou ou ou U/ W /'y “3jel MOJJUT S20)
Y4 Y4 54 4 (%) pavjoed soponred jo Junoury
(uro) apgyeq
002 002 oot 00€ [eoruoo jo od4) jsmy Jo IojoWIRIp SpISINQ
SoA sok ou ou SLJeq [E01U00 JO
odA3 351y Jo pus wonoq je uorpod Iepngny,
S9A SOA S9A S9A . 90110 MO[9q qN) UOISUXH
(tuur) 2915110
001 001 001 001 SE BoIR 90BJINS SUWIES JO S[OII0 JO IoJoWRI(]
001 001 001 001 () JojoWeIp 30YUQ
7-D 2dA) -0 edKy 7-g 2dAy 1-g 2dA) uoTLI0d 39Ul Se3 Jo uononnsuo)
g ordwexy | £ ojdwexy | 9 ojdwexyg ¢ odurexyg

[0173] Example 9

Aside from employing a gas inlet portion having a type C-3

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

5

followed as in Example 1 and the flow state of polypropylene particles

67



10

15

20

25

PIT soA QU OOE gz 011 Ul.1 QU Exanple 9 E-D adir4
gZ | g6 '

on the tubular baffles was observed. That is, in this example,
evaluation was carried out using a device in which 128 cylindrical
members (outside diameter, 10 mm; inside diameter, 7 mm) were
installed inside the extension tube. In addition, cylindrical baffles
having a gas inlet orifice with a diameter da of 125 mm were installed
in the top and bottom stages of the device.

[0174] As a result, spouted beds having extremely stable flow states
were observed on the top and bottom tubular baffles at volumetric flow
rates of the introduced gas of both 4.7 m’/min and 4.0 m’/min.
Moreover, polypropylene particles did not drop through the gas inlet

orifice from the top treatment zone to the bottom treatment zone.

When the gas inflow rate was changed from 4.0 m*/min to 3.3 m*/min,

an extremely stable spouted bed flow state was observed on the top and
bottom tubular baffles, and polypropylene particles did not drop through
the gas inlet orifice from the top treatment zone to the bottom treatment
zZone.
[0175] Example 10

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

in the top and bottom stages of the device.
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[0 1‘76] As a result, spouted beds having extremely stable flow states
were observed on the top and bottom tubular baffles at volumetric flow
rates of the introduced gas of both 4.7 m’/min and 4.0 m*/min.
Moreover, polypropylene particles did not drop through the gas inlet
orifice from the top treatment zone to the bottom treatment zone.
When the gas inflow rate was changed from 4.0 m*/min to 3.3 m*/min,
an extremely stable spouted bed flow state was observed on the top and
bottom tubular baffles, and polypropylene particles did not drop through
the gas inlet orifice from the top treatment zone to the bottom treatment
zone.
[0177] Example 11

Aside from employing a gas inlet portion having a type D
construction instead of a type A-1 construction, the same procedure was
followed as in Example 1 and the flow state of polypropylene particles
on the tubular baffles was observed. That is, in this example,
evaluation was carried out using a device in which a cylindrical member
(outside diameter, 110 mm) closed at the top end was installed inside the
extension tube. In addition, cylindrical baffles having a gas inlet
orifice with a diameter ds of 150 mm were installed in the top and
bottom stages of the device.
[0178] As a result, a spouted bed flow state was observed on the top
and bottom tubular baffles at volumetric flow rates of the introduced gas
of both 4.7 m*/min and 4.0 m*/min. Moreover, polypropylene particles
did not drop through the gas inlet orifice from the top treatment zone to
the bottom treatment zone. When the gas inflow rate was changed

from 4.0 m*/min to 3.3 m’/min, a spouted bed flow state was observed
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on the top and bottom tubular baffles, and polypropylene particles did
not drop through the gas inlet orifice from the top treatment zone to the
bottom treatment zone.
[0179] Example 12

Aside from employing a gas inlet portion having a type E
construction instead of a type A-1 construction, the same procedure was
followed as in Example 1 and the flow state of polypropylene particles
on the tubular baffles was observed. That is, in this example, a test
was conducted using a device equipped with a conical baffle (second
type of conical baffle) having a cylindrical portion (outside diameter,
125 mm), a closing plate and a gas inlet tube (inside diameter, 77 mm)
(see FIG. 7). In addition, cylindrical baffles having a gas inlet orifice
with a diameter dy of 150 mm were installed in the top and bottom
stages of the device.
[0180] As a result, a spouted bed flow state was observed on the top
and bottom tubular baffles at volumetric flow rates of the introduced gas
of both 4.7 m*/min and 4.0 m*/min. Moreover, polypropylene particles
did not drop through the gas inlet orifice from the top treatment zone to
the bottom treatment zone. When the gas inflow rate was changed
from 4.0 m*/min to 3.3 m*/min, a spouted bed flow state was observed
on the top and bottom tubular baffles, and polypropylene particles did
not drop through the gas inlet orifice from the top treatment zone to the
bottom treatment zone. In addition, the gas inflow rate was changed
from 3.3 m*/min to 0.0 m’/min. In this example, even when gas
supply was stopped, the particles did not drop down through the gas

inlet orifice.
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Particle fall-back [0181] Exanple 13 In
Exanpl e 13, a polyolefin production process having a
step 5(Polynerization Step Il) in which propyl ene
honopol yneri zation is perforned using a spouted
bed-type reactor was carried out. Measurenent and
eval uation of the polyner properties in this exanple
ﬁ%bwere carried as described below [0182] (i)

fisi c Viscosity (units: dl/g)
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[0181] Example 13

In Example 13, a polyolefin production process having a step

(Polymerization Step II) in which propylene homopolymerization is
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5Three different sanples were prepared by dissolving
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/di. The reduced
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a sol i
described on page 491 of Kobunshi yéeki [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.

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

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

[0184] Prepolymerization

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

cyclohexylethyldimethoxysilane. To this was added 15 g of a solid
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cat al yst conponent, follow ng which 15 g of propyl ene
was continuously fed in over a period of about 30

m nutes while holding the tenperature within the

aut ocl ave at about 10C, thereby carrying out
prepol yneri zati on. The prepol ynerization slurry was
then transferred 5 to a stirrer-equi pped 150-liter
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polymerization reactor)

Propylene homopolymerization was carried out using a
stirrer-equipped, 42-liter Bessel-type bulk polymerization reactor made
of SUS 304 stainless steel. The polymerization reaction was carried
out while continuously feeding propylene, hydrogen, triethylaluminum,
cyclohexylethyldimethoxysilane and the prepolymerization catalyst
component slurry into the reactor. The reaction conditions were as
follows.

Polymerization temperature: 70°C
Stirring speed: 150 rpm

Liquid level in reactor: 30L

Propylene feed rate: 16 kg/h

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

Cyclohexylethyldimethoxysilane feed rate: 5.3 mmol/h
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Prepol yneri zati on catal yst conponent slurry feed rate
(pol ynmeri zation catal yst conponent basis): 0.602 g/h
Pol yneri zati on pressure: 4.2 MPa (gauge pressure)
[0186] In this reactor, the slurry had a nean
residence tinme of 0.79 5 hour, and polypropylene
partlcles were discharged at a rate of 5.25 kg/h The
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Hg%}\‘/l ng to a grit size of 300). This reactor was
cofiverted for use here froma fluidized bed reactor
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transterring nmeans, which was designed to transfer
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to the | ower reaction zone, included a particle

dﬁlgnaﬁsntsms 304 (with surfadds fiaished Wbﬁlfﬁﬁg% ApHlt 8ize of

cle feeding I'i ne. Moreover, 10 Vol %o

300;%&1 the netesial pasicEas dp&hb%gtedffth@ffbﬁél%rt\ﬁﬂs sts 316

t he 'spout ed bed-type reactor) were fed as a gas f

Grithadurfieshnighedtloy buffing to a grit size of 300). ThlS reactor

was converted for use here from a fluidized bed reactor with stirrer.

That is, the stirrer and gas dispersion plate within the original reactor
were taken out and, in their place, combinations of a tubular baffle and
conical baffle were installed coaxially at each of two stages in the
vertical direction. The tubular baffles and conical baffles used here
had the same shapes and sizes as those used in Example 4.

[0188] The above-described spouted bed-type reactor had an
ejector-based transferring means. This transferring means, which was

designed to transfer polypropylene particles from the upper reaction
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5 [0189] Propyl ene and hydrogen were continuously fed
fromthe bottom of the spouted bed-type reactor. In
this way, a spouted bed was fornmed in each of the top
and bottomreaction zones, in addition to which
propyl ene honopol ynerization was carried out while
purgi ng excess gas to keep the pressure constant. The
reaction conditions were as 10f Iloms Polynerlzatl
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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: 120 m’/h

Propylene feed rate: 20 kg/h

Hydrogen feed rate: 1,000 NL/h |
Polypropylene particle hold-up: 57 kg (top stage, 28.5 kg; bottom
stage, 28.5 kg).

[0190] In this reactor, the polypropylene particles had a mean residence
time of 3.9 hours, the concentration ratio of the gases within the reactor
(hydrogen/(hydrogen + propylene)) was 10.2 mol %, and the polymer
particle discharge rate was 14.6 kg/h. The polymerization activity in
this polymerization step was 15,500 g/g. The polypropylene particles
obtained had an intrinsic viscosity of 0.91 dl/g.
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| . A spouted bed device conprising: a vertically

ext endi ng cyl i nder; a decreasing di aneter nenber
which is formed on the cylinder, has an inside

di aneter that decreases progressively downward, and
has a gas inlet orifice at a bottomend thereof;

aWwHAT B8 GIOAIMEDMVRE ch ext ends downward from an edge
of the gas inlet orifice; and a conical baffle

of a fifst tmesp&m[tédlbbaﬁeﬁb@wmb@i@img:aneter t hat
I ncreases progreéessively dowward, is closed at a top

end theaQ@ﬁjcglmejQMdm%@ytindegnd that is spaced apart
froman inside wall of the cylinder; wherei n the

coni cal abdééteasinlg tdianfeters tmewrberi svhichpos efdrateda on  the
position which is bel ow and opposite a bottom end of

t bplihdéy! daspant i mside diaméter Thkats pdedreasdse progvessevely
of claim1, further conpri sing: a second coni cal
bdbWiavarid, ahd Hasrasgad et otifich ababattom ensl therenfamet er
that increases progressively dowward, is closed at a

t op endattnbubarf porroh mduch dxdendsndenciwart fiam spmedge of
apart froman inside wall of the cylinder,

wtee gasiinloeosficonandoni cal baffle of the first type is
di sposed above the gas inlet orifice. 3...The
spout edamsamicahvbaffleoof el fiisintgpe wikich; has ar oabside sliameter
baffle of the first, type is dispgsed above the ggms

i thatinereases progresaively dowmvard onalosedeited oy end thereof,
spouted bed fornmed in the spouted bed devi.ce.

sandthassp bottean wad hayiis spaced apapndont ag|ipside wall phthe
V\,he[,ei n the conical baffle of the first type has a

cyly indetical portion which extends downward from a

Spout e e e B el B ESbors oo U
pfﬁ{s&_w%hv“&ﬁbﬂw“ Sl cind Spotits: fibo He b Ao, tpler
ther el n.
portion.

2. The spouted bed device of claim 1, further
comprising:

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

wherein the second conical baffle of the first type is disposed
above the gas inlet orifice.

3. The spouted bed device of claim 2, wherein the
conical baffle of the first type is disposed above the gas inlet orifice
and also above a powder level of a spouted bed formed in the spouted

bed device.

76



6. The spouted bed device of any one of clains 1 to 4,

further conprising: a cylindrical nenber which
i s disposed inside the tubular portion and at | east
one end of which is closed, wherei n the tubul ar

path up to the gas inlet orifice has an annul us

def i nedg by a”FHé'ts?)b@f t hbﬂ ddvitddfcatly Bﬂéldiatlaﬁﬁﬁ’blelto 3,

and an inside wal e tubul ar portion.

Taepsiauirdcheidall uite d;ﬂ‘th@nﬁrsm ngpefha aioydintrical @omon

further conprising: a closed plate which closes
awhath extéids dbwineardufionara E@nﬁheml edge at thgbettonl ehd

tube which has a tubul ar pat i's narrower than
t fiereoul ar path of the tubular portion and which is
di sposed so as to pass through the closing plate; and

a coni c8l bafThe spowed bedndetippofmy loneast a}almstlsndefl
di ameter that increases progressively downward, is
cixdreeedinatthe nmula]nqmmmmecfﬁrthendcdmpmeboatmlém twilaiich
is spaced apart froman inside wall of the tubular
photizontally divideshthefubularepathrtherdinbaf f1 e of the

second type is disposed i nmedi atel y above a _top end of
the gas6i nl et Thetepouted bedsgevicedbany ang e claims 1 to 4,
conprising: a vertically extending cylinder; a
dﬁa:lrthelsﬁ:@i@pmsa‘a@ter menber which is forned on the
cylinder, has an inside dianeter that decrease

pr ogr es8i yliyddeainmeersb elaﬁMhthlSa ﬁ%oﬁedl Hisl @lthpc@béltlar
a bottom end t hereof ul ar portion
mpmogﬁndr&ﬂée@ﬁim@ pg wrhigh i 1% f the gas inl et

orifice;
wherein the tubular path up to the gas inlet orifice has an

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

7. The spouted bed device of any one of claims 1 to 4,
further comprising:

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

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

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

wherein the conical baffle of the second type is disposed

immediately above a top end of the gas inlet tube.
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wherein the tubular portion further conprises a
partition which horizontally divides the tubular path
therein. 9. A spouted bed device conprising: a
vertically extending cylinder; a decreasing

di amet er nenber which is fornmed on the cylinder, has

an insigle di ang htéd@éd@%@{&aécﬁﬁPﬁrsﬁgzessively
downward, and has a gas inlet orifice at a bottom end

ther eofy verticalBy Exteuliig eolihdan which extends downward
froman edge of the gas inlet orifice; and a

cylindrjcaécrensiey dibinefer smeifheesahichsigeorimed on the

tubul ar portion and at | east one end of which is

bel‘iﬁder,_ has \Whergisidé hdidrodet athatat deorpases tpreguessively
inlet orifice has an annul us defined by an outside

vwdbivnefardhend Hasdgasciletetifiee apadaatom residdheved ] and
the tubul ar portion. 10. A spouted bed device

conpr i sangbubarvpsittiorakhickxdxtends dowriwade from an edge of
decreasi ng di aneter nmenber which is fornmed on the
cthie gakeimleharifige; i nsi de di aneter that decreases
progressively downward, and has a gas inlet orifice at
a bot t owheneint lthe etithular tpdatioar fpsher crompiges ex trartision
downward from an edge of the gas inlet orifice;

which horizontally divides the tubular path therein.

9. A spouted bed device comprising:

a vertically extending cylinder;

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

a tubular portion which extends downward from an edge of
the gas inlet orifice; and

a cylindrical member which is disposed inside the tubular
portion and at least one end of which is closed,

wherein the tubular path up to the gas inlet orifice has an
annulus defined by an outside wall of the cylindrical member and an
inside wall of the tubular portion.

10. A spouted bed device comprising:

a vertically extending cylinder;

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

a tubular portion which extends downward from an edge of
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a closed plate which closes a bottomend of the

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

bﬁ{e‘g@ iflettorifieend type which has an outside di ameter
t hat “i ncreases progressively dowward, is closed at a

top endatdlesedfplagddwhich 1bsdst anbettdnt ratd icf sadabular
apart froman inside wall of the tubular portion,

V\pert&bm the conical baffle of the second type is

di sposed i medi ately above a top end of the gas inlet
tube. a gas ifiliet thbe velpichtleas deubulay path tifatas aiamoRverrthan
10, wherein the conical baffle of the second type has
atheyhibudar path pbthé tubwiar pbrtéom andswhicknisadidpbsedrsa as to
peri pheral edge at the bottom end thereof 12.
Tpesssthoatgh the dlakng patef andy one of clains 1 to 11,
wherein the tubular portion further has a ]
bel | noug heghigpkdbaffiet @fi ansecond typeawlipe bpoaredwside
devi ce of any one of clains, 1 to 12 conprising a
ptiameterythet Tnoresemprogeessivay dlawnwasér is clased at a top
decreasi ng di aneter_ nenber and the tubylar portion., |
mr.ldth@re@%oan@ hasegbadomeendthal i§i spaced apast Bom gpdnside

AL ! RN BOIAR, port1on are arrayed n a
e o O it babl B W et
oatdiafely #BOTe R oDt Of BGEE LISLERP bed of

b oduct Abn syanersnconed beflevice of ARGt G 1, wherein the
DESalSR hAe B BeEShUlR! 58 e . OSR, BORASH Fnich
POLYN K SRt %c?rﬁ;a Sgﬁpheral edge at the bottom end thereof.

12.  The spouted bed device of any one of claims 1 to 11,
wherein the tubular portion further has a bellmouth-shaped bottom
end.

13.  The spouted bed device of any one of claims 1 to 12
comprising a plurality of combinations of the cylinder, the decreasing
diameter member and the tubular portion.

14.  The spouted bed device of claim 13, wherein the
combinations of the cylinder, the decreasing diameter member and
the tubular portion are arrayed in a vertical direction.

15. A polyolefin production process which comprises
carrying out olefin polymerization by using the spouted bed device of

any one of claims 1 to 14 to form a spouted bed of polyolefin
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the spouted bed device of any one of clains 1 to 14
whi ch is connected as a subsequent stage to the olefin
pre-reactor. 17. A polyolefin production process
whi ch conprises carrying out olefin polynerization by
using a spouted bed device to forma spouted bed of
pp&mﬁﬂ@iin particles, wherein the spouted bed device
conprises: a vertically extending cylinder; a
decreasifg di Arpdlgoleferpesdwdticrhsysiefnocoraprising: he
cylinder, has an 1nside dianeter that decreases

progr esan ‘od¢fin %mmt@r wini¢hipslymayazesiolefin inrtheipresaice
a bottom end thereof; and a tubul ar portion

wbf ah cdefinpddynherivation datalysato fatge polydlefingzatichdseand

orifice. 18. A polyolefin production system
conpr i sthregspouted tzed deeicerofpary oagafoclawns dhto 14 which is
pol ynmeri zes olefin in the presence of an olefin
pooynected asiaosubisegacutstago t6 sheopefiy prefeactparti cl es;
and t he spouted bed device which is connected as

a subseddent 4t aadyotefimeprsidsictionpmroeessc twhichwieomapmses
t he spouted bed device conprises: .a vertically .
egaayng @ut wlehagolymerizagiogeby aising @ spewsdheddapise to
which is forned on the cylinder, has an inside
difermtaespauied bed rialyeldfimpasidesel y downward, and

has a gas inJet orifice_ at bottom end thereof; and a
t ubul ar VEHIEIY mqmefib@é 1SR AAIRIBCE om an edge of

a vertically extending cylinder;

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

a tubular portion which extends downward from an edge of
the gas inlet orifice.

18. A polyolefin production system comprising;

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

the spouted bed device which is connected as a subsequent
stage to the olefin pre-reactor,

wherein the spouted bed device comprises:

a vertically extending cylinder;

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

a tubular portion which extends downward from an edge of
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the gas inlet orifice. 19. A polyol efin production
process which conprises carrying out nultistage olefin

pol ynmeri zati on using the polyol efin production system
of claim 16 or 18.

the gas inlet orifice.

19. A polyolefin production process which comprises

carrying out multistage olefin polymerization using the polyolefin

production system of claim 16 or 18.
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