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TI TLE OF THE | NVENTI ON OLEFI N POLYMERI ZATI ON REACTI ON
UNI T AND POLYOLEFI N PRODUCTI ON PROCESS BACKGROUND OF
THE | NVENTI ON 5Fi el d of the Invention [0001] The
present invention relates to an olefin polynerization
reaction unit and to a process for producing

pol yol efi ns using such an reaction unit. Rel ated
Background Art 10[0002] A efin polynerization my be
carried out by polynerizing an ol efin nonomer in the

pr f d form ng granul ar polyolefin
pa f ? ) IWﬂ(ﬁlﬂss that !s knoyvn to the art
' Dm'rmﬁN carppi FMPRIZATIGRE | ZREACTION Nd BNIT  AND
si ngl e-stage gas phase polynerization reactor having

on@QIY QIBFIKRRODSCIYON RROCESS si ngl e 15 heat

exchanger to cool and partially condense unreacted
mM@KGR@[MiQTgT@&Y@E@ed fromthe

polymeri zation reactor, and carrying out heat renoval
Wi fﬁﬂﬂiﬁw&@ﬂ&gst age gas phase pol yneri zation

re I again feeding th ases and ndensate.t o.
L O ST R e
Pa . ¥ i ' A
[oogarofiEit 684103 poLes ranTDNTng pilnhiE g such an

pr 9eRtiontub@t uses a multistage gas phase
pol ymeri zation reactor which is divided into two or

o Related Baekgroand it st ages, wherei n pol yol efin

particles nove froman initial stage to a fipal stage
and0002] Oledins palymerigationrnay diei eArpiSes st pebyiweetizing gn

00515 S A M e 98 AT oAl okl Byt

Ja%%ﬂ%ﬁ@ﬁl? aﬁfﬁ'ﬂ&les. One such process that is known to the art
involves carrying out polymerization using a single-stage gas phase
polymerization reactor having one polymerization stage, using a single
heat exchanger to cool and partially condense unreacted monomer-
containing gases recovered from the polymerization reactor, and
carrying out heat removal within the single-stage gas phase
polymerization reactor by again feeding the gases and condensate to the
polymerization reactor (see, for example, Japanese Patent Application
Laid-open No. 2000-302807).
[0003] Olefin polymerization is also carried out by a process that uses a
multistage gas phase polymerization reactor which is divided into two
or more polymerization stages, wherein polyolefin particles move from
an initial stage to a final stage and, at the same time, an olefin
monomer-containing gas is fed from the final stage toward the initial

stage (see, for example, U.S. Patent No. 5235009 and Japanese Patent
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Application Laid-open No. 2003-277412). Heat of

reaction renoval in such a nultistage gas phase

pol ymeri zation reactor is generally carried out by

usi ng a heat exchanger to | ower the tenperature of

unr eact ed nononer-contai ni ng gases recovered fromthe

initial stage of the 5 polynerization reactor, then

feeding the gases again to the final stage of the

poI ynmerization reactor. SUVMARY OF THE | NVENTI ON
%?p?hc'é'ﬁ&ﬁi%ﬁd— ¢h K¢ 5993 pEyhesh 1 qqeff% SIP¥ Bi%n Bk oD &L

£1on Wt h nanrutlstage gas ase
polsMéE hidaltistiye BRGHAke p@l/yrﬂ&liaﬁohheadtar i geﬁwawya&amed
tenperature associated with heat renoval,
t epebyt using v hédtrexchengeratot lrwersthii t@hgxemiturehof; areacted
stages in the reactor, which results | n_l ar?
di Pienaspereeonitainitige gasesc reanveredizomt thee inita tmeotoﬁ ethe

hand ng a he al .nethod in t he heat
of PobaBETARIoP eRct b horL R Btk gﬁﬁ%ss%é%%?h e i Sy of

re descri bed 15 above is renoved by
fegﬁﬁglygrﬁe%%ﬁﬁé%gb% "monomer condensate to the

pol%%gtégtygpmmqumppr ature differences

be € stages can be minimzed. Yet, the gases
ney0004leHenev ey ihsuek apatetiidd foroferhdwing the dreanbe reaction
causes the gas flowrate to rise_ at successively

hi grithinsa ayelistsget gas phasst polymerizatiogstgactors bwing do the
rate, of gases that are dis ha ed 20 fro \£e react or
an éilstf}% &ad zl?r@HelBEES rAs§ogale ghﬁat PIF@WVEL ¢ dgmperature

U e bl BB Wt e

ﬁggé %ﬁ&eﬁ sqﬁtth?freatctﬁ%nﬁ EfitureNV O iH2Nothé: han hand,
prow an ol efin polynerization reaction unit t

abluginip0 acBedt edrhovdl eniethodMin | whithe thd ibrgt m\me"acﬁeﬁtm a
in olefin polynerization using a nultistage gas phase

poyltistaget gasnphmcpo}rymdnzahonsraacw dewhi as atvvdesnrlbed
nmore polynerizatign stages, i ch pol on
palabPYf‘P istemeneds by, feesing ﬁﬁlt‘mﬁ‘Fa g@npmea cpp saget t@g@e

T r BRDEREsatitn; eaflor JoPRRES GEerioey BrRteghe s
Obj, Cﬁl% MAnitdE . hﬂé 5\1# gﬂseb Shelfly Fge%fa‘i‘&i By peQz'a}ﬁ&laﬁBhrbf the

pro on ne
condensate causes the gas flow rate to rise at successively higher stages

of the reactor. As a result, the flow rate of gases that are discharged
from the reactor and circulated becomes very large. High-powered
equipment is thus required to circulate the gases, which increases the
power costs.

[0005] It is therefore an object of the present invention to provide an
olefin polymerization reaction unit that is able to cool efficiently while
cutting power costs in olefin polymerization using a multistage gas

phase polymerization reactor which is divided into two or more
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5uses such an ol efin polynerization reaction unit.

[ 0006] Accordingly, the olefin polynerization reaction
unit of the invention includes a nultistage gas phase
pol yneri zation reactor which is divided into two or
nore pol ynerization stages, in which polyolefin
particles nove froman initial stage to a final stage,
and in which an 10 ol efin nmononer-containing gas is
fed fromthe final stage toward the initial stage;

fir bl ti i ' il

@ COLBRARHG SERTATSIPE PATRISTR, bRrtichd hAR fehich
t hénitiabelage tova tiihad sfape Sdndnieawhhcieslgfin maiun&eadidining
circulating nmeans for feeding to one of the

polgpses ferhfroomthet fnpd stagedomued $lag mitiarstage. byAnother object
condensing, wth a 15 _second heat exchanger different

f][&-ﬁhﬂlﬁ em}vmtsqn kel Pexddafyeplyole m@ﬁﬁgednrﬂ?ﬁh Which
[ [ . [,0007].,1 [

ggl‘éﬁ%‘i}%ﬁghﬁg’% fl}q%fé%’_iﬁ'rea%’“?‘h iy gsénf ionSelnF i on,

conpbfEPRCEoG o AL PRodindiBRGH RRCIGH RET e

Nulihy&HtRAEInGR[e d ISR Yo Phiabe pbiydieriZfieh @8adtér which
| onered by the first heat exchanger, then again fed to

t hés tivided dtegeroodr tivee polyyneizationi stagesearwhich polyokpfin
wi th which another portjon of the unreacted

roiperticles omvei fiomyag dgitiek stagedtor & dinal Ktageupad dn ayich 2
ﬁg"" i chRpging 864 1% B 088H ﬂi:‘q'lili%le BeRaPend e
R e g U R

of {NANQJidhhicel Mimithe iniﬂamggéo afk® MR QMled Rithe first heat

utiltzed, making 1t possible carry out efficient

heaikchageyaland [2008d oMcaiatingeamanse foprfdediagt foooné f the
carried out by a second heat exchanger which is .
sepalymerizatibndistagenoca dondemsate formed e ondersiegygwith a

second heat exchanger different from the first heat exchanger, a gas

removed from one of the polymerization stages.

[0007] In the olefin polymerizatioh reaction unit of the present
invention, the temperature of a portion of the unreacted monomer-
containing gas recovered from the initial stage of the multistage gas
phase polymerization reactor is lowered by the first heat exchanger, then
again fed to the final stage of the polymerization reactor, along with
which another portion of the unreacted monomer-containing gas
removed from the multistage gas phase polymerization reactor is
condensed by a second heat exchanger to form a liquid condensate
which is then fed to the multistage gas phase polymerization reactor.

Such an arrangement enables the latent heat of vaporization of the
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5 the anount of gas supplied the first heat exchanger
can be reduced. That is, the capacity of the

circul ating gas conpressor which circulates gas in the
first circulating nmeans can be | owered, which has a
significant power cost-cutting effect. [0009]
Meanwhi | e, the decrease in volune when the gas are
condensed 10 results in a negative pressure within the
second heat exchanger, causing gases to be

au a [ S

vor B borkpBhaiy B duliRRAZRIARE 1E Hos H R Ry ou
copgeisineabrahiovdle gas by the second heat exchanger
can easily be fed into the polynerization reactor by,

f o[0@0&nAlse, Hebgudeeaondurssison ds ofartibe duitgby dh isesmidf heat
that is, 15 without using a_ punp. Wen the head

pr eschanger wvhich ihseparatn cugdHdistinct fggmigbe fistelesd exchanger,

ey e
S 6 S S0P L 507 e

SO QQ%?ﬂﬁ’ﬁdrgg g’kétﬁﬁtgﬁ“%nﬁ%ﬁar?l?élo‘%wé&d?\%ﬁlﬁ 1 %;Hééﬁiﬁ@&ﬁt

degr ee. econd circul ati ng neans

OV @bler casttdudtingeffest. cost -cutting effect. [0010] In
addition, in the inventive olefin polynerization

r e§0009] Meanhwhilecthestectdase srevolumeawhenithe gaganceandensed
bot h enabl es gas to be reppved from a desired .
poll“;&\ﬂéﬁsilé &negative QQQSSWHJJ% seeondheat exehanges qaysivg

oot o o cndpay e SR R, S ey excipneer

P SFRoye? RN (boitholitt) KM EoRision Sihe 420 by
gashe RasshdPRéat '@idhanbérofar easilyobe fe@Oihld th¥ pbBmdtization
the second circul ati ng nmeans feeds the condensate to

reactor by, for example, the head pressure of the liquid itself; that is,

without using a pump. When the head pressure is not high enough, it
may be necessary to use a pump. However, even in such cases, it
suffices to use the pump only to the extent of compensating for the
degree of inadequacy in the head pressure. Hence, although second
circulating means is provided, doing so does not raise the power cbsts to
any significant degree. Indeed, the second circulating means has
overall a high power cost-cutting effect.

[0010] In addition, in the inventive olefin polymerization reactor unit,
because the second circulating means both enables gas to be removed
from a desired polymerization stage and also enables condensate to be
fed to a desired polymerization stage, any polymerization stage can be

selectively cooled. The present invention thus has the additional effect
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t he polynerization stage from which gas is renoved,
the polynerization 5 stage imediately before the

pol ynmeri zati on stage fromwhich gas is renoved, or the
pol yneri zation stage i medi ately after the

pol yneri zati on stage from which gas is renoved. [0012]
Such an arrangenent nmakes it possible, by feeding the
condensate close to the polynerization stage where gas
is renoved, to 10 replenish at a nearby

pol ri ' h : S

PO KRR o RERAfure" oRBY Wipsh, B85 phflall s phase
po:‘%%ﬁég@aﬁbﬁqegf@ge within the nmultistage gas phase
pofyrferi zation reactor can be kept substantially

unif@@y 1M Preferabl§Pthd] setbrd civoulatingaeany déadvethe zahdarsate to
stages are preferably arranged 15in a vertical o
di theepolymerizhtion stagedram viick pad is removedutbe polymerization

footprint of the reactjion ynit. [0014] It is . .
pr &tage dBiraediately betare bR PolEmeristionger frompwhich gas is

i tuat ed f wh th d t q. i fed.t
poF ST §%atOlon 1s; RO IALPH TR, PARSEIRRY (e e
en%hﬁﬁeﬁmo %f%aepﬁ&wﬁﬁh asidRmdvedi d 20 condensed
by *t'Ire to

second heat exchang e i ncreased, nmaking
| 1 [69F2]68udHO il Patkahgelifent O nekkas ajte Kb@sibt@?. bgagéadin®' the
to a polynerization stage. [0016] fluidized bed or a
speohdehsatedclose tdtheppolynierizatipmistagel whereegastie rémowed] to
in each polynerization stage. Because nultistage igas
phagxdeu@gatmearbmpqimme@a@m stagetthe sagunt of gas lost by

COrEHE i TERE B R BB RSBl

within the multistage gas phase polymerization reactor can be kept

substantially uniform.

[0013] The two or more polymerization stages are preferably arranged
in a vertical direction. This makes it possible to reduce the footprint of
the reaction unit.

[0014] It is preferable for the second heat exchanger to be situated
upward from where the condensate is fed to a polymerization stage.
[0015] This arrangement readily enables the head pressure of the liquid
condensed by the second heat exchanger to be increased, making it
easier to supply the condensate to the reactor or to a polymerization
stage.

[0016] A fluidized bed or a spouted bed of the polyolefin particles may
be formed in each polymerization stage. Because multistage gas phase
polymerization reactors with such constructions generally have an

excellent plug flow character, polyolefin of excellent uniformity can be
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obt ai ned. [0017] The pol yol efin production process of
the invention carries out olefin polynerization using

t he above-descri bed ol efin polynerization reaction
unit. 5[0018] The present invention enables efficient
cooling to be carried out while at the sane tine
cutting power costs. BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG1 is a schematic view of an enbodi nent of the

ol efin polynerization reaction unit according to the
prei nt inventi on; 10FIG 2 is an enlarged schematic
cr §9LBELt i onal view of the nultistage gas phase

pol [ [ j ; :

"o SOETT TAC Bl €88 ifbadctfor Brdcels o R0 Hventiop, cies’out
ol fiéfin Polym@iiatidhi Wing €8€ bbeve-dbidribed cefn 1{%1;12@10:1
i nvent i on.” DESCRI PTI OF THE PREFERRED EMBODI MENTS
15[resctdn wrief erred enbodi nents of the invention are
descri bed in detajl below while referring to the

at {80 h8ldThe presankinventien saakles gficientpoeliag feberarried out
ot herig;teth posi tjonal .relationshi ps such as up-down

andvh éﬂf‘e&‘%e BULBE POXVE 85t e| ati ve positions

:E .3&3 I !Al‘ 'si ons of features

FIG 1 is a schmatic view of an embodiment of the olefin
poiymerization reaction unit according to the present invention;

FIG 2 is an enlargéd schematic cross-sectional view of the
multistage gas phase polymerization reactor 10A in FIG. 1; and

FIG. 3 is a schematic view of another embodiment of the olefin
polymerization reaction unit according to the invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] 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.
[0020] First Embodiment
Olefin Polymerization Reaction Unit

The olefin polymerization reaction unit 100A according to the
present embodiment includes an olefin prepolymerization reactor 5, and
a multistage gas phase polymerization reactor 10A connected

subsequent to the olefin prepolymerization reactor 5.
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20to scale. [0020] First Enbodinment defin

Pol ynmeri zati on Reaction Unit The ol efin

pol ymeri zation reaction unit 100A according to the
present enbodi nent includes an olefin

prepol yneri zation reactor 5, and 25a nultistage gas
phase pol ynerizati on reactor 10A connected subsequent
to the olefin prepolynerization reactor 5. [0021]

A efin Prepol ynerization Reactor The ol efin

pre [ I on, react or ol ymerizes olefin in the
pr E@@é@%ﬁ%%?@ﬁ%%ﬁ@%@%?%ti on catalyst to form
pol yol ef+ [ [

o cpol yrilt SRR frefdympcAte) rigeRiES Bpliherla® oot ifthe
i P}és@ﬁicé Qf ShUblfiP opoliRktizatid® nceftﬁz  @6S fortvl| folyolefin
pol ynmeri zation reactors, stirred tank-type gas phase
pobyrtiviészati on reactors, and fluidized bed-type gas
phase pol ymerization reactors, Any one of these

r e023] sExangplee ofi hei olafinprepalypnerizatiopyreagtor ddpelyds, bt

used . n conbi nati

th t 10 b , Lt wo.
or aFoRgt HEktedoios SHITY pPBESTEtOD JEactary, Bk polsgnsrization

© gty Siinsdo ke R BT BPLERAoho B, and
requi@zed bR gf%ésg ghége! gg%‘i‘rixér@iﬂﬁnhyfh%cfcﬁﬁﬁ Ang 8nél of

| oop-type rea SCri n Japanese Patent

Pultihdse 2éactorsMaay Be 4dedl 2186, a plitalitp pdnestorBaif ¢ing same type
Publication No. S 46-11670 and Japanese Patent

Pulnidyche used ixocorsbitatian3motwebn mare geactonsrafdiffering itypes
process in which g polynerization solvent is prepared
by maydpgsedineoBbipatifthorrer such as propyl ene or

y SOE: S elgler B T eectiff ) 18 B Tafice known

PeRbRRerization reactors, such as the stirred tank-type reactors and loop-

type reactors described in Japanese Patent Publication No. S 41-12916,

Japanese Patent Publication No. S 46-11670 and Japanese Patent |
Publication No. S 47-42379. Slurry polymerization is a process in
which a polymerization solvent is prepared by adding an olefin
monomer such as propylene or butene to an inert solvent such as an
aliphatic hydrocarbon (e.g., propane, butane, isobutane, pentane,
hexane, heptane, octane) or an alicyclic hydrocarbon (e.g.,
cyclopentane, cyclohexane), an olefin polymerization catalyst is
dispersed in the polymerization solvent to form a slurry, and
polymerization is carried out in a state where the polymer that is formed
does not dissolve in the polymerization solvent. Polymerization is
carried out at a temperature and pressure at which the polymerization

solvent is maintained in a liquid state and the polymer that is formed
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20 hexane, heptane, octane) or an alicyclic

hydr ocarbon (e.g., cycl opentane, cycl ohexane), an
ol efin polymnerization catalyst is dispersed in the
pol yneri zation solvent to forma slurry, and

pol ynerization is carried out in a state where the
pol ynmer that is forned does not dissolve in the

pol ynmeri zation solvent. Polynerization is 25carried
out at a tenperature and pressure at which the

SR I b s

th i:zat.l n I (o '

t ongpaie it FehORIS 0 (T190°C, ¥R FERLEP from 50 10
pr goecabl yrher gmﬁﬁeﬁ@atﬁ%anéfﬁ@r@ Ofsy Rhbradly! FrorR’ SRAHAR]
is generally fromstandard pressure to 10" MPaQ and

pr giressatd tp 0 BRAG, and prefetdbiyioi0034b EMBaG

pol ynmeri zation reactors that nmay be used include known

pol[9924]i Bulk pelyimexization reaciers tiat mray beiused dneludk koppn
LZ%I‘é I A DR SHots BTSSR ke Seactsts Bag loop-
e y .

pupthERais Rscrbedn b8 K RIAREIBE N 5 41-12916

Pr 9GEsesk npa@%mmcawm.i 5 ROTET(Q Sfdh J8Sanese Patent

propyl ene or butene I's used as the polymerization
solPublitatich tNle. Sul$L428792l Ballls epulenetizatien tis SOIpre¢dss in
such as aliphatic hydrocarbons (e.g., propane, butane,
i sothichran, olefintmpnomere sucte as Iprppylane oodndene) isaused as the
alicycli¢ hydrocarbqgns

(e.g., cyclopentane, ¢
cy Pobasazation sphvegitdnithe 5@?&}%}4 z«%ﬁmﬁe @gnsn@%vmgs such
di sper,sed..in the 1 ol.ynerj zation,_sol vent nd
porS Al A bt ol (& B abdRny cohufile, pentane,

0 S,
P PR, biptane Sod fidRAd Wy ROy doSaiboHS (.0, EPBiopentape,
at cgclobeRsie)! uheoRfith poRasdtiAtioh “itaBRt tifedispersed in the
pol yneri zation solvent is maintained in a liquid state
angbolymenzdtiomesolvent, and polymetizition isocardied smitvim anstate

t he 20pol ynerization solvent. The polymerization |
t edvherat the pelymenerthat) yist dormerh deesionet, disgplve in the

preferably from50 to,80C. Th ol yneri,zati on pressure
P8 AR R S
pr r r g - 1. a
oS08 Ahbee (W Wch 48 bipEtizety Sbifon) 30 MANABACH, o
Knoiid 3¢ WART thé 3hdlomef TRE A fornfdCho@Snbt BiskSIRE it the
descri bed I n Japanese Patent Application Laid-open No.
S $oldi&isationdsclegritn e The Radlpmerization 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. Stirred tank-type gas
phase polymerization reactors that may be used include known

polymerization reactors, such as the reactors described in Japanese

Patent Application Laid-open No. S 46-31969 and Japanese Patent
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Publ i cati on No. 559-21321. Stirred tank-type gas phase
pol yneri zation is a process in which a nononer in a
gaseous state is used as the nedium and, while

mai ntai ning an ol efin polynerization catal yst and
olefin polynmer in a fluidized state within the nmedi um
by 5 nmeans of an agitator, the nononmer in the gaseous
state is polynerized. The pol ynerization tenperature
is generally from50 to 110C, and preferably from 60

¢ aRgBhGatian, R, B8R Can TETH] cSBHPRE 2Tphpophase
ph?ﬁﬁéﬂ%ﬁﬂ%ﬁ@ntig‘% cE§seﬂl Eliﬁ@n ?%seous state is

zation r ctor, I'S gene

10&&@{] darthe RRREOMN nd Owﬁllé"?ﬁﬁnﬁﬂﬁiingfﬁf alefﬁﬂ polyneriAtion
to 3 MPaG [ 0025] FI ui "di zed bed- type gas phase

polkgtatyst z2ad iolefin patymersin hdluidirgd state seithinnthle udedikno by
reactors, such as the reactors described in Japanese

Paneqws Aégnuagﬁﬁtqsnﬂ@anan@@éh inghe gssgupsiarois polywpearizesk
RS Rt G R Pty b oo e, e
55RO AR i

us &fla <'i‘§n%ehﬁ vifich Wié afedin S BeeprBi'ed o BhhdEGidhi 8

ol ef m pol yneri zation catal yst and ol efin polyner in

f1 sliged eailksttypé gas\phiNerpdlymernieati armeaytot,ndfik enerally fffom
medi um the nononer in the gaseous 20 state is

postpndandmgssurmwsi) MPaGgad preferaily fromp .5 to AMRAG
%@%ﬁ*&u@f@"ﬁ%& 55 Phas polymenzeton fracts qbatymay
e, %a%gn&eiﬁa%ﬁ%ﬁ%% R LAY e’ FRACR defettctin

Wt P t P&#ﬁl ﬁpgﬁé‘atﬁﬁx N7a8$:8Pén 2902 SV 3BY0 1@'098 Yapanese

ed 25bed-type reactor,

gePateat | Applicativs tleaidapegnpNes $u 8- 1126406 d&ﬁaﬁméenﬂ&t&rﬂ
from0.2 to 8 MPag and nore preferably from0.5 to

116@@{1@@23}11&@@ Nat I—b21-§3670&1| f Fludined bedrtypmer gasaplmse
- ylnllefriz%tlon is aa Srlolcjzer:sfsym which a monomer in a gaseous state is
used as the medium and, while maintaining primarily an olefin
polymerization catalyst and olefin polymer in a fluidized state within
the medium by the flow of the medium, the monomer in the gaseous
state is polymerized. In some cases, an agitator is also provided to
promote fluidization. The polymerization temperature is generally
from 0 to 120°C, preferably from 20 to 100°C, and more preferably
from 40 to 100°C. The polymerization pressure should be in a range at
which the olefin can be present as a vapor phase within the fluidized

bed-type reactor, and is generally from standard pressure to 10 MPaG,
preferably from 0.2 to 8 MPaG and more preferably from 0.5 to 5
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pol yneri zation reactor or a bul k polynerization
reactor, to which is subsequently connected a
fluidized bed-type gas phase pol ynerization 5reactor
or a stirred tank-type gas phase pol ynmeri zation
reactor. [0027] Alternatively, a flushing tank for
separating unreacted olefin or polynerization solvent
fromolefin polymer particles nmay generally be

provi ded between a slurry polynerization reactor or a

bumg&l ynerization reactor and, subsequently
co ed thereto, a gas phase 10 pol yneri zation

10096 edilbiichs! ddtHeF S BGlOLY AR ORIMAREL LY o shurry

pol'yneri zati on reactor, a stirred tan e gas ase
polpoiphbd2dtiodnrdaeast O adbulkhgolyulesieatiem rbactSe 6" WARH is
mul'ti stage gas phase pol ynerization reactor 10A.
Howebsaquestly lwoanédted lai figi dizadkbédstypetgaal phmge pobymenization
particularly, in cases where a bul k polynerization

15reaeener 3 firredimnk4ype ganphasehatrnerzaionggactor.
praoyjded. .[ 0028], Mul ti st a Phase,.Pol yneri zati qn
et S Atermatihd i dushiio ok be SBRASHOB I RRctSL e or
re IS r ) j tond
e R N PG bR Beferally be
polprawided albebReditag! isfiirP N ppBIiRkoR PRAtoE! @F for pRg
by "t he ol efin 20prepol ynerization reactor 5. [0029]
Refpelymagzdtionheéetdr ahd)subsdduentlpgongededtirseto, a gas ?hase
pol ynmerization reactor 10A is conposed primarily of a
cy Ipolytaerizationhireactext suelis asera | Quidized Dbediypal gay plase
defl ector,s .20 provided insjde . the cylinder 12, and g

p eRjZadion; {RGHo%r 2o dankabipecga) Rhash RRbmesrization
IR, 9,350 UL, b Pl gl e
0 JOURRG Rt o8 bl Ol U ol
t halways requitedf fpaeticdérly in cases where a bulk polymerization
reactor is used, a flushing tank is often not provided.
[0028] Multistage Gas Phase Polymerization Reactor
The multistage gas phase 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.
[0029] Referring to FIG. 1, the multistage gas phase polymerization
reactor 10A is composed primarily of a cylinder 12 which extends
vertically, a plurality of deflectors 20 provided inside the cylinder 12,
and a plurality of tubular baffles (decreasing diameter members) 30

provided inside the cylinder 12. The deflectors 20 and tubular baffles

30 are alternately disposed in the axial direction of the cylinder 12.
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to be disposed coaxially with the center axis of the
cylinder 12. [0030] In the nultistage gas phase

pol ynmeri zation reactor 10A, five polynerization stages
25 are fornmed in a vertical rowinside the cylinder 5
12. Each pol ynerization stage 25 is a region encl osed
by the outside surface of a tubular baffle 30, the

i nside surface of the tubular baffle 30 directly

bel ow, and the inside surface of the portion of the

C.\/LALIT&%HS efefatl1é RSt bR thARI R 2?%&%}?@@0{1?&% 30

tubul ar baffles 30. The topnost polynerization stage

250 Be dispegidcvagiutlyosigll theycenba axiso e EPlisderfiace of

the cylinder 12 at the top thereof, the inside surface

of [8039] tlnbtheamultistdgee g&0 pHasee polymedizhtion trosctoop0af fivee
r.12, and the inside surface of the portion of

{ )élﬁgggq?qr_’r?@ﬁpn f@ge% 96 alrﬁcifom_sd iy g vertina) ravi gm%g%ﬁmﬁnder
093] fth s agRe SRR st 39058 i e ousice
e s o {1t TR Po e e S TR ol Bt 0

spaitaty Bedvon@thy Mtdd SurBare! 6%@%&&%@1&5&2%1 V)

in FIG™2, in each polynerization stage ector

'20(¢ydindiisglopedtiat) detvant ilwset bad tubtkrabeest 3@  The

tubular baffle 30 and 20 faces the gas inlet orifice.
Thtopnsé pslympezatisi steger22ds iasregiomenvlentd dyotheeihside

pol yal ef i n_partjcl es.fromscatteri t o hi gher stages.
ThidrTace, efcthie CXEB@Q DRt 3o thaRok Hae ARside Sarfere, the
en ' h@h: Lcien t 0..be achie
OB baincia Hink iy 5B, e 0 BE e inGREER BT insidsy
ensirfftad tdratihd 0gged  dey dj | (o

i ncreases pt}%ég?%%g?bel%s (tj}%)e\{;\l/lrwb\kgig&g& a1r312d Qg@??gar% r?g& b
t htierébetwegaced apart fromthe inside wall of the
cylinder 12. As a result, particles that have been

bl K8 Llip¥idhia easthl pelymeirizatio etaign <25 exns olefinemntdininigegas
de{ll ector 2Q and, are taken up into the annul ar

st

OWE Hhwase 4t highyveleaity dkom & g dnlsh pifice fermedigb @

or D i AR YRR ol er 0, MR i e
12@fﬁ&9§1@fml§ﬁgﬁblg§bul ar baffle 30 is a tapered

cyli'nder whi'ch has an inside dianeter that _
pr [0982% AsvshoyrdecFIEn gt édthtguty slempmitistdied 25,14 @dflectttd
has a top end 30a that is contiguous with the inside
wel( iptispheed gt arpisiticpthaglish abovarthargemenbaffld 30snd
gafses to circlflate upward from a .
aces the gas inlet orifice. The role of the deflector 20 is to prevent
spouted polyolefin particles from scattering to higher stages. This
makes it possible to shorten the freeboard zone, enabling a high volume
efficiency to be achieved.
[0033] The deflector 20 has a conical shape with a top end 20a that is
closed, an outside diameter which increases progressively downward,

and a bottom end 20b that is spaced apart from the inside wall of the
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10 circular gas inlet orifice at a bottomend 30b of
the tubul ar baffle 30, but does not allow the gases to
circul ate upward between the top end 30a and the
cylinder 12. The gas inlet orifice formed at the
bottom end 30b may have di sposed thereon a check val ve
(not shown) so that polyolefin particles within the
pol ynmeri zati on stage 25 do not flow 15downward through
the gas inlet orifice at such tinmes as startup or

te sh f [ ri ' .
 oPR 2 AR iR U hBv Beot oAt sotice
Uppgth dRVAGIRE R38R MREIGIEZD 3Rd aFe 9SS into the
t hrough each of the four upper tubular baffles 30

wi aimidart $teicoyreiofdlee scitedibed.a AbtHeaambonme ogases Sipdulate
provided in the 20 bottommost tubul ar baffle 30. The
upBRWarbby passing baswen the hojtonyaside}inofthetdeflector £6 and

éih{m&ﬁ%&'\‘@?eﬁﬁ_%?égéﬁﬁ'e%%éa},p%?ig?gf the. Bﬁf‘t Lfn““

R G e O S R R Sy L e e
pa&fahfét&*sth‘at-'gﬁ%'@ss?&dﬁlf Ilﬁc{@ékééqﬂlefhezéc]‘ﬁnw ditaleds M4l
and V/2 are arrange n serres.wth the bottom

doheco ey ertbB0a tHae iPedntipuehs withetheiifdigs wallnofaBe cylinder
di scharged in a subsequent step by successively
op&di nfuehhdncirvarigeqenh edlowsapases tu7dirarate Vii@wardOfaf] a
To forma stable spouted bed in each polynerization

st @g@;lwaﬁ fei lglriﬁes P P@Z@r@d 3hcof the mklru&ar hyfﬂq& Be. g
e A B S Sy Rl S, bR e o8 b e,
R PHIRR %0 HR B S SR MR g ol

0. 30b ahay dave dBpdied nBlerdfiha tohbelk anlRA{hdteshoth) o that
st abl e spouted bed having good particle circulation is
eapolyglefior paticles withinr dla tpolymerizationf stege 125 do not flow
polymeri zation stage 25, Alsq, the 10 angle of

i n‘é‘PWﬂ‘é(E’idoﬂlrﬁggh dfeti?é ir\hmplaﬁcm;tfwhs?mieﬂ | Guyp or
5 Al S b O,
t

w PR RSOy eRaR | o Rk, BB 85 F At BR Rl 5o

| Sas"Ry Fash rtmf@Famazh f the Fsir GiRer 3FBIEr BALT8 BOSRitARCHR!
| east the angle at which the 'I5 pol yolefin particles

caeylinelecohd)l andl y dotomardparhapnseri 84bi engproyidetnin hihe

vval)P/ snoot h downwar d_ novenent of the pol yol efin

pabatiammest fubidan batle 30o03Fe AppRo igvncossut3sa hldow
a flat plate with a gas_jnlet

8?5?911‘9@85339%@% ol iﬁrrﬁ S IRPeR POy menzatign sé%&er?é tae,

@ lower polymerization stage 25. The purpose of the bottom downcomer

35b is to remove polyolefin particles from the bottommost
polymerization stage and discharge the particles outside of the cylinder
12. Two valves V71 and V72 are arranged in series with the bottom

downcomer 35b. The polyolefin particles can be discharged in a
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20 region where particles do not fluidize wll arise
on such a flat plate near the inside surface of the
cylinder 12. As a result, due to poor heat renoval in
this region, the particles may fuse together into
masses. To avoid such a situation, it is thus
desirable for the tubular baffles 30 to have an angle
of inclination a30 which, as noted above, is at |east
a 25given angle. [0038] It is preferable for the

| el FrRBeR A by snbcessivell ST PRk e urtveny 71
ouayoepsurface of the deflector 20 and the
horizontal, which is at |east the angle of repose for

pol[§e3&fTo fiandt 4 elable spoRsRbedint dich poliendriating &tagk25, kth
this way, polyolefin particles can be adequately
pr és/derizablef thatreadh wbilay batfle B@ satisfy Itee falleviag .conflBidas]

Pol yol eftn partic|les have an angle of repose of, for
exﬁméy, the s#HiuBade between tisdliemetsr driof thegasinlesforifice

555 {S PR ot 307 P fiedpBhid befng it teled Viawely s
(nSF RS EAAATLES, lesthifly PsCHL IBET IRy il SHEP Ridtar
| NbhRRGO, 86tabRSspdutell Beathavhgy SO& hdtitleQ@itculHiRdn is easily
cylinder 12, deflectors 20 and tubul ar baffles 30 may
be forautel infthe feaction zopé of eady flpmstiedicn stagk 25.ai Alsesthe

steel s such as "SUS 304" and "SUS 316L". As used
hefrglg of imligation foiOsof the sutstlan baffls S0Ip&FIGF 2.cat.j tha angle

(PR RS siifaree p5iiRE W L3t ab i he Harirgnal, is
CERRALI RASCHR el drebole’ RE oy R TELEE: Bsthe
As wath@Vthe N cflifdel: 120 ofrd i&g&@gmclgﬁtﬁoﬁe%})% more

nozzle 40 i s provided at the™bottomo he cyli nder
12prederdblyeat deass tld migle ofipepose and t keaftetle toglehat Wineh o

221@%&2 C@)lf ;Jggi_%{eslczanbge Vc\:%%/np?étegl ldiisgl(learlégg g?gvoilta?ionally. In
this way, smooth downward movement of the polyolefin particles is
achieved.

[0037] Although a spouted bed can be formed even using a flat plate
with a gas inlet orifice formed therein instead of a tubular baffle 30, a
region where particles do not fluidize will arise on such a flat plate near
the inside surface of the cylinder 12. As a result, due to poor heat
removal in this region, the particles may fuse together into masses. To
avoid such a situation, it is thus desirable for the tubular baffles 30 to
have an angle of inclination a30 which, as noted above, is at least a

given angle.

[0038] It is preferable for the deflectors 20 in FIG. 2 to have an angle of
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[0042] A gas discharge nozzle 61 is provided at the
top of the cylinder 12. Gas which has risen up through
the cylinder 12 is discharged to the exterior through
a line L40, and gas-entrained particles are renoved
25by an optionally provided cyclone 62. The gas is
then successively introduced via a line L31 to a
circulating gas conpressor 64 and a first heat
exchanger 65. After the gas introduced to the first

h : 65 d h i
fo helfiefibd B .02 R Rt EATCATd 8 SAFHS Subadg r e
i nidefleétoe20.38d the HokiPstal WHigE KCAtQEad: ohd T@@l@ mﬁgseffor

the cylinder 12. In addifion to the ol efi I nonorer gas
f epalyofefiro zxirécle, présent withirhahgecyligdat 2 Nokn $HR Wy,
whi ch i s capabl e of discharging polyolefin particles
at PPH®lefi particiesaeano be adequatekynprengntad sfoornestioking the the
at tﬁetbot om of the cylinder 12. Al so, to reduce the
angﬁ T8 Powder remai ni ng inside the nmultistage gas

ph j ' or. 10A at.the en f reactor
o L0 & Ve Pasiet FAE i, GEle 5 1005, o PEIPIS0
me et aboutt o anTy t QwWn) At
a positi délﬁ j\l\?ﬁi t?h oégbn'ot T.h%gﬂegg’eﬁ%a?‘ha%&“ﬁ#@
t herettmith prefefabiyhat least s5eler 12. [0043] In the present
enbodi ment, first circulating nmeans 90A i s conposed of
t hEOO40bvicherdeflectons 20 gnd tulhwlehbafiles 30zz¢ eadhlattdched td-4i,
L31, circulating gas conpressor 64,

| o i ,
Fi}lgﬁé‘%@sﬁ%ﬂm I@&%ﬁ)&*ﬁt(ﬂotﬁhcém aniger supports have salostanitally

ol 3 r.g feedi ng nozzl.e.40, |f cessary, the
oy onEUBRE o0 Bl SISyt BRAGISTR flow, adher Ryliadeent2

{ Meeitdcl6ry| 70 A BSIaF WINES 30"l BDhddieof 51 NRRe,

exchanger 65 are arra e”reversed.

pl carbbn steehf anglastaidiess Rklesitdza €SU$B0aP anar]UISIon
a portion 20 of the cylinder 12 facing the outside

sunp seed bgrein, 'SUSP aefebuford staBless Spedifitatiad styndaadizel oyn

in FIG 1, gas.qi charge nozzles 60 are provided on a

pg{aPF%‘??eéF Y5ida c@ﬁm&?&% (19).1 d¢ isprefarablete vhel6SEB3EES

of lar.baffle 30.fromthe top; i.e , at

© b a REBANE AR p G Sortonive, fBrplent s e rh bilgiesn

ch§@ﬁg§gﬁkﬁ9éyhg§b@Qmﬂ?g%&gnnected via a line 25L41 to
66. 4

a condensing unit ] The condensing unit 66

hd8041s AsshdwhdaFIex thanglefinGhdndhéchs f i
gases fed fromthe line L41, and a r%?ef%g?gggéﬁEQ%%%h

hareided githe bottaie of dhe cylitydendy?, ahd ighbadsis rodéfiromonbhfer

66 nay be given a construction which

35 35030 e axtomn of g ckfinders 2dsomayobe linehafgad a

Ssﬁpﬁ%§$§gsgpn3|ng gases, such as a nultitubular
[0042] A gas discharge nozzle 61 is provided at the top of the cylinder
12. Gas which has risen up through the cylinder 12 is discharged to
the exterior through a line L40, and gas-entrained particles are removed

by an optionally provided cyclone 62. The gas is then successively

- introduced via a line L31 to a circulating gas compressor 64 and a first
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Sheat exchanger, and is provided at the bottomw th a
reservoir 66b for condensed |liquid.Here, the olefin
nonomner - cont ai ni ng gas transferred through line L41 is
fed between the second heat exchanger Ma and the
reservoir 66b, and the gas flows toward the top of the
second heat exchanger 66a. The top of the second heat
exchanger 66a 10 and the line L31 are connected
together via a line L42. In addition, a coolant feed

[ [ j 8

| iRal BRa0gn 50 ARG 4l SO RS thsPlf cxphanger
cyl65rigarbeda cabled tbasdeprehaeid dbsﬁﬁ&%naeﬂageg iz H{tﬁﬁﬂb&g
nozzl e 50 which feeds the condensate held in t e

r esé? adine Bdbirtodine 130, anidstharbyhecystéd bslthe Battdrmlo? the

ive ol ymeri zation stage 25. Specifically, as shown
ign Cﬁﬂtﬁq_f f/Qa | Incadditiontaytheeplefin manoseerigas feading adzzle 40,

i i £ f 1 nd tubylar baffle 30
i Rasp hopdly. ek Shapes aéﬁﬁlg orsabs o dishang
. ndensate (liqu .

ol SPPITEL BRicRE of T o B P QPGP Buv S0 b grcaz@%
0 at thedsvttoas f se [ t n
it o parsorthe Hlinger [23°AKS) fofilied the AP BpRe"
r egermeieihgimsidetthe tnuliistugd Eadplelse hoymaiameh rbaker 5614\ at
the reservoir 66b is connected to l'ine L20. [0047] In
t hile sRdefi magtor eperation,citr isupweféerablentn pso¥dd drs interior

GOMRRRES 1Bthe ool AR VeIt ot gaet mvns"“f'”)?&g?;%'n?oi
« Ly : dql i qui di nozzl e
b oict s e indBiER. 9k 3A6 Aot bETomIVH B Eainder 12.

WhEDOA3T I8 the present embodiment, first circulating means 90A is

composed of the above-mentioned gas discharge nozzle 61, line 140,
cyclone 62, line L31, circulating gas compressor 64, line .35, first heat
exchanger 65, line L30 and olefin monomer gas feeding nozzle 40. If
necessary, the cyclone 62 may be omitted. Also, the order in which the
circulating gas compressor 64 and the first heat exchanger 65 are
arranged may be reversed.

[0044] A plurality of gas discharge nozzles 60 are provided on a portion
of the cylinder 12 facing the outside surface of a tubular baffle 30,
Specifically, as shown in FIG. 1, gas discharge nozzles 60 are provided
on a portion of the cylinder 12 facing the outside surface of the second
tubular baffle 30 from the top; i.e., at the third polymerization stage
from the top. The gas discharge nozzles 60 are connected via a line
L41 to a condensing unit 66.

[0045] The condensing unit 66 has a second heat exchanger 66a which
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head pressure of the condensate held in the reservoir
66b is sufficiently high, i.e., the liquid level in
the reservoir 66b is at a position which is
sufficiently higher than the liquid feeding nozzle 50.
Accordingly, it is desirable for the second heat
exchanger 66a to be situated at a higher 5 position
than the liquid feeding nozzle 50. This allows the
liquid | evel of the condensate in the reservoir 66b to

be &pleted :%gksti@g 'f*&rﬁ ¢hd hflﬁ 1911 560 ??seps%ég@? ?@ﬂ%}f hglds

enabling t nee or or € requisite ca
purtigus@ cbﬁdéﬂl@até.enged'a 0P @Utration  thecod e&m% i
circul ati ng nmeans OB,yheat i's renoved ?r orln Hglt 6f0may

gadei givewdwosstriction whichse peovddédat thexopavides sé@mdvidat
line 141 until_ some of the ol efin gas condenses, and

t hEXE h$80 dorieopdengingreasasl sush sis er mailtitbilde cylredrical
reservoir 66b. The stor.gd condensate is fed throu

h
t heReph ERADanEeTe and ds REpvifed sbthehastom wvith ageserveir 6Rb for
| fis h hyd . Wwhi ch
do “ehdeed | HATED2Fidke, DRRCCARER) HonoHeheStaning, gas
t hera@kfepletiahioi@hdase LOIRE ?%'iﬁgétggéén%r.ﬁg sl li(@a%%x&%ger

gas di scharged by the cyc e anoun

cobbermmi thet testrvotr 66b,TRAU ithe 1gas A9 RGwWARRtheL¥H 8P IR
66a is set as the amount of condensate required'to

maiseraaidrheat grehangerbfrer alhe toprafithe secdrtd eat brcleiigbn 66
12, .h t of di har.ged_ f th

& 2nf e, ine 5 3T0%s5 soanesded toscdipiivie edinsyLabe. medditonta
h lys i t 66 b
TR e

gefRy RtbAdhédtiexch kB4 condensate feed rate. In FIG
1, the liquid feed™mozzle 50 is disposed near the gas

i n[@04631THe cglindert h2 415 Hasr proaidede tidPeor aWaYSTd. fddtng
liquid feed nozzle 50 is not" limted to such'a

poBPzale $0awhichsfeeds ithe condersatedhalddnettie rEssrveix 66d fom
near gwe ottaom end of .a deflector 20. The |liquid feed
no99siles ‘?sc)g‘f‘%%ér a8 ynier i gi¥en | polymeriggtion ktage ngsSa

o pSbediRAZaNE L0 Shovn 5 K35 e Tialie st o S5 fisposed
C OREHRCthe Grak Gnidt BASicE I0Tthe @gicfl‘glr ﬁ%lg;z? F@@%%O\gﬂé&hthie op,

hi gher than the topnost tu

pol.gplatfther secaprll polheGizafioh atdpeN FofiP ki t(gﬁrstd &4 %ﬁ s?ilay

an ol efin polynerization catalyst are fed throug IS

| i pradegsate (ligwidt dpfink tovpardyarepowtat Tais HiwidefedGing [R5

Agf tdi r}‘%léy, in the present enmbodinment, a

p @hse‘fq £led to dhe pesrmain ook & thegpndensing nwit G by arline
rizati or 5 and | tistage, gas_phase

ok I B P iR e FEhigebacsiat OF Hdoaned olefn

monomer held in the reservoir 66b is connected to line 1.20.

[0047] In this embodiment, second circulating means 90B is composed
of the above-mentioned gas discharge nozzles 60, line 41, second heat
exchanger 66a, reservoir 66b, line 1.20, pump 52 and liquid feeding

nozzle 50. The pump 52 is not necessarily essential in cases where the
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10 way, the olefin prepolynerization reactor 5 effects
the polynerization and growth of polyolefin particles,
creating relatively large polyolefin particles having
a particle size of preferably at | east 500 gm nore
preferably at |east 700 pm and even nore preferably
at least 850 jam thereby enabling the fornation of a
nore stable spouted bed. 15 However, it is also _
possi bl e to have the polynerization step be one which
d0gfeal Predsiie st ddRdOGEd RelR"if Qﬂéhif o8 LBRGEy
5 and uses only one reactor. I'n this case, an ol'efl
pollygieriie athediqudatievel $h the radeRRAY B6B 4 &4 E@ﬁti%ﬁ‘tvﬂﬁim s
is fed directly to the multistage gas phase _
polsyffinientht higher thaottbe 1iq0id, feedidg alogtlers 0po | Averdidgllyl Rhs
IS ca,rrie(i_'ot. 20 Alternatively, one or nore i
adgesiraila) Oh‘th@( sepong diegh sxglinager 62 yorbeisituniedrat a higher

. : . 0 5
or B o et s Hrdine noBa R0, T This f&v'vsi%@h&%‘fdl%&,el
' . to.t | ti.sta as

o biime FORUGEER B BRI Rir b, 0] Yot hiEhGEatl The TEEES
: P O : <
DL Perare: AR, B Atk Uiy REUIRIE chRR Ry Y%

ol phinp, Shtol heotediiced. cat al yst and ot her substances used

-in_such an olefin polynerization reaction unit are

de£e48)da. thjsowsond eirculating inedans 998, heet iszammioved frforrtl r1-.]he
[ [ t rocess o e
| et iRErice 5% el seeopd el ereheen a6y s Tnsllet an
' - t .is,carri
oS O£ T olen'Td b ReX Tiid s o btiplecigecahan and s
( hSRRDINTERY thealeb@RoR' 660 P N EbARL B hsatd X

I f
ol efins that nmay be used in this invention i nfﬁautg%()l?gh
et thel diqaid feedingenezzld-S0utiane a boBeRéreAtion4staBs Y.~ 1f

- pentene, 5-nethyl-|-hexene, 1-hexene, 1-hep ene and
1- BRACSPAYY, (29983 SsuChe apr hydrogenf whidks edw| miti condange bare
usﬁgr'odﬁlcctx? {'{]aaltirilev f|4¥’inttoh§1e circulating gas compressor 64 together
with the gas discharged by the cyclone 62. The amount of condensate
that is formed in the second heat exchanger 66a is set as the amount of
condensate required to maintain a given temperature range within the
cylinder 12, and the amount of gas discharged from the gas discharge
nozzle 60 is regulated by the amount of heat removal in the second heat
exchanger 66a or by valves and the like to an amount suitable for
generating this required condensate feed rate. In FIG. 1, the liquid feed
nozzle 50 is disposed near the gas inlet orifice of the tubular baffle 30.
However, the liquid feed nozzle 50 is not limited to such a position and

may instead be disposed, for example, near the bottom end of a

deflector 20. The liquid feed nozzle 50 is preferably provided in a
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10 ol efin used may be changed in each polynerization
step. In cases where polynerization is carried out as
a multistage process, a different olefin my be used
in each stage. Wien two or nore olefins are used,
exanpl es of suitable olefin conbinations that may be
enpl oyed i ncl ude propyl ene/ et hyl ene,
propyl ene/ | - but ene, propyl ene/ et hyl ene/ 1- but ene, 15
et hyl ene/ | - but ene, ethyl ene/l - hexene and

t ; = . Ltd | ef.nB, it i I

oo ARl 00 o RPN g B s i
I ngs fsthRAf S such as dienes. [0054] A efin polyners
(honopol yners, copol yners) such as propyl ene

ho o9 yimeadalitiqa, eplihe L6/ ie cbihesied €08 ?o&ﬂiéhson the cylinder
prggyl ene/l - 20 butene copol yners an
pr

yWaieh/istigherrthan the topmest dupuley baffte 86y arid: polyolefin
advg&t eousl.y, pr ool}%ced in the present invention. The
ofPAnBIZ$9lK patigles of ashelslinapplppeniaations catglyst

it Y s bt ik £ ot 2o l@?ﬁ@?@pﬁs';%e’?s?{*ﬁ A
i e .1 i =) F .
T AGTES YRR o s

mukwhict ages peby rRatesy 6leghi Hr ¥ABAtdY ESaGE Y AE

type of olefin to an olefin prepol ynerization reactor
5 andtistagengas phasegwlymerizdtiamerepcioy IMOA, 2@ hilisvéd adinCthis
10A so_as tqQ form honopol ymer particles, or

cop@vy ther ‘Plfgﬂ Preprlymerigetion egacionvg eiffeatssting| polymenizationf

BBl o AR BSOS
ARl i 4R Rle RO bredebll ol rdol R e gpore
ol piefferablyeRALATEIV0Z @ aAd 698 ire referablik td-3t 896 éﬁﬁ‘,s

phase polynerization reactor 10A "This results In
nathetebyr epbling ethtel rformatidr i dilitd omoten sthislemabbiited aBed.
ggﬁ phase ,PQI ynerization reactor 10A, neking it easy
t oHOBRVEly dt 38 Rlseepossiipdei haventhie pelyimerization rstaphbe one

po] r,l0particles,, This apprqach s _especially
o PR 4Rt indudk ol SPes e Eion fepetss)s dnd uses
I po sihGl yde ..
) ROKSUEID O TR BEL U5t potymeriaton cattyt
prepolymerization catalyst is fed directly to the multistage gas phase

polymerization reactor 10A, and olefin polymerization is carried out.
Alternatively, one or more additional multistage gas phase
polymerization reactor, such as an olefin prepolymerization reactor 5 or
a multistage gas phase polymerization reactor 10A, may be provided
subsequent to the multistage gas phase polymerization reactor 10A so as
to achieve a polymerization step which uses three or more reactors.
[0051] Olefin, Polyolefin and Catalyst

Next, the olefin, polyolefin, catalyst and other substances used
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propyl ene- propyl ene/ et hyl ene- propyl ene/ et hyl enepol yner
s, 15 propyl ene/ et hyl ene- propyl ene/ et hyl ene pol yners
and propyl ene- propyl ene/ et hyl ene/ | - but ene pol ymners.
Here, a dash ("-") indicates the boundary between

pol yners, and a slash ("P') indicates that two or nore
ol efins are copolynerized within the polyner. O

t hese, the production of multistage-pol ynerized

propyl ene-based 20 copol ynmers which are polyners

hawi J- ~cal | ed
B A TR AP o i s RGeS
cu 'Thl Yhe ablefil PBBIEE e ClanfoRRYY i
angm(?a%q crystalli ng %ﬁ%py@gﬁg- giagggﬁpmm@?hsggf@ﬁﬁg
angraduotipi quecgssopf) Itkn dnbasion, polyotefinSeaM®Mfn pofymer
preferred. A multistage 25pol yneri zed propyl ene-based
cofiefindiomonelmen ralghn edpolymen:-productinmiss camikd i autt drye
pol.ynerization, in.any order, of crystalline _
BPPMSIAAIER Of Ryige AT smgre Péﬁi%brﬁl@@ﬁﬁpb'mnzatmn or

R s T R S R S
cTRAien R RV ICAEmIOpSIEnE DYuRAS: L eapbe et 1

et pgitems; Ssmethylh 1icxRYE ENBexdre, 1 IRpRMBRAAGCoGREnd. e
r_eéggct ive polymers. Such a copol yner has an intrinsic
Vi

3] tQne asmesasfirtbese olefin® n¥ytbe used.  Alternatively, the
tetrahydronapht hal ene at ([ 135C, which is_preferably in
plefigeussd mag,be changed) g egrh grolymeszatian siepagn cases

a

' I - baged | yner h ||
hob e EheREaRY ROEHES Sun6° R niletacs et diferen
Gty 66 BRI 2 BN, | | RUL A8 ok W BRI b e,

paetengplagof QiitableeleSinsoribinstisrittat AR Bef oﬁ&?ﬁﬁﬁid%g
cont ai ners. [ 0056] Moreover, in the present
enprogyleasfethylenchr proghytertefiebutehec yrapylese/gihlylene/1-butene,
dg%gr'b‘l;/ion of the olefin polyner, the ol efin polyner
1 )ﬁllﬁa drivudenss o gtfedens/ h-hezepee c and e effuileneét-ogteneon” In
st .y b iven. di.f ferent, npl ecul ar wei ght.,s.. The

or BeBtiot Yo, Olstitso B e calse @oSsibleato: uhed e it s atinps
ol & o!&rﬁ&ljé/ff@ié_ii&ﬁgkﬂ&l g{eg mol ecul ar wei ght

di stri'buti on.” For exanple, € intrinsic viscosity

of0ab A O1én MpRyherREe n(h@ﬁoﬁtﬂ%efégedco%g%eﬁsﬂ shff  as

pol ymer conponent obtainedin” 20°the nmeri zation

stgppyleae hpmogalyesers heropy phe/thylercecupolymes) ylene/1-
pgalyrrer conmponent is in a range of preferably fromO0.5
t PUENS aPpQjymesy angrrepeylepeietiens/ I-butensocapiotymersnohay

even [ ref.erab from2 to 20,dl/g. This intrinsic
vi 3 cg%ngigggus&{ prodiigedsin, fhe preseat inyen 18 i Wg? @roduction
\pgloq?\;/&méfrhfl )Zbg[i{r%énrg g@tbgéghé(d“%& rﬁﬁﬂﬁ?a%% rgol)cf)geglza{]c%% innwi]pc% the

proportions of the monomer units serving as the polymer ingredients

differ in the respective stages is especially preferred. For example, it is
possible to form a multistage-polymerized olefin copolymer by feeding

one type of olefin to an olefin prepolymerization reactor 5 and a
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25t hat produces the | owest nol ecul ar wei ght pol ynmer
conponent. The present invention can advantageously
produce an olefin polyner in which the amount of the
pol ymer conponent obtained in the polynerization step
whi ch produces the highest nol ecul ar wei ght pol yner
conponent accounts for from0.1 to 80 w % of the

ol efin polymer. 5[0057] An ol efin-based bl ock

copol ymer may be formed by a process which does not

us : 11, o) lLzaklon react but
seggﬁfgltsgdggt Eéésoﬁafs ?S{)%'l e eg}glggﬁé)’ga 8&8& g%r F9af§ dp form
I edfeinfdpolifer ' izihot (Rl ;

of cpraipoler Pircle of EfImerithe Bl FSLaR AN it small
cr et byf frthémgleffiamap @bm'@ﬁd@np@dﬁdlﬁhéﬁ paRtididy, @8en
pol ymeri zation 10 stages fromthe top of the
nuife¢dinggin gaubsgment ptaggrewo zatinore tymstaff olkfiA wnthese
feeding two.or nore different olefins to two bottom
powkeng%amelﬁs & gpadditiguaboleéingpalymgrizatiass reactor such as

eral Iy higher

(AR Pleth S fRetisigh, rehclon, hn g Sovisiage” gas phase

pr s 200 er ri .on_stages ..
1o SRS 2R rch B OIS S TRCA ARRORLLSGHES time
hi diveribiitian id hige HoATEStage  gAROpNHYE r}bcﬁ?ﬁl!eﬂﬁaﬁcfrﬁgga%téis egA
to formthe copol ymer. "Here,” one ol efin polymerizatioh
r eakinghitensyt toeanhdevei anfixededrhpositivne tritde withinedblfmer
single olefin circul ates is _conposed of the three
poPgtislies; atlihéh appregel iy cepacially eectivenforanduting mokding)
pol,yaeri zation reaction unit in which a 20gas
coﬂfy'%"?{?rng a plurality of different olefins circul ates

ismﬁ}% the t bot t ol ynerjgation stages.

[0558] e cﬁaéﬁi n polyneri zg&l}gn cat é?é@erﬁsed iﬁ“"ﬁ“‘ée
| NpEIPyléHR— y%e?etﬁ?@ﬁ@ addi ti on polyneri zat i ymers
catalyst used’in olefin polynerization. 111l ust agl ve”

exproplyéene-prpyttmeZiteglens-prypplenetitglart al ysts flymers,
by 25contacting a solid catal yst conponent containing
t | Promylane/ oty eresipuapylene/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
crystalline propylene-based polymer segments and amorphous
propylene-based polymer segments, is preferred. A multistage
polymerized propylene-based copolymer can -be prepared by the

continuous multistage polymerization, in any order, of crystalline
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a hal ogen and an el ectron donor (referred to bel ow as
"catal yst conponent A") with an organoal um num
compound conponent and an el ectron donor conponent;
and netal | ocene-type solid catal ysts prepared by
supporting a netall ocene conpound and a cocat al yst
conponent on a granul ar carrier. Conbinations of these
catal ysts may 5al so be used. [0059] What is conmonly
referred to as a titaniunf magnesi um conposite catal yst

MayhdagopstAstop leﬁ@%@émi%ﬁts%?mtcoéb%%gxﬂeﬁﬂ% Hifined

preparation of a Ziegler-type soll RS
corhyosopalymatizingsd siail dgoetit6ff Aedldhh 60 Wsdd gﬂ:ﬁlene,
titani um conpound, a 10magnesi um conpound and an

el ewith oamapheus s webbeas segraeiits| lcopblygeriz006@onT i eyl
conmpounds that may be used tq prepare catal yst
compaRerte ﬁp‘gr@ Ik epienal iiagredient, anaplefim atberpthan athylene

hayi th | f I i (ORI)aXi.. R |

. oRroRTIsHR 5 Do, pifeSeq o sheashibrus pelviges. nSushe
t t I t i h th 01

%) OprPisy, 1fe, Zh TheBele FIsNE" ot PlatirBh i 2434

{1 tep ! . . . U or L de

tlri hal oge?aa?gd al koaig?ihtgﬁﬂﬁm&?g:%g%ﬁﬁgyggﬁ%a%g& from

et Rolxytoi 1106 gt r i THior inddtistage Molpanytizédnprepylene-based

trichloride; dihalogenated dialkoxytitani um conpounds
su€ppelymer hes 6xgellend heanegistanice,r tigidityrand impact resistance,

di bu(ﬁox titapi um di chl.ori de; 20 nonohal ogenat ed

t r P p?&%ﬁ‘?@ﬁﬁ? USSHIB AERMet v, campprents susly 85 bumpers
ch [ jybut i.tani chl ori.de: a

o %n‘r?é; éﬁé{) 313?:? Eagxﬁlkitl n\?ﬁ(%)&l}g Onﬁéﬁggéfgg Soniginers 308 as retortable

t efdabpdeRyinbticantauerand tetrabutoxy titanium These
titani um conpounds may be used singly or as.

coffif)564 tMorenvef, if tiee presemtrenbdtifmeaf, to 2ed4Rakhe molecular
Magnesi um, caonpounds that may be used to prepare

catvglghit disribeiinmt ofA thee alglinpipolymet, bthenagiafini polymer
coppounds whi ch have a magnesj um carbon bond or a,
m%‘&g?‘aﬁﬂ%yﬁq‘@ﬁ%‘ﬂ ) SERPCSYE RavEnesization Stepg 183y be gjven
: ' whi | ack duci hility.
7| R SR U0 Tt T BissBnfp dtiabonnie n alsh

h aﬂ@aﬁt&f&@@ﬁ;ﬁ Télgpx%ﬁhbiglgyoﬂ:ﬁﬁ 'ﬁrdr)g}grﬁgiis Navid TRI0ES id8Tcular

conmpounds s.ucb as 5 drnethyl nesi um

di weight rdigjribstiom bebeutathﬁﬁlegﬂﬁssimae Qiscosity obtained by
but yl et hyl magnesi um al kyl magnesi um hal i des™ such as
bulbpasEgnest asrdeseribed ahovedbkthegidlpmyrregmpenantiobtained in
co oIL)JI‘ads such as butyl et hoxyma and

al kyl

| Rel3TeEatiom ptan it BodHCeR tha, highest mealeanter weight
YSBIY AR coRFRReAPA RS YHhES BP PRI ol &5 to 100 dvg,

more preferably from 1 to 50 dl/g, and even more preferably from 2 to

20 dl/g. This intrinsic viscosity is at least five times the intrinsic
viscosity of the polymer component obtained in the polymerization step
that produces the lowest molecular weight polymer component. The

present invention can advantageously produce an olefin polymer in
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10reducing ability may al so be used in the formof a
conpl ex conpound wi th an organoal um num conpound.
[0062] Illustrative exanples of magnesi um conpounds

whi ch |ack a reducing ability include dihal ogenated
magnesi um conpounds such as magnesi um di chl ori de;

al koxymagnesi um hal i des such as 15 net hoxynmagnesi um
chl ori de, ethoxynmagnesi um chl ori de and but oxynagnesi um
chl oride; diall coxymagnesi um conpounds such as

di gihaxyiRg %ﬁﬁil%iﬁgw ghdggi %@%3 ndft inBB IR StHAM

car boxyl ates su as g m | aurate and nmagnesi um
st palyaitizaflibe Setep@hRh phoduRep s dhighBitC ndlédiar weight
reducing ability may be 20 conpounds which are

sy pohyasirzemmpaienh eccounta dom fiom Ol & J0hett%nef tfe olefin
cat al yst conponent A preparation, by a known net hod
frBﬁ*Y@%gnesi um conpound having a reducing ability.

c LT3 AR GIgSBeed Flocke FORITEI deny. B dewned Bl & process
el SRl GP AL heSHF Radt iz RlaBtor 20t e PHES

al gg’%ydeg, carlgsgx%/ifl% agﬁ%}@g@?@%s g’f grté)g’n gg cs
| NIt G plfdsE YPotym@izdlioR Ted&or 04 R Bwo regions.

anhydri des;” nitrogen-containing electron donors suc
aslathis vase, adlefin-based bldckscapulythenmeagned advardgtously
organic acid halides. O these el ectron donors, the
useregted hy rfgeming hemapelyolafin partiglesi in tueel podymezagion
ethers | referre Preferred inorganic acid

S 0064
esfl@ges ﬂmpﬁ@etogiqffj theg Emwel& B1843 Phateapelygerization: feactor
fo I i 4, re ' dr qcar bon oup
of 14, BnBERAEE S orl WG offerbd Bichhid; 1520 o6
h e I of Qﬂsl? n
igﬁg nurf%gfrkngJ usc tS 'ha?é%)él%e ﬁgzqgf)i@ Il %@?&?ﬂl&?@gh%&ﬁae
ex forplationiin génedslly highanthealis rdtRnefcopabyim@sformation, it is

tetranmet hoxysi | ane, tetraet hoxysi | aneandt et r abut oxysi | a
nepreferablel fyithe aunolersof polymesizetiomstages used to form the

met hyl t ri net hoxysi | ane, ethyl trinmethoxysi]| ane,
buﬁ?%‘???lﬁﬁnfqg’g‘xygmlﬁﬁé, tog og%t &pghe,r néﬁ%x}g?l denber  of
t- i I ] drethyltriet hoxysid ane

o O HIe B SRS oA o e b BRI e e olefin
IS nerizhdi i s ViHal & 4ol ;
arEo G DA, B AR0ding oy e WeAEH S FHikh o
di smgleybldfinwifalayss isasveaposed of the three polymerization stages

(D

from the top, and another olefin polymerization reaction unit in which a
gas containing a plurality of different olefins circulates is composed of
the two bottom polymerization stages.

[0058] The olefin polymerization catalyst used in the invention may be
a known addition polymerization catalyst used in olefin polymerization.
Hlustrative 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
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15di et hyl di net hoxsi | ane, di but yl di met hoxysi | ane,

di i sobut yl di met hoxysi | ane, di -t - butyl di net hoxysi | ane,
but yl met hyl di met hoxysi | ane, but yl et hyl di met hoxysi | ane, t
- but yl nmet hyl di met hoxysi | ane, di net hyl di et hoxysi | ane,
di et hyl di et hoxysi | ane, di butyl di et hoxysil ane,

di i sobut yl di et hoxysi | ane,

20di -t - but yl di et hoxysi | ane, but yl net hyl di et hoxysi | ane,
but yl et hyl di et hoxysi | ane and

t- eV j : [
acic HOER T Pt S e Gl S B A
carelemohi dodet de@nbenidnt; Saeh Metaflobdftatype GaLAO¥YHfalysts
acid esters, alicyclic carboxylic acid esters and

ar prepared dor lsoppdriing asi mie@Hestrer sompoundt 4mal iav €ocatalyst
exanpl es include nmethyl acetate, ethyl acetate, nethyl
pr 6pIpREERL Ored BraAnularsItiRTat €onghingtionsunfitheseecataly sty may

val erat e nmet hyl acrylate, ethyl acrylate, nethyl
rrelaﬁsgwsﬁfl'e, ethyl benzoate, butyl benzoate, nethyl

oo (O Wik B, Rdted SRLOR 1 fefiyHmagnesium
di RafnpbsifRtAIRSE mad BELEN ad"BAMERSE cotlpBiint| A TGt in

di ethyl i1taconate, "di butyl 1tacoOnate,
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.
[0060] Titanium compounds that may be used to prepare catalyst
component A are exemplified by titanium compounds having the
general formula Ti(OR'),X,., (where R' is a hydrocarbon group of 1 to
20 carbons, X is a halogen atom, and the letter a is a number such that 0
< a £ 4). [Illustrative examples include tetrahalogenated titanium
compounds such as titanium tetrachloride; trihalogenated
alkoxytitanium compounds such as ethoxytitanium trichloride and
. butoxytitanium trichloride; dihalogenated dialkoxytitanium compounds
such as diethoxytitanium dichloride and dibutoxytitanium dichloride;
monohalogenated ‘trialkoxytitanium compounds such  as
triethoxytitanium chloride and tributoxytitanium chloride; .and
tetraalkoxytitanium compounds such as tetraethoxytitanium and
tetrabutoxytitanium. These titanium compounds may be used singly or
as combinations of two or more thereof.
[0061] Magnesium compounds that may be used to prepare catalyst

component A are exemplified by magnesium compounds which have a
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5 diethyl phthalate, di-n-butyl phthal ate and

di i sobutyl phthalate. Preferred exanples include
unsaturated aliphatic carboxylic acid esters such as
nmet hacrylic acid esters, and phthalic acid esters and
mal ei c acid esters. Phthalic acid diesters are nore
preferred. [0066] Illustrative exanples of ethers

i ncl ude di al kyl ethers such as 10di et hyl ether,

di butyl ether, diisobutyl ether, dianyl ether,

o RERARN im0 ¢ i dTpulEh o B e o
PRt Oy, ot ElprSPar ORROIHS FHICH tadd N fcing

moabiityndllpetrytivenetdnalas of arrhaptekiuen 36inPothads Hhfkch aveh
as aliphatic carboxylic acid 15halides, alicyclic
caaboecf})lcmg abilityhandlodes diallytmagresiom cemhpm;dldsc sach chs
hal jdes. Illustrative exanples include acetyl .
chFIBthEl,m%ﬂn@ﬁluBhyl disthyimagaesipm yr dibugrmsghesium  and

enpEn ity ety afbihegtesiis Ihl‘éiéig?se%wﬁgsi ?:%E.ﬁésavrl
) _ _ ;
cnPaeHS SRy Mo m T F3bindlog)) el G

Pr ¢ ;| NEAd A Q131 A ds ar}g%idekc hd as
chIB{cl)t(r?":1 des ‘suc gigﬁ%enézl%d;l cl%?o?fﬁge%ol oyl chl%relllde
antutyhhagdesiim chydridede. TRisehadagyésiofl @oingeunds having a
especially preferred. [0068] Exanples of methods for
pr Egsieingabilityamay talsoobgp usrshin theiforminfe comples! dompangd

i .liquid i d,
cotbeR SRR SOREUAL: um conpound and an-
el RiiR9 MEQRR e é&a&ﬁbl@s %?%E&e%ﬁ'ﬁﬁ "Bmpounds which lack a

reducing ability include dihalogenated magnesium compounds such as

magnesium  dichloride; alkoxymagnesium  halides such as
methoxymagnesium  chloride, ethoxymagnesium chloride and
butoxymagnesium chloride; dialkoxymagnesium compounds such as
diethoxymagnesium and dibutoxymagnesium; and magnesium
carboxylates such as magnesium laurate and magnesium stearate.
These magnesium compounds which lack a reducing ability may be
compounds which are synthesized, either in advance or at the time of
catalyst component A preparation, by a known method from a
magnesium compound having a reducing ability.

[0063] Electron donors that may be used to prepare catalyst component
A include oxygen-containing electron donors such as alcohols, phenols,
ketones, aldehydes, carboxylic acids, esters of organic or inorganic

acids, ethers, acid amides and acid anhydrides; nitrogen-containing
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agent, then treating with a titani um conpound or with
a titani um conpound and an el ectron donor. (2)

Treating a solid magnesi um conpound, or a conpl ex

conmpound of a solid nmagnesi um conpound and an el ectron
donor, with a titanium 5conpound or with a titanium
conpound and an el ectron donor. (3) Reacting a liquid
magnesi um conmpound with a liquid titani um conpound in
the presence of an el ectron donor, and inducing the

P, oo tdiBfk hesfibnld, RTLHEAIR dit iscypnbfed; and
melopathié hrid halldear b}(@s@efe\é&oﬁﬁ ddhois Lﬁh& 33k WP inorganic

compound, or wth an electron donor and a titaniu

compilesters, drRaniéaokddsteds hnd eihiefsis prefotred product

obt ai ned by reducing an al koxytitani um conpound W th
an [0 yeteyresks iinongaviep @i esterh meluleGsilgoar dompagrds
in,the presence of an organgsidicon co und 15havi ng
. Bavipebibe Eemeral domnals RoH Ol Jes CBhore R LAy ceparbon
et C U and titaniymtetrachloride. 6) A
rerow S A8 £aBouk pr A By tiResB At G5 R nabisirorahot erepm,
ti [ d_.\ 0 ' ound._i

t G i BUAG RERHS b b REePhOS IO HRBRES IR R A<
Or Yhispsitive COrexaife Nd ifdledan esttlkodYsHAROUNGhchS  as
treated by adding, in order, a mxturé of an ether
cotgtmathenydilane,ani detraethoxysilame i deand ol | teteblutbyysilane;

organic acid halide conpound, and the treated solid is
suBﬁ%’&@éﬁﬂxysﬂqﬂéét ed Wuch a nidd ure ofethyltrimetboxysilane,

CoONROUN d ti.taniu etrachloride.or, a . mxture Qf an
ot ROVHE it il e Birardiartss ionbefiiieiggyiant,
cof ﬁié’l‘ﬁnn : t 10 i qh. p .he
co{thBa t ca%%’é)sslﬂé‘n%fe_ g&@lg}e‘%é(! lelgllﬂegi hé@?g@%ﬁn@%}&ﬁm,
mapiskiiethoxsilaheh Gy ItEARSRsTLAY afll GONRY1tisthoxysilane;
and dialkyldialkoxysilanes such as dimethyldimethoxysilane,

O

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

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

[0065] Preferred organic acid esters include monofunctional and
polyfunctional carboxylic acid esters, such as aliphatic carboxylic acid
esters, alicyclic carboxylic acid esters and aromatic carboxylic acid
esters. Illustrative examples include methyl acetate, ethyl acetate,

methyl propionate, ethyl propionate, ethyl butyrate, ethyl valerate,
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contacted wth an el ectron donor and a titanium
conpound, either followng treatnent with a

hal ogenati ng agent or w thout such treatnent. (8) A
met hod i n which a nagnesi um conpound such as the
magnesium 5 salt of an organic acid or an

al koxymagnesiumis contacted with an el ectron donor
and a titanium conpound, either follow ng treatnent
W|th a hal ogenating agent or w thout such treatnent.

( ety eIt Mo FRINRE, fShR) el th Ry, S lREIAGE,
anb BinlzGatBy ShARFN I%lﬁatelcétlﬂ OfsHhaté e EH(}"P ﬁ@éﬁ‘f@ d1ethy1

ds for preparing cat al yst conponen

(1§udctna(t<§) dithetypr fceinaty . didilggle malbhads dibu@l eﬁ@l@iarc@n
are generally all carried out in an i nert gas

at qujh}elr maleate; Wibistyhimtalesge; ndiethyh itgoonatd, aﬁmyl itacartate,
t f catal yst t A the tit 15

c Lﬁx’é Phhetacadin-botylc HBTIE and dleebutybsbiBate.
o reReF %ﬂe §%‘$@éﬁ? siﬁﬁ}lﬁ%@ﬁ%%?ﬁ%ﬁéo i Féérbaxyiéf”a%hf) estlrs®
Soé rﬁsﬁﬁéﬂﬂﬁk @ Qéféijs &Wﬁ?@ﬁaﬂ%ﬁe%m fhaleic acid

hexan epta ane an ecane; aromat

hygkt@gar Pﬁﬂﬁth&la@fd @ést&ﬁ'eﬁ'@ﬁﬁn@@ﬁbﬁﬁé@ne alicyclic
hydr ocar bons such as cycl ohexane, 20net hyl cycl ohexane

anf0066¢ dllustrativedesaniyes of ngtben dinckide hdiakkyt iedielny Isuch as
et her, dibuty] ether, dijsoamyl ether and

dlueemgl chthery dibutyl ey fiisebutyleether plinmyl thes dnsoamyl
s@ﬁ" ey, dbet wedF sRoRsl Abel i el Bohe k‘fs%h
Riblod oldnfiles BRI G601 plfe fd (R ARCHRL™ ©

gfoamnustﬁmm exa{chpm df%m@%ldrﬁm@dd@rlﬁa@ﬂé%dhd‘ ol

to +35C. The dropwi se addition tinme for
or palyfimetionsli aanb@qrmcamﬂ halwlasl suchods diphptc baﬂboxya]mg acid

particular limtation, %Pnerall(i: from about 30
ni palides, alécwbmaﬂmyw@mcs bresoendh gramestis earbexylis agide

ng i on subs ue.nt reactio be carried
ocalifess ¢ Bfislrtye, aioirs omehke; geashotionde,  pldpionsi
chloride, butyryl chloride, valeroyl chloride, acryloyl chloride,

methacryloyl chloride, benzoyl chloride, toluoyl chloride, anisoyl
chloride, succinyl chloride, malonyl chloride, maleyl chloride, itaconyl
chloride and phthaloyl chloride. Preferred examples include aromatic
carboxylic acid chlorides such as benzoyl chloride, toluoyl chloride and
phthaloyl chloride. Phthaloyl chloride is especially preferred.

[0068] Examples of methods for preparing catalyst component A
include the following.

(1) Reacting a liquid magnesium compound, or a complex compound of

a magnesium compound and an electron donor, with a precipitating
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5[0072] In the preparation of catalyst conponent A,
the reducing reaction may be carried out in the
presence of a porous material such as an inorganic
oxi de or an organic polymer so as to allow the solid
product to inpregnate into the porous material. Such
porous materials preferably have a pore volune at a
pore radius of from20 to 200 nm of 10 at |east 0.3
nal /g and an average particle size of from5 to 300

um : BOLOHS i [ I ' d Lk
A S5 \Be 3R o HORARH CuphiRE ohoRidl € Ragttm
Ex 20l pdenafand ah @Usctidl domer.s | ncl ude pol ystyrene- based
porous pol yners such as pol ystyrene and

st 2 pheeating iarsplid enzesivap pahpomrids or paoymriey tamhpolrakea
porous 15 polyners such as_polyethyl acrylate, methyl

ac ﬁglidt r@laamsitmy LI cqmmmldea@d)ﬁ@l 91¢;§trgr,1 dc;;zqoy,nlwéﬂiya titanium
g%&%@fﬂ?xﬁ B BEpI CPRPGHIR M 6 SR THRIPRBE < uch
andBD Bkl Toud S ERERET chAipciB b IRR B

Al 283 dsﬁyﬂ%“?fe%ﬁgé oMy REEARY d‘éﬁ&?'éﬁﬂe'ilgdlﬁhfg the

preferred [ 007 e organoal um num conpoun

coppesipititiorsetth salid tanmepanplexpn of a Ziegler solid
cat al %st has at | east one al um num carbon bond on the

mol(é) busherideating the peactidnyproduet obteinefl in method I(bi(A) or
general] fornpulas. 25R4. A1Y3, RS5R6A1-0-AlR71t8_ In the
abgg abQye iithsa tifaniyry qempguads S anéi%ﬂ@@ndmméa
ha:gi ng. from 1(H"tn§T8 carbons, and Y is a hal ogen atom

hy ﬂ‘%‘g‘éﬁ‘%cfn% koxy group. R4 to R8 may each be the
sa o) ' rent, AL so, e r .S qa s SuU

thap) 38 ethof BTSSR soe pkéthicE | obfhiadd 2 HERRKing A

or gangtituhivit o el witlc ipaRadinapheditecompound such as
triallcylalumnunms such as triethylal um numand

t riai Solgmayd abagentuim thei présepdenlafnam worginyailicbas cempbund

di et hyl al unj num hydri de and dii sobutyl al um nu
gl.am@; ag g]hb @m Brisatednithgen ssieh caglpoumrf an ether

di et hyl al ym n chlqride.and 10 diisobutyl al um num
chI*8PgLn § Bifcium dptrachigrt S-kyl al unmi umwith &

tr el By e e, R I o e R R deing 2 imgium
al lephiploun®Xsitte an Bigdhoisagnebinae tompelad e presamd of an
tetrabutyl di al unoxane. t hese organoal um num
compganoddicon heomysmindf om ahr éorghhgdii¢amiconppuad randt arr ester

150f a triallrylalumnumw th a djal kyl al um num
halcpawound igntreated by adding, in order, a” mixture of an ether

compound and titanium tetrachloride, followed by an organic acid
halide compound, and the treated solid is subsequently treated with a
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
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al I cyl al unoxane is preferred. The use of
triethylalum num triisobutylalumnum a m xture of
triethylalum num and di et hyl al um num chl ori de, or
tetraet hyl di al unoxane is nore preferred. [0075]
Exanpl es of the electron donor conponent used in the
20 preparation of a Ziegler solid catal yst include the
foll owi ng commonly used el ectron donors:
oxygen-cont ai ni ng el ectron donors such as al cohol s,

Phegbdted “GIANET QTN UARS: AAE' 2 Unkhiufy Abhibbunl Sither
esters of organic or Inorganic acids, ethers, "ac
anksiesviapd t@aiser@N RV | Qeﬁélogéﬁiatfﬂgt (4286t RifHduk NBuch
el ectron donors such as anmmonia, am nes, nitriles
25gnatmeswcyanates. O these el ectron donor conponents,
inorganic acid esters and ethers are preferred. ]

[ 0(8)6A nrethod i wihidhna mpgnesiuacéampeinst suchras| thel enagnksioon
conpounds of the general fornmula ROSI (OR19)4.,, (where
RoSAlt 03 a5y BFEsRicr B o 8 pliepxymagpesign: ay sepiacied with an

CAPlsERE Bna¥iand 7 iy ChRoTod. Pt BlisWing stdpytient
5i Wb%@%‘g %gbﬁégg%lgﬁra‘ﬁg}}%]ﬁtsy I%Ff?r%ltl?gxysi | ane, tert-b

ut §9)-Treating the com]i)ound obtained in an¥ of methods (1) to (8) above
propyl di met hoxysi'l ane, di cycl opent yl di met hoxysi | aneand

cy withreehalbgdrty vl el ogenivoxysivingd oz an[adomatic Rydfoearbed.
ethers_include_ diallcyl ethers, and diether conpounds
of [068] §ein Eheniabpye metory foR preparing{Fatatyst]comporprt /A,

.1OIF§1e 2ods (1) to (6) are preferred. These methods of preparation are

generally all carried out in an inert gas atmosphere, such as nitrogen or
_argon.

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

[0071] In the preparation of catalyst component A, the temperature of
the reducing reaction which uses an organomagnesium compound is
generally from -50 to +70°C. From the standpoint of catalyst activity
and cost, the temperature is preferably from -30 to +50°C, and more
preferably from -25 to +35°C. The dropwise addition time for the
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In the above fornmula, RH to R14 are each independently
a linear or branched al kyl, alicyclic hydrocarbon,

aryl or aral kyl group of 1 to 20 carbons, although RH
or 1e2 may be a hydrogen atom Il lustrative exanples

i ncl ude di butyl ether, dianyl ether,
2,2-diisobutyl-1, 3- 15di net hoxypropane and

2,2-dicycl opentyl-1, 3-di met hoxypropane. [0078] O

t hese el ectron donor conponents, an organosilicon

copuRiRaEnR, A ang CNl: Sodt DRSS % v

of linitatict) iSasdepaly ol &outhso gggxggééofé Hout 12 hours.

nei ghbori ng the sil’icon are seco tertiary.

| | IFedlomeng \completioy ef the Qiedﬁkﬁn% rreaghieg sabsédheat kddctions
groups. such as isopropyl, sec-butyl, tert-butyl and

t epay by Farrieg ohbatl kigmpprasurssoinoi 2stochOPEpent yl  and
groyps such as

gﬁb@%ﬁﬁlleﬁ'ﬁ ?/Isrlsﬁgrlagggﬂg r§tad¥sts Gemparensh day thea educing
: is f la, R16 | hyd b f
1 r8ictighduhibe Aoy in i prSetba b aLScaps bl Sbctas

' ' j h thyl . -
Ie? %F%ﬁ 0 p@io%n%uts 5 ?Aﬂ;ﬁgé"%gémpg [}%ﬁf gl(?l C %et ag}IE& H’ér %?}bds
suphodirt t® ﬁﬁp&?ghte infe the pobdtisthatetial. t 'M}Boraﬁéjr;)laterial

tert-anyl; cycloalicyl groups such as cyclopent an

cypredi haveya porl wdumne ayaqups radiahofifony 20 ap200 afybf
and Zgyl %Lo S such as phenyl_and_tol%l. Al'so, in the
ab8l &b O m/8 g ansaverage) paticle sizegebilitono> to 860 20m.

o ERRRBtes St parfuf g te skidbsihdf SidorabeMat o,
CoTEohanR Fotbo By ool XAMR THEMPIS I Bl Rinmers

di iobidep polystydénebiedy pblods el h
yel ohe e o P L) PR PAMer st 5 polystyrene and

pr sfyseret divinylfenaed® egkepolyniers) cagodyacsylatetbased  porous
oagggpaluni um conpound conponent is used in an
a

f0ers, Spe Fé)ol.‘zt@hﬁllf ?W%aé%i methyl cm:sylatq:—@iarlirml Mzne

A, 1 1, 0Q0 )
o SRR pBlraiBE! SestastOfle @l cnediviormabaen ate-
ot CRRBinzeR KOSy hlbrd And Ot le R BhediEldtofl polb i
t 0as?, OPSlysthlyRee, pr@chfre@elmthypm Eerdlatd 10(%@61?58%?281 and

and nore preferably Trom0.5to 800 noles.” 2

Capellypripytnepo Qifithese, potoms substanedsy SiO4 MLOIRAI NGy rene-
componqgt and the el ectron donor conponent nay be

br $ivinilbenzene pepalmervare eefetredor e being fed to the

MU LA e gas phase. pol yneri zatjon reactor, or may be

seggbgijﬁf g@@“&@ﬁFﬂERW%YP?@@é gsempepd used in” the
ks i . d tacted within th

P bRt DEACERY bl chafhe RN Gt nb A i e

Meyorld bfittheemBRELRCARE Ay Rypically have one of the following

general formulas.
R'pAIY 30
R’R°AI-0-AIR'R®
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each other, and the remai ni ng conponent subsequently
brought into contact, or the respective conponents
may be brought into nutual contact in a plurality of
di vi ded portions. [ 0081] Exanples of netall ocene
conmpounds that may be used to prepare the

net al | ocene-type solid catal yst include transition
net al 5conpounds of the follow ng general fornula. LM
In the fornmula, Mis a transition netal, x is a nunber

whi 1.Sf1 8 val en f t transition
et g bl Rt e 7] BIKG AP R ol BB P e
metzm n r f [ j '

2 T A1l 8 CaRlondo i 3 BaReR siom, Ryhokbandn Mo
megadupM iR’ toriet anlkhyh B i Qind 6OMBEQIDS Alsd, theblettbr m
the Periodic Table of the El enents (I UPAC, 1@89), and
noisa pumber sivhythat 2 amh . zi r coni um or haf ni um [ 0083]
Li gands L having a cycl opent adi enyl skeleton are

e 4l fllgstrative” poxaraples  iof utthel) oeganoshuminyEl epympound
71 BoRBrgrigraue ialkvefingtime sl 5o d_s Jermy Tt an
fgﬁ@%ﬁ%% negilf%ﬂﬁg?éﬁhﬂﬂﬁm adi fO¥ldes such  as

opént a _
di lfrﬁ&lmhﬁmhﬁﬂe nt aliedy | . bRt - RilfssbamtdhinGysh OPeRidRdES
nyl, ' A

dialkylaluminum halides such as diethylaluminum chloride and

diisobutylaluminum chloride; mixtures of a trialkylaluminum with a
dialkylaluminum halide, such as a mixture of triethylaluminum with
diethylaluminum  chloride; and alkylalumoxanes such as
tetracthyldialumoxane and tetrabutyldialumoxane. Of these
organoaluminum compounds, the use of a trialkylaluminum, a mixture
of a trialkylaluminum with a dialkylaluminum halide, or an
alkylalumoxane is preferred. The use of triethylaluminum,
triisobutylaluminum, a mixture of triethylaluminum and
diethylaluminum chloride, or tetraethyldialumoxane is more preferred.

[0075] EXamples of the electron donor component used in the
preparation of a Ziegler solid catalyst include the following commonly
used electron donors: oxygen-containing electron donors such as
alcohols, phenols, ketones, aldehydes, carboxylic acids, the esters of
organic or inorganic acids, ethers, acid amides and acid anhydrides; and
nitrogen-containing electron donors such as ammonia, amines, nitriles
and isocyanates. Of these electron donor components, inorganic acid

esters and ethers are preferred.
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met hyl i sopropyl cycl opent adi enyl , tri nmet hyl cycl opent adi e
nyl, 20 tetranethyl cycl opentadi enyl,

pent anet hyl cycl opent adi enyl, i ndenyl,

4,5, 6, 7-tetrahydroi ndenyl, 2-nethylindenyl,
3-net hyl i ndenyl, 4- nethylindenyl, 5-nethylindenyl,

6- net hyl i ndenyl , 7-nethylindenyl, 2-
tert-butylindenyl, 3-tert-butylindenyl,
4-tert-butylindenyl, 5-tertbutylindenyl,

6- ' - T-tert.- [ : -

s T el O enicad E b ity P ARG cofpbiunds of the
2, ' P 10y, ZoBie Y 15 iy j I
4, B R O gt el I A EORIBO LIRS to
pheoydartisherytl a hzdroged wtord, RHeis hyteestbon group of 1 to 20
2- et hyl - 4- phenyl i ndenyl , 2-net hyl - 4- napht hyl'i ndenyl ,
f | carbeny,| and2the lefterat ksysuchubate®yn < 4). Illustrative examples

2,7-ditert-butyl flugrenyl and substituted versigns of
t ha ‘EAﬁ‘ve. tetrabiierysilonfer e Pusltumgthoxysiang a i tegt-taityl-n-
I i gands ,.havi n cycl opent adj en skel et 0 t hese

11 SRt saal 1) AREl R IR Rt o) s
L : [ a cycl opent adi enyl skel eton
arg§§§éﬁgﬁaﬂyggﬁégmﬁg¥g$%éton}bearing groups, hal ogen
at o077 ety @dostAérGRckide WAk EEhkidiang dEPEPSoMPYLNG
a cycl opent adi ene-type ani on skel eton). 10[ 0085]

Ex afifileegenefal férendlet er oat om i n t he het er oat om beari ng
group include oxygen, sulfur, nitrogen and phosphorus
atons. Such groRp$ are exenplified by al koxy groups,
aryl oxy groups, ,thioal koxy groups, thioaryl oxy groups,
al kyl am no groups, arylam no groups, allcyl phosphino
gr ouggr2 (LI phosphicg, 9rpRps, and aromatic or
aliphatic 15%heterocyclic groups having on the ring
at | east one atdm sel ected from anmong oxygen, sul fur,
ni trogen and phgﬁghorus atons. |llustrative exanples

of the hal ogen onms include fluorine, chlorine,
brom ne and i odi ne a he hydr ocarbon groups are

exEmphe mbeve Bormaulay IRflpg; R'kyare caclylindenendentéyiyl linear or
O BBine 3D b R T ST o 4 1554
bl AR RO 8 R'CHR BB niBRocth, ShBN TR
angkRRPIeR hHchsdeAt BByl | bines! Iddthye &Ké&ﬂmh,@sdi‘i’gob%ﬁqll 3-
resi dues include al kyl ene groups” such as net hyl erie,

et dishethexyprdpareapyd Zdaticyrildysdniylek, 8-dlidstdsypropangr oups
such as di net hyl met hyl ene (i sopropylidene) and
[0078] Of these electron donor components, an organosilicon

compound of the general formula RR'Si(OR'"), is especially
preferred. Here, R" is a hydrocarbon group of 3 to 20 carbons in
which the carbon atoms neighboring the silicon are secondary or
tertiary. [Illustrative examples include branched chain alkyl groups
such as isopropyl, sec-butyl, tert-butyl and tert-amyl; cycloalkyl groups
such as cyclopentyl and cyclohexyl; cycloalkenyl groups such as

31



10

15

20

25

di phenyl et hyl ene; silylene groups; substituted

silyl ene groups such as

di met hyl si | yl ene, di et hyl si |l yl ene, di phenyl si |l yl ene,
tetranet hyl di silyl ene and di net hoxysilyl ene; and

het er oat ons such as nitrogen, oxygen, sulfur and
phosphorus. O these, nethylene, ethylene,

di met hyl net hyl ene (i sopropylidene), diphenyl methyl ene,
5di et hyl si | yl ene, di et hyl si | yl ene, di phenyl si |l yl eneand

| FRARBGHEUL B S1 oBIREShh i BAEHTC LR
o) LTRSS OB RT e 85 A pmbon, ilpracive

bi %ﬁz!uﬁﬁl@@)b'f)vﬂhbl@ nelude dirgighothale allgjlsgréuds Such-as methyl,
t et rahydr oi ndenyDzi r coni um di chl ori de,

et bihybmeopy( butyk aydpemtyh rhrannhddtaﬂ{ydlgmnms such as isopropyl,
di met hyl si |l yl enebi s(tri net hyl cycl og@nt adi enyDzi r coni um

di eea-butylie, tedibwbylnyand | terlesall; s (qyatpakptbz igredps ushch as

di chl,ori

i FeeRpe %%?@fmm by ) g lopmen
SH éa{éﬁﬁ% @i‘ es I nC ?{15&? ﬂéguﬁnﬁ\%h%éﬁé;fﬁ%ma

dl R i d}a§ar98§rgr§ SdﬂIUcbeZ]b wafﬂamgll BRd W9 préRradly a
di phenoxi de groups. 88] Cocat al yst conponents that

mahydecabed grouph e)fprlep@rﬁt carbowd. nEflusttativenexdmyples of

solo;gdanggglgcl)g Scto?nplorlnglldlsJ dt%ato rn(i:]aa;'n %? llljsrer:ldngsm)s)l(lch electron donor
components include tert-butyl-n-propyldimethoxysilane,
dicyclopentyldimethoxysilane and cyclohexylethyldimethoxysilane.
[0079] In the preparation of a Ziegler solid catalyst, the
organoaluminum compound component is used in an amount, per mole
of titanium atoms in catalyst component A, of generally from 1 to 1,000
moles, and preferably from 5 to 800 moles. The electron donor
component is used in an amount, per mole of titanium atoms in catalyst
component A, of generally from 0.1 to 2,000 moles, preferably from 0.3
to 1,000 moles, and more preferably from 0.5 to 800 moles.
[0080] Catalyst component A, the organoaluminum compound
component and the electron donor component may be brought into
mutual contact before being fed to the multistage gas phase
polymerization reactor, or may be separately fed to the multistage gas
phase 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

32



10

15

20

25

20conpounds, organoal um num conpounds and boron
conpounds. [0089] Illustrative exanples of the

or ganoal um nunmoxy conpounds

i ncl udet et ranet hyl di al um noxane, t et raet hyl di al um noxan
e, tetrabutyl di al um noxane, tetrahexyl di al um noxane,
met hyl al um noxane, et hyl al um noxane, butyl al um noxane
and hexyl al um noxane. 25[0090] Illustrative exanpl es
of organoal um num conpounds include trim

ot e o . i .
CrPaBh ol o rbar R SoHTokl by opt St Py g Tyrual
| lcgfitacein yﬁlu@é{ﬁmqﬁvi@éd p@rtiens.conpounds i ncl ude
tris(pentafl uorophenyl)borane, tri phenyl car beni um

t e 06&i |sExemplat | ofd mogshldonehy boompeyndsi (hat bonny | bermsedi tom
S5t etraki s(pentaf | uorophenyl) borate and

N, Rrepaietth | matallopenentypet salid sesbyst anrlude ofsarsitjory metal
bor at e. 09 T. ranul ar rri.er that nmay be used
i ncpﬁﬁ’oﬂkg%‘éfrzé‘feitgﬁo%mg&ﬁnﬁﬁl EME3sol i d catal ysts is

pr ef erablldma porous substance, illustrative exanples
of whi ch™ ncl ude i norgani ¢ oxi des such as Si 02, Al 203,

MI@h 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.
[0082] 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.
[0083] Ligands L having a cyclopentadienyl skeleton are exemplified
by (substituted) cyclopentadienyl groups, (substituted) indenyl groups
and (substituted) fluorenyl groups. Illustrative examples- include
cyclopentadienyl, methylcyclopentadienyl, tert-butylcyclopentadienyl,
dimethylcyclopentadienyl, tert-butylmethylcyclopentadienyl,
methylisopropylcyclopentadienyl, trimethylcyclopentadienyl,
tetramethylcyclopentadienyl, pentamethylcyclopentadienyl, indenyl,
4,5,6,7-tetrahydroindenyl, 2-methylindenyl, 3-methylindenyl, 4-
methylindenyl, 5-methylindenyl, 6-methy1indenyl, 7-methylindenyl, 2-
tert-butylindenyl,  3-tert-butylindenyl, 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-
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10 Zr02, Ti 02, B203, CaQ, ZnQO BaO and Th02; clays or
cl ayey mnerals such as snectite, nontnorillonite,
hectorite, |aponite and saponite; and organic polyners
such as pol yet hyl ene, pol ypropyl ene and styrenedi vi nyl
benzene copol yner. [0093] Metall ocene-type solid

catal ysts that may be used include those 15 nentioned
in, for exanple, Japanese Patent Application Laid-open
No. S 60-35006, Japanese Patent Application Lai d-open

R
o2 S0y S Aot

No tert-BUtyHl16dreRPH @08, substituteat erei¥idreniof Ahpl dbogei oln cases
Lai d-open No. S 63-89505, Japanese Patent Application
Laivcheop ethetdo ared @B-plawligy, of) digands davingh sl sytlopentadieayl

%El(élggﬂ %S$gw@agdg%ﬁé§%38w5 t enf]apanese

P i catiqn Lai d- No. H 7- 224106, 2 4

vnd0S1 e L er st BB h¥ne s Gictopdiarytisheléton

ol gfd NxRRIYTRA! th&&oaﬁ:n‘f—%‘éé‘x‘iﬁ%y%%ugé) RABSEH agbiﬁ.@
or or

an or ganoal um num  conpoun i conpound nmay be
us egrdiRaeione %rduﬁ:s egéladidgygrolfs HdothgCasgsloptmadiene-type
net al | ocene-type solid catal yst and the cocat al yst
coapmmeskeleteny). be brought into nutual contact prior to
bei n&%{]ed into the polynerization reactor, or nay be
seh@P&x]dixamplgs joit thet htenoaiosn yﬁeﬁlﬁzmtﬁr@ﬁt%gémg SFRPP

COUESS oI SUERRE B pPLAAHES] REBM, S oo
aae? EkerhBlifie Pl LGt eflug MG, BRI Bpalk Y Brouf?

POkliBBFyIGAL | Og‘roﬁgé,éﬂ Vekylamige negidupy, f raplamihe 12fbups)

In a gas phase 10 pol ynerization reactor in

parikylphasphinogreupy aegphosphise gtaups; aigl abmadic tor alipbatio
the reactor exterjor, it is desirable to use a

catgieyesychis \aragpsahaving ondhn rpr ot lepd Aieaatameselepted from

preferably at |least 1 an r referably.at .

P Suongsofygenr s0Ttht Pl b POHAPYS atgri. pifstrative

pr O . V -

F1 SREbLE AL RERelWolp indfife HUEkhE ERoie brifick and

TogediReratysh 1R BOHMTRFHoMA ek GlipsC afea|e3(éﬁ1pﬁﬁe& ey alkyl,

present enbodi nent, concom tant use may al so be nmade

of aralkylaaryl andaldenyl groeps. such as hydrogen for the

purpose of regulating the nolecul ar wei ght of the

poll§e&a]. Twomuanorerigands li maydps disesthatinked tmeaphyethengy

berr?aysgé ?i%kcleg %hrough a residue containing at least one type of atom
selected from among carbon, silicon, nitrogen, oxygen, sulfur and
phosphorus atoms. Illustrative examples of such residues include
alkylene groups such as methylene, ethylene and propylene; substituted
alkylene groups such as dimethylmethylene (isopropylidene) and

diphenylmethylene; silylene groups; substituted silylene groups such as
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20 prepol ynerization catal yst which first induces

pol yneri zation in a small anmount of ol efin. Exanpl es
of olefins that nay be used in prepol ynerization
include the olefns that may be used in the
above-descri bed polynerization. In this case, a single
type of olefin my be used al one, or two or nore
different ol efins nay be used together. 25[0097]

Met hods for producing the prepol ynerization catal yst

I NGy: re not |im : slurryp-ﬂ@a' L.an
an?llgg@yﬁﬁ%&’ pol yner i%@?gﬁl&%’ t hese, gl rr?isﬁ?fefn@,
polyyimhéthgldiaR e RA® RhE@Oxysiiferts andf hdtdtdatontsd Qichl &
productioh i s “soneti nes econom’cal 'y advant ageous.

Pr edtiogeng noxggenheswéurr iaad phosphdiurg aOfatedses aéthilena,
sem batch-type systemor a continuous system 5[0098]

Thethydene, meimefipimeetiydendi afisapeopydidend)y diphenylmethylene,
pr epol rjzation catalyst is genergl]y from5 to

1, eé&fm %, gas gﬁgﬂswp%ri zaf?lp yisdlydensr j n and
pa?ic&ll ar .. tlo mnimze .scat t.er dtdo the exterior of the
r e SU05 ,°X¥ﬂla‘/ %esgrerfﬁﬂ?fn?)l r PEHEYi aneter i s preferably
at t a ef t

Vol SSR IHfYe SREE? BFC ifdnd | coffithnd BiElude
pr engbycBpéradibayl)Atontutst having a particl e dienRkide,
of leﬁ)se(s»smtg%an 20@{;1%1 and especially less than 10 pm to
be blisfmetliydoaddpehtadigmiyzireonmmt i on cat al yst naydiobkloride,

introduced into the reactor as _a suspension in_ a
hy biiwenpbziseaniamt or t he | dieBloridss r oduct i on bis4,5,6,7-

IR IR WL R T
Pr Qﬁjéiﬁ&ii&’é] Pr 8irfetfiylsilylenebis(trimethylcyclopentadienyl)zirconium
dichloride, dimethylsilylenebis(indenyl)zirconium dichloride and
dimethylsilyl(tetramethylcyclopentadienyl)(3,5-di-tert-butyl-2-
phenoxy)titanium dichloride. Additional examples include compounds
in which the dichloride has been substituted with dimethoxide or
diphenoxide groups.
[0088] Cocatalyst components that may be used in the preparation of
metallocene-type  solid catalysts include organoaluminumoxy
compounds, organoaluminum compounds and boron compounds.
[0089] Illustrative examples of the organoaluminumoxy compounds
include tetramethyldialuminoxane, tetraethyldialuminoxane,
tetrabutyldialuminoxane, tetrahexyldialuminoxane, methylaluminoxane,
ethylaluminoxane, butylaluminoxane and hexylaluminoxane.
[0090] Illustrative examples of organoaluminum compounds include

trimethylaluminum, triethylaluminum, tri-n-butylaluminum,
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Next, the process of producing a polyolefmin such an
ol efin polynerization reaction unit is described.
[0101] First, polyolefin particles containing a
cat al yst conmponent 20 havi ng pol ynmeri zation activity
are formed in the olefin prepolynerization reactor 5
by a known net hod using an ol efin polynerization

catal yst. [0102] Separately fromthe above, an olefin
nononer gas is fed via line L30 into the nultistage
gaﬁii%\iﬂgaﬂﬂﬁ%ﬂﬁ{m-ﬁ-@wgﬁ? uOA fromthe 25no0zzl e
40, e pressure 1s rai se 0 e pol yneri zation

Y ERUN| Fludndivene exBEPIdOr Ff R0y ! cBEPbudds | Sinclude
heat ed. The pol ynerization pressure, which nmay be any
pr efsgpdreafudrbplrengiybange, at whi ch the ol efipheniykactsgpainhe
of beln%yfresent in the reactor as a gas phase, is

getesrakis(yentafbrorepleanyly d pr ebaratee t o 10ri(u-trety])ammonium
0. GiakisipntsTiigemicra ol YR 2 abibn HYALIaREnBanbmIg
¢ BRI AR e el o or esture above 10 M PaQ
ool GPRZY ey BRRBIaE Yok (b 07 b BHe 36 AT refilatidd or

t y aRtdocoRNSBIR cathRyStsIB pesietably Welotdils fibstafie, AllAstHHive
and ot her factors, although a tenperature below the

mekxampjep of whidhf incheledherfganic dddgsadueheas, Si@hdAl,O3, MgO,
preferably at |east 10C |l ower than the nelting point

i sZ?@sﬂngm %Oas&@@,fm; BgO ?’sﬂﬁ‘eﬂ@mﬁé@'f )@tb‘larr @?y@/ minerals
0 0 ) 20

Hodke ”‘b SR TR EETe BRSFor o FAnPE g FBBONITE 470

P BteBhRObBI ek AeH A poRRUITEG, 201 oy Ton land. styrene-

Thgivm}q%ﬁg@ecgopagjlﬁérur e may 15 |ower the
pol yneri zation activity of the polynerization

caf(93$ Metallscenettispe pokd eataly st thek maysheonsegancluda thase
nmonoxi de or carbon di oxide within the polynerization

r ea@ntlgmﬁcgylstfﬁfxm?plfpman@w?emyﬁﬁpﬁi%mdnaidme?iNq/-.
e
R e A e

shawplicaish Lhideopen N6hS GPJIIDQBPG,'J&P&%SE'M'(@I& Apgli¢dion
the cylinder 12 are nost often particles which do not
cobhi-opea Nat b 1217 68 0fidapamdse Patcnh dpplipatigmEaidzepgendso.
activi té/ al t hough the presence within the

S 61-296008, Japanese Patent Application Laid-open No. S 63-89505,

Japanese Patent Application Laid-open No. H 3-234709, Japanese
Translation of PCT Application No. H 5-502906, Japémese Patent
Application Laid-open No. H 6-336502 and Japanese Patent Application
Laid-open No. H 7-224106.

[0094] When a metallocene-type solid catalyst is used in olefin

polymerization, a cocatalyst component such as an organoaluminum
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- di pedtarabbdaf leash 15 ?_nb.Ot ThenpdbrinedaEion FakalydtGAQAE préent
in prepolymerization reactor

25particles of a catal yst conponent having a

pol yneri zation activity is acceptable. [0104] Wen
pol yol efin particles are fed while feeding an olefin
nmononmer gas fromthe nozzle 40, as shown in FIG 2, a
spout ed bed of polyolefmparticles is fornmed within
the polynerization stage 25. That is, under the action
of the gas fromthe gas inlet orifice, the particle 5
concentration thins near the center axis of the

cyld [ LZaty po
L PRl e o o B S el s AL AT,
t heuelscasb athehinheRallGenatypd aolidt Eétﬁ%ﬁf em@f tRACbtAhRSt
falling in the manner of a noving bed under the

i nfcbugpoaentofay tevibropghtsinte tetdaladontdee ppiee itpfbeing fed into
thereof, giving rise to the circulatory 10novenent of
paithe cpelymgrization t reacias) yorermanat bensepazajely2Sed [ 0mo5the
Once,a spouted bed has been fornmed wthin eaPt )
poIBShaRFIAFOB feasiar A eontaried B s TeACiDE: { Adpaatively,

co LG NG: [ C e .ng a .
potyafinafe, SOiBoBhee JRER IR RindR sRe Byt comtast dis,
prz,mglaﬁ i ' Mt or 5 are fed fromline L5 into
th cylgﬁ%fe(?%fgag’to 15 a constant rate per unit tine,
i N[00t Tien tmasyvhirelnr gaytidle ndidrbeter 6f etheOWbol¥ lofefin
first circulating means 90A and the second circul ating
e polyn@izatioheatabyst do gererally droan 64dyl- 50t e  dpargasiphase
of tre mul ti stage gas phase pol ynerization reactar
10Rolymaerizaion oreastass ith pastewlarn c® SYRPLESHithg scagtsring yef

o PR ot Pt BOealor i SRehEibiB b i b *afi i hafiper s,
f aHasE r}ﬁ@éfﬂpaﬁf&f‘e Hpaﬁ’ﬁétgjd SO RIbly 3P3eREd0 p%lglaﬁ'xglemore

pol yneri zation stage 25 below, ard are even

cases where an ol e is

noembodimend| why rinploidy rasiditratsi suchcast al fsidization iaid ead an

havi n%aa 'pgrtj cle size of about 2510 to about 500 tgm
pgatie additivect iTpgethen Wikl th pohaaerizapion] eatgyst of the

]'cvg?)?%\’\s@i% %mbB@fxﬁen‘%f cgrrl]gorgitgti lrfsengl%(})' S50 Oen}n%idgi oFa Wdin
transfer agent such as hydrogen for the purpose of regulating the
molecular weight of the polymer.

[0096] The olefin polymerization catalyst may be a so-called
prepolymerization catalyst which first induces polymerization in a small
amount of olefin. Examples of olefins that may be used in
prepolymerization include the olefins that may be used in the above-
described polymerization. In this case, a single type of olefin may be
used alone, or two or more different olefins may be used together.

[0097] Methods for producing the prepolymerization catalyst include,

but are not limited to, slurry polymerization and gas phase
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spout and sweeps past the particle bed, while the
remai nder of the gas diffuses into the portion of the
particle bed having an annul ar structure. In this way,
the ol efin-containing gas and the polyolefin particles
undergo solid-gas contact and the action of the

catal yst wthin the 5polyolefin particles causes the
ol efin polynerization reaction to proceed, resulting
in growmh of the polyolefin particles. [0108] For a

2 A, LR, LRI O

Op%lfathb rlﬁtté‘ioﬁijchﬁﬁtlBﬁ RaddnddtiBel eboromichiiadvifa @o%s.
superfici al ocity U0 be equal to or greater th

t h@rodiittionnnay begasried pat tisiapal bateh agstem, dr sn:$maﬁtchhypé1
a spouted bed is capable of formng. In addition to

t h@yﬁthlynmrceatoqmmupw systamof the powder and gases being

a E&ba‘ifrﬁéﬁe&”b&“aghgi‘éw%&eé&%h ke Xﬁé, epdmcpaation
cactasst g SR guctor cLBREr bR EIRGc o, phase
EJr %W%géﬁrf%&of( ﬁafn?ﬁi@ﬁ A, 1o ME{levsc&(eg t&MR Exilrilr

of the reactor, the mass mean particle diameter is preferably at least 10

pm, and more preferably at least 15 um. Moreover, it is desirable for
the amount of prepolymerization catalyst having a particle diameter of
less than 20 pm, and especially less than 10 pm, to be low.
[0099] The polymerization catalyst may be introduced into the reactor
as a suspension in a hydrocarbon solvent or the like. Introduction by
entrainment with monomer gas or an inert gas such as nitrogen is also
possible.
[0100] Polyolefin Production Process

Next, the process of producing a polyolefin in such an olefin
polymerization reaction unit is described.
[0101] First, polyolefin particles containing a catalyst component
-having polymerization activity are formed in the olefin
prepolymerization reactor 5 by a known method using an olefin
polymerization catalyst.
[0102] Separately from the above, an olefin monomer gas is fed via line
L30 into the multistage gas phase polymerization reactor 10A from the
nozzle 40, the pressure is raised to the polymerization pressure, and the

interior of the cylinder 12 is heated. The polymerization pressure,
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dB dBPG In this fornula, dp is the particle

di anmeter, ps is the particle density, PGis the gas
density under the pressure and tenperature conditions
of the polynerization stage, pAnt is the density of
air under 20room tenperature conditions, and Ls is the
hei ght of the spouted bed. [0109] The spouted bed

hei ght Ls within the polynerization stage 25 is equa
to or Iess than t he maxi mum spout ed bed hei ght LSmAx

o HItHE e SRR A0S i B ERAR SRR HAE X80 B e

| S of %ﬁ\? ﬁreséﬁ't in 8RSrehdtdPad anﬁ“ﬁﬁéﬁui@ g%ﬁ@féﬂl?‘ﬁ&ﬁ ‘§tandard
25hei gh . Various formulas for calculating t
rraprerssnﬂespcoultmwmd P&f’e@bty lfedrave.2beerg VBHGSs and more
of which is formula M%)bel ow. d,d, 0.218+ 0. OOS(E

- pp)‘qjdrab}y @@ng@n& to 5(MPafz. Ata polymerlzannntprgssure elow
fornul a, is the termpal velogity of fthe part|
analaBGN PESTNE e rTRUNRIRD HRY decEHsoel iths oth e@%ﬁ@i

t ha{“ﬁ%?%%f’qtﬁr%ié’drgtahﬁ{f%YQr@E? e et %%%s” Tor g Jeacl

g A N ﬁq*fﬂP%rak‘gsy 1 S0,
f i 16 thectypeWfahonenee #ns mWisulatnweight 6 tHel grodiict and other
10nononer -contai ning gas is renoved from'the topnost

st faomndltboudled temperature below the melting point of the olefin

polymer, and preferably at least 10°C lower than the melting point, is
desirable. Specifically, the temperature is preferably from 0 to 120°C,
more preferably from 20 to 100°C, and even more preferably from 40 to
100°C. It is preferable to carry out polymerization in an environment
which is substantially free of moisture. The presence of moisture may
lower the polymerization activity of the polymerization catalyst. Also,
the presence of excess oxygen, carbon monoxide or carbon dioxide
within the polymerization reaction system may lower the
‘polymerization activity.

[0103] Next, polyolefin particles having a particle diameter of from
about 0.5 mm to about 5.0 mm which have been obtained separately by
a known method are fed to the cylinder 12 through a feed line (not
shown) and line L5. The polyolefin particles fed into the cylinder 12
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.
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by the heat exchanger 65 to a degree that the gas does
not condense and fed to the bottommobst stage of the
cylinder 12. This enables the renoval of heat
generated by the olefin polynerization reaction.

[0112] In recycling by the second circul ati ng neans
90B, olefin 15 nononer-containing gas is renoved from
the third polynerization stage fromthe top of the
cylinder 12 and condensed by the conden5|ng unit 66,

St Lo WREACHIROR meteie el el GOADE  REUERF an7 Bl
oy TRomghie s R ThehEoAL Al %’?f‘ﬁpﬁ%i‘%ﬁ‘%&“&&?‘r‘%&ﬁfm

t hgoR@lefi firtibleRad fdrﬁie@iwtlﬁﬁ I’dﬁé ?@!lyﬁfdrﬁza@dn tthge DAt Thit
vaporlzatlon In this way, the tenperatures In the

r esspankley ¢he attyore oif 2k igas fixtmadhe ¢S inlet lorificehthe particle
cylinder 12 can be kept from becom na@succes& vely
hi gﬁ@enmatlﬁnguhms peary ther icenfer oaan%tﬁg |1ﬁgthet

Soishindrbdat Eag'eﬁ@%@%% g A4
pr obw&g{d)‘o& rom t g%ag%lsp I{/@%\%iegga I ZI ng t
TehdsUfallin i {h% esme g é’ﬁld%%%/ﬁgd Adér lﬁﬂa&?& @fS

WI hin the cylinder 12, it is preterable for a

pl greapfitytiy fofmédat teqseniphery thetreuf] giyingpesstohis dircubstory
provided. 5[0113] The ol efin polynerization reaction
uanV@melnhe partic thdundmlp@mmepz@wruatggct B8 advant age

Efi@fa?spé’(';éé sheulir e hascieon Toued i et Rl R0 En
Sl Sl PRRACE ARARE, Sl g3 e

Al ega a K d byn t
s s i an, s Sty oot

di ptepotymérigtichneadtor $tard &al frenphmg/érmﬁﬁthetdyhndaolm tt
of gas fed to the first heat exchanger 65 can be
r edeoagtantTrate pies umthtemg,ama@ddlglomfto twWizich ireeyeliagi in gatyigd

C1 PGP ekl Bnameas B Aot ke seeond iemining meens
?ﬁénélﬁé%a ggmﬁbe&ﬁﬁwtéaoi}‘%éﬁée‘% o of Pl BEFGe BRL
hﬁéé%a cﬁﬁﬁ@ﬁzétﬁmt Nead6F " FRRE | AsV hd!MBolYERAN! {iﬁre&’}és

dens the gas is automatically dra Into
heabmeifmli@ agatalgdiaohipoiiehtleaviyg ianstdyméAzitiooagivityl grow

L41. Moreover, the liquid
within each polymerlzatlon stage 25, they successively fall through the
upper downcomers 35a and into the polymerization stage 25 below, and
are eventually discharged from the bottom downcomer 35b.
[0106] In cases where an olefin prepolymerization reactor 5 is not used,
olefin polymerization catalyst particles having a particle size of about

10 to about 500 um may be fed directly into the cylinder 12.

[0107] Meanwhile, part of the olefin monomer-containing gas forms a
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20 (condensate) resulting from gas condensation can be
fed into the polynerization reactor under its own head
pressure w thout using a punp. In cases such as when
the head pressure is insufficient, it is necessary to
use a punp 52. However, even in this case, the punp
capacity need only be of a degree that conpensates for
t he degree of 25i nadequacy in the head pressure.
Therefore, providing second circul ating neans 90B
hayi 3 i e
pore AR pePlhe PHERALERN, RARARE Terinae BF B 42
ov @iffilsks §1HERE poridH Sthe Particl€ Bed havinlg diartiul fGktructure.
[0116] The second circul ating neans 90B, which differs
f r in thise whayy she ocolefinHcahfairgngregass afAd Aheepalybkesing pagcldso
be renoved froma desired 5 polynerization stage and
al yodesgarodid-gasneentget: and dhecctien ob the ¢atalyseawithin the
because it is,able

' 8%&5&5&61%012%38;%? ot % l ‘\r/ﬁglyg)&rxgmq Zlffi?tbqp dtov
2Bttt f oS SRR Ry BMRGRRAEE . 5 07
FehOPL TR QB0 SRREFRN b outRf eF poiRtBarion stage,

poRynieris paéferible cattthe falldwing 6paNtind cohditiahiBeysapisfiedre
second circul ati ng neans 90B mag of course, be
<]

pr be., thad th¢ @as shpexficia] velosityddphe eqiralciol ait gregtenshars the
90B.feeds condensate to . the next pol rization stage
abBYBIMUR g5 ywesriisial | whoddty, ddms raf micﬁ w%%i;ﬁ 18
haye en .rgnoved. f.gedin ndgnsat e close to e
ot RN DL ARG oY Biicn o iRG aBDOME soRalet o IR
re 18 IR .
begn rgrn%t\%%%ég%:aenrﬁofém sﬁégﬂgtﬂha ne%lr%dﬁ P F{?r%érlit‘%g? 'dn
st ulpes islAkoefrdhencéddygdre bhapy bAtRe ipdl@dehzation reactor.
pol ynmeri zation stage within the miltistage gas phase
poMarieus foatiudas ROreckeenqropasedofer kelpulatingstha moinghin gas
' ' th ted stat f th ticl
ggglgp%?gé@g?ﬁlﬁa%% Un?s. S p(())rllje gxarr?pl?:t ise fo?‘mula ? 1 )pbaeEO\JV.C ©s
1/3 0.2
Ums:gg_(gi) \/ZgLs(ps—pG)x(pG} e (1)

s\ 49 Pa Pamr

In this formula, dp is the particle diameter, ps is the particle
density, ps is the gas density under the pressure and temperature
conditions of the polymerization stage, pawr is the density of air under
room temperature conditions, and L is the height of the spouted bed.
[0109] The spouted bed height Lg within the polymerization stage 25 is
equal to or less than the maximum spouted bed height Lsyax at which a
spouted bed is capable of forming, and is not subject to any particular
limitation provided it is equal to or less than the maximum spouted bed

height Lsyax.  Various formulas for calculating the maximum spouted

41



10

15

20

25

[0118] The invention is not |imted to the

above- descri bed enbodinent. In the foregoing

enbodi ment, the nultistage gas phase pol ynmeri zation
reactor 10A is one in which gas di scharge nozzles 60
are provided at the 25third polynerization stage from
the top and the liquid feeding nozzle 50 is provided
at the second pol yneri zation stage fromthe top
Fbmever the gas di scharge nozzl es 60 and the quuid

e 5 not e Q L
R o P BeEbroA bt SRR AOBHATD
po Liowpn. To keep the gas flow rate at each

pol'ymeri zati on stage substantially constant, it is
preferabje ford e gas Odddgé;rjarge} gg zl es 60 to 5be

si t uat ed—g¢£ t-he2 sa e8P st age as t(®)
liquid feédingdngzzl e 50 oPsB#.a | atz}er pol yreri zat i on
stage. [0119] Also, in the above enpbodi nent, the

nul ti st dgéhgfa@rmn& a1 i thenterminal jvelpcity el e peoiclamsand

exenplified. tista s phase pol yneri zation
reH@tlérth‘?W %ﬂf‘ﬁ} qu(ti‘é% eds formed in the

lFrgigl ﬂgé : %’;ltdll)?ﬂl't &P Wolifthe etfﬁgleﬁ and 81t1 r}%ﬁ%u{heed

be s | o five, and na y nu
eq ¥eHmdtdnf egfn%?é §{abléqéﬂbu§é@bed: O I%r’é&rﬁﬂé FeP G o%fed

achieving a sufficient 'plug flow effect he nunber of

spbed heightDstoi e Iiphércthab khe abulae dafflé 30.ee, and nore
preferably at |east six. Moreover, theg?l urality of
spRkldd Ihaecychiogdyribe firsteizudating/mpansi$0A 5 me@ed olafine

vertical direction. For exa ur al | t
reg&nefrgerwp{lﬁpﬂnggeﬁ I penggye gprfroamstﬁﬁgq cﬁnééweéi

or DL Blat EehdnBkf s 36 a TG IHE &gggﬁo§§n&e%&dgﬁgnt o

defé(g@o ape Hdﬁ%nﬁﬁ@ﬁagﬂa%@ (ﬁoﬂfer eylifRk NP, This! Enables the
preferable to design the vol une” of each reactor stage

angemovdl o hedthenpritatbbetherolefin polymerization reaction.

[0112] In recycling by the second circulating means 90B, olefin
monomer-containing gas is removed from the third polymerization stage
from the top of the cylinder 12 and condensed by the condensing unit
66, and the condensate is fed to the second polymerization stage from
above by the liquid feed nozzle 50. In this case, when liquid olefin
monomer evaporates within the cylinder 12, heat can be efficiently
removed from the polyolefin particles, particularly by the heat of
vaporization. In this way, the temperatures in the respective
polymerization stages 25 within the cylinder 12 can be kept from
becoming successively higher at higher polymerization stages, thus
making it possible to equalize the temperature at the different

polymerization stages 25 in the cylinder 12. A plurality of the second
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20 particle hold-up or residence tine in such a way
as to narrow the residence tinme distribution of the
pol yol efin particles and to nmake t he anount of

pol yol ef i n produced at each stage (including the

ol efin prepol ynerization reactor 5) nore uniform

[ 0120] Second Enbodi nent 25In the above-descri bed
first enbodi nent of the invention, a reactor where a
spouted bed is fornmed in each polynerization stage is

used. wever, it 4 0ssi bl e t. sen.i nstead .a eacto%
! n CsPEtE  Felns R e Yes ProYifled; ; Fram e standpott o
| ] . t' T i .
oIBR8y WA RY oAb sage 25
polwitlhi #at éRihderadt iiPhs ‘fb?éi%raja@é_) @olaﬁg;%hfﬂlﬁ‘ﬁ dfgtlk%rk%cci)réd

second enbodi ment of the’invention 5shown 1n

a robotaingimeansioOB @ He prodidedd bed is fornmed in each
pol ynerization stage. [0121] As shown in FIG 3, the
nul[P1 E¥lagbe gatefishapelypisrization z aedctionr amitt oof 1DB ipgesent

R v sk thoadilpas Eé@é%}%&@éé%%ﬁo% e
| [ inside. 1 i 2. T

G SEPL St S 8, pOREFichoh eacieh | Qs Sty
| N thdhediX bP!vaﬁéﬁ%ﬁ"ohoéhnOBe tLﬂﬁiZEéf,' ém%gji?eat Al {0088

the dispersion plates 32, the reactor construction is

t hefl¢cientlpsariiediovef the nmultistage gas phase
pol yneri zation reactor 10A in the first enbodi nent

shq@hl4]nAlsoGbecauss| Gr@lzhsdtiont Isecarriked i it dyye theasecond deeat
pol yneri zation reactor 10B, four pol.ymerization_stages
25 CXFRARSSF el | Whichy éyseparatee apd, disiact domedhe ofirst heat

1 Sl B 5 RS RO S0, 9

PorTELGal That 0% LY OBt gt o
which circulates gases in the first circulating means 60A can be
lowered, enabling the power costs to be cut. |
[0115] Also, in the second heat exchanger 66a, because a negative
pressure acts on the internal space to the decrease in volume when the
gas condenses, the gas is automatically drawn into the heat exchanger
66a from the cylinder 12 through line L41. Moreover, the liquid
(condensate) resulting from gas condensation can be fed into the
polymerization reactor under its own head pressure without using a
pump. In cases such as when the head pressure is insufficient, it is
necessary to use a pump 52. However, even in this case, the pump
capacity need only be of a degree that compensates for the degree of

inadequacy in the head pressure. Therefore, providing second

circulating means 90B having a second heat exchanger 66a does not
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20 the bottom surface of a dispersion plate 32, the
top surface of the dispersion plate 32 directly bel ow,
and the inside surface of that portion of the cylinder
12 (cylindrical portion) |ocated between these two
di spersion plates 32. The topnost pol ynerizati on stage
25 is a region enclosed by the inside surface of the
top of the cylinder 12, the upper 25surface of the
di spersion plate 32 directly below, and the inside
surf.ace of that @%rtion of .the

[

l.i,nd
( RIS, e RagreT st ARy |g6%aa@saree%lslh§§§%§é g.vzrflaffs%ﬁm?an
_ TS5 A B
OB hPOPUIE LERLLRREURIE 200 2 L C The Do

_ rnpd_duetotheinvva_rd and
u plr@f 1_(15t] fTisbnd 'c%fch}hting QRERIsTI0H] WRRR iffbrsardth3hRe first

velocity fromgas inlet orifices in the 5dispersion

pl aireuldfing [Adad] 908, shables gasekit9. bS reioved dromi 1 dbsired
are provided so as to pass through the top three

di pplymsdrizatiph atage a3d ahswmenades candansate tebe fi¢d tooe desied
The dovngoners 35a al] |l ow po]yolefin particles to dro

doRAIRGHEAHAN LIPS p%?%ﬁ@ﬂg{ia&eﬁwsﬁﬁg‘é @ie ;) S&%%‘\XE@’
pol Lizatj.on stage, 10.25 A partdcle renoving |ing
o eS8 i, i AL R beteriaRgn REY, 1o hiches g&feast "
pr i N N t i i . . .

po RSP Epit il s, AR She BRCUIRIA pARi kNS or o
th @%@ﬁbﬁﬂa't'a Piidd Glegr HRMiPpBEMbIt NGtagd, OfedRlerdtlrd Rbstrol
errgo i ment ,l gs ign tl’?e earlier descria ed ent?gdi ment , °
t hevithis® tiid meitistagecgdsgihase polyarsizatién aeattarhH) A éceasg. A
circul ati ng means 90B are able to reduce power costs

anBluralifye 08 the ssecand ecirqulatings magas 0B anpy.c PEMourseatbe

renmpval fromthe polyolefin particles by a | atent heat
of pff%g?c{'zat i on.

[0117] Also, the second circulating means 90B feeds condensate to the
next polymerization stage above the polymerization stage from which
gases have been removed. By feeding condensate close to the.
polymerization stage from which gases have been removed, an amount
of gas equal to the amount that has been removed is replenished at a
nearby polymerization stage. Therefore, the gas flow rate in each
polymerization stage within the multistage gas phase polymerization
reactor can be kept substantially uniform, making the spouted state of
the particles easy to control.

[0118] The invention is not limited to the above-described embodiment.
In the foregoing embodiment, the multistage gas phase polymerization
reactor 10A is one in which gas discharge nozzles 60 are provided at the
third polymerization stage from the top and the liquid feeding nozzle 50

is provided at the second polymerization stage from the top. However,
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VWHAT IS CLAIMED IS: 1. An ol efin polynerization
reaction unit conprising: a nul tistage
gas phase pol ynerization reactor which is divided into
two or nore polynerization stages, in which polyolefin
5 particles nove froman initial stage to a final
stage, and in which an ol efin nononer-containing gas
is fed fromthe final stage toward the initial stage;
first circulating nmeans for feeding to the final stage
a gas that is discharged framihe . initial stage,and

£ ndfE egoisahied mez2ps i and B hadid dAefipBmozgfiaso 3 not
e , , ; £

ot e bbRRRE R 281 RER B HabB diddGed o
CORHS PosTbn. W’Ibhk&tpsﬁécg}‘é e tra x4t haen %olﬁh&fi%tf%'ﬁt stage
fromthe first heat exchanger, a gas renoved from one
of stibstamgtidllyroenstaat,iivis méfegebde fordRe ghedntledrg@nozzles 60 to
pol ymeri zation reaction unit of claim1, wherein the
seberitugted etithe:Jams palsimerizatiasstagracibedspid feeding nozzle
pol yneri Zi‘%i on stage fromwhich gas is renoved, the

polPYrEat 3 Jaterpolymerizationsagst el y before the

ol [ ion sta fromwhi-ch gas. is._r ved, orthe
PoLSTRNIARD) 3R eGSR0kt hiintpEa e, in{IRIREE ‘gas” phbd¥
20 jozabi i i

2 ORRIDHEafih rORS! 08 AORMPIIS ol AulSER s phase

or pdlyriéréacion réditort inowich fivesppaled Bl farmedinthegesdical
are arranged in a vertical direction. 4. The

ol difentipo| Vitewever thernumbert ofapoutedibeds imngt bmétedfto five,
25C|§iﬂ5 to 3, wherein the second heat exchanger is
si fhgtBay B pyphersaval toner edendha tWe. f dgomg the

On%ta%ﬁpcgilﬁ ot Oaltc\ﬁgre%riﬁgz AL cfc’etn%%?&g' flow effect, the number of

spouted beds is preferably at least three, and more preferably at least

six. Moreover, the plurality of spouted beds need not necessarily be
formed in the vertical direction. For example, a plurality of reactors
within each of which a single spouted bed is formed at the interior may
be arranged in a horizontal direction and coupled in series. Also, in
reactor design and the operation control method, it is preferable to
design the volume of each reactor stage and control the polyolefin
particle hold-up or residence time 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.
[0120] Second Embodiment

In the above-described first embodiment of the invention, a

reactor where a spouted bed is formed in each polymerization stage is
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5. The ol efin polynerization reaction unit of any one
of clains 1 to 4, wherein a fluidized bed of the

pol yol efin particles is forned in each polynerization
st age. 6. The ol efin polynerization reaction
unit of any one of 5clainms 1 to 4, wherein a spouted
bed of the polyolefin particles is fornmed in each

pol ynmeri zati on stage. 7. A polyol efin production
process whi ch conprises carrying out olefin
g%?& %v'e?zg s 1%:18“ ];llfsgl xﬁ;gé% r'rée?cttoro?n which a

fluidized bed is formed in each polymerization stage. The multistage
gas phase polymerization reactor 10B of the olefin polymerization
reaction unit 100B according to the second embodiment of the invention
shown in FIG 3 is a reactor in which a fluidized bed is formed in each
polymerization stage.

[0121] As shown in FIG 3, the multistage gas phase polymerization
reactor 10B is composed prirharily of a cylinder 12 which extends in the
vertical direction and a plurality of dispersion plates 32 provided inside
the cylinder 12. The dispersion plates 32 are arranged at equal
intervals in the axial direction of the cylinder 12. Aside from the
dispersion plates 32, the reactor construction is the same as that of the
multistage gas phase polymerization reactor 10A in the first
embodiment shown in FIG. 1.

[0122] In the multistage gas phase polymerization reactor 10B, four
polymerization stages 25 are formed in a row in the vertical direction
within the cylinder 12. Gas discharge nozzles 60 and a liquid feeding
nozzle 50 are situated at the third polymerization stage from the top.
The bottom three polymerization stages 25 are each regions enclosed by
the bottom surface of a dispersion plate 32, the top surface of the
dispersion plate 32 directly below, and the inside surface of that portion
of the cylinder 12 (cylindrical portion) located between these two
dispersion plates 32. The topmost polymerization stage 25 is a region
enclosed by the inside surface of the top of the cylinder 12, the upper
surface of the dispersion plate 32 directly below, and the inside surface

of that portion of the cylinder 12 (cylindrical portion) located

46



10

15

therebetween.

[0123] In each polymerization stage 25, a fluidized bed of polyolefin
particles is formed due to the inward and upward flow of olefin-
containing gases at a high velocity from gas inlet orifices in the
dispersion plate 32.

[0124] As shown in Fig. 3, downcomers 35a are provided so as to pass
through the top three dispersion plates 32 provided within the cylinder
12. The downcomers 35a allow polyolefin particles to drop down
from an upper polymerization stage 25 to a lower polymerization stage
25. A particle removing line which laterally removes polyolefin
particles is provided at the bottommost polymerization stage 25.
Polyolefin particles are discharged to the next step through this particle

removing line. -

[0125] In this embodiment, as in the earlier described embodiment, the
first circulating means 90A and the second circulating means 90B are
able to reduce power costs and achieve desirable effects such as
efficient heat removal from the polyolefin particles by a latent heat of

vaporization.
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WHAT IS CLAIMED IS:

L. An olefin polymerization reaction unit comprising:

a multistage gas phase polymerization reactor which is
divided into two or more polymerization stages, in which polyolefin
particles move from an initial stage to a final stage, and in which an
olefin monomer-containing gas is fed from the final stage toward the
initial stage;

first circulating means for feeding to the final stage a gas
that is discharged from the initial stage and then cooled with a first heat
exchanger; and |

second circulating means for feeding to one of ~the
polymerization stages a condensate formed by condensing, with a
second heat exchanger different from the first heat exchanger, a gas
removed from one of the polymerization stages.

2. The olefin polymerization reaction unit of claim 1,
wherein the second circulating means feeds the condensate to the
polymerization stage from which gas is removed, the polymerization
stage immediately before the polymerization stage from which gas is

removed, or the polymerization stage immediately after the

. polymerization stage from which gas is removed.

3. The olefin polymerization reaction unit of claim 1 or 2,
wherein the two or more polymerization stages are arranged in a vertical
direction.

4. The olefin polymerization reaction unit of any one of
claims 1 to 3, wherein the second heat exchanger is situated upward

from where the condensate is fed to one of the polymerization stages.

48



5. The olefin polymerization reaction unit of any one of
claims 1 to 4, wherein a fluidized bed of the polyolefin particles is
formed in each polymerization stage. ’

6. The olefin polymerization reaction unit of any one of
claims 1 to 4, wherein a spouted bed of the polyolefin particles is
formed in each polymerization stage.

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

reaction unit of any one of claims 1 to 6.
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